
Western Connecticut State University Western Connecticut State University 

WestCollections: digitalcommons@wcsu WestCollections: digitalcommons@wcsu 

Education Dissertations Department of Education & Educational 
Psychology 

Spring 5-2017 

THE UTILIZATION OF INQUIRY-BASED SCIENCE INSTRUCTION IN THE UTILIZATION OF INQUIRY-BASED SCIENCE INSTRUCTION IN 

CONNECTICUT CONNECTICUT 

David M. Bozzuto 
Western Connecticut State University, flyfishbozzuto@gmail.com 

Follow this and additional works at: https://repository.wcsu.edu/educationdis 

 Part of the Educational Leadership Commons, Educational Methods Commons, and the Science and 

Mathematics Education Commons 

Recommended Citation Recommended Citation 
Bozzuto, David M., "THE UTILIZATION OF INQUIRY-BASED SCIENCE INSTRUCTION IN CONNECTICUT" 
(2017). Education Dissertations. 24. 
https://repository.wcsu.edu/educationdis/24 

This Dissertation is brought to you via free, open access by the Department of Education & Educational Psychology 
and by WestCollections: digitalcommons@wcsu, the institutional repository of Western Connecticut State 
University. It has been accepted for inclusion in Education Dissertations by an authorized administrator of 
WestCollections: digitalcommons@wcsu. For more information, please contact ir@wcsu.edu. 

http://library.wcsu.edu/
http://library.wcsu.edu/
https://repository.wcsu.edu/
https://repository.wcsu.edu/educationdis
https://repository.wcsu.edu/education
https://repository.wcsu.edu/education
https://repository.wcsu.edu/educationdis?utm_source=repository.wcsu.edu%2Feducationdis%2F24&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1230?utm_source=repository.wcsu.edu%2Feducationdis%2F24&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1227?utm_source=repository.wcsu.edu%2Feducationdis%2F24&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/800?utm_source=repository.wcsu.edu%2Feducationdis%2F24&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/800?utm_source=repository.wcsu.edu%2Feducationdis%2F24&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.wcsu.edu/educationdis/24?utm_source=repository.wcsu.edu%2Feducationdis%2F24&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ir@wcsu.edu


 

 

 

 

 

 

 

THE UTILIZATION OF INQUIRY-BASED  

SCIENCE INSTRUCTION IN CONNECTICUT 

 

 

 

 

David M. Bozzuto 

 

 

 

Sixth Year in Science Education, Southern Connecticut State University, 2002 

Master of Science in Education, University of Bridgeport, 1997 

Bachelor of Science, Hobart College, 1996 

 

 

A Dissertation 

Submitted in Partial Fulfillment of the 

Requirements for the Degree of Doctor of Education in Instructional Leadership  

In the 

Department of Education and Educational Psychology 

At 

Western Connecticut State University 

2017



 i 

THE UTILIZATION OF INQUIRY-BASED  

SCIENCE INSTRUCTION IN CONNECTICUT 

David M. Bozzuto 

Western Connecticut State University 

Abstract 

The purpose of this study was to explore the perspectives of practitioners of inquiry-

based instruction from 35 Connecticut school districts.  The source of the participants, 

Connecticut State Science Assessment Advisory Committee members, and their involvement 

in science education acted to bound the research.   

Using a multiple case study design, data were gathered from 28 participants:  teachers 

n = 21, curriculum leaders n = 4, professional development experts n = 2, and state education 

advisor/ teacher preparation expert n = 1 involved with Connecticut schools.  Each participant 

was asked to complete an online demographic and inquiry utilization questionnaire.  From the 

results of the questionnaires, a cadre of 11 participants was selected to participate in semi-

structured interviews.  A round of follow-up interviews of five key participants was conducted 

to further clarify the phenomenon.  Two of the follow up interviewees were observed using 

the EQUIP rubric to assess inquiry implementation.  Artifacts such as minutes, PowerPoint 

presentations, and a reflexive journal were collected throughout the study. 

An inductive approach to content analysis of data from the survey and interviews was 

used to explore constructs, themes, and patterns.  After segmentation took place, the data were 

categorized to allow patterns and constructs to emerge.  The data were reduced based on the 

emergent design and those reductions, or themes, were informed by ongoing data collection 

using constant comparison as different levels of codes emerge.  Data collection further 
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informed data analysis and future data collection.  Initial coding of patterns was reduced until 

theoretical saturation occurred and the data allowed five thematic findings to emerge from the 

data.   

The five themes were: teach, process, impasse, develop, and support.  The significance of 

each theme and its implication for practitioners and researchers were discussed and offered, 

respectively. 
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CHAPTER ONE: INTRODUCTION TO THE STUDY 

There are many ways to guide students toward a learning objective.  Two common 

methods are direct instruction and inquiry-based learning.  A common instructional method 

used in schools is direct teaching, a methodology that springs from an instructivist-orientation 

to teaching (Biggs, 1996).  Inquiry-based learning is based in constructivist theory.  Smith, 

Douglas, and Cox (2009) stated,  

A learning environment that is knowledge centered is designed based on an analysis of 

what we want students to know and be able to do as a result of the learning experience 

and helps students develop the foundational and enduring knowledge, skills and 

attitudes needed for successful transfer of this knowledge.  (p. 22)  

Pedagogical Choices 

Constructivism is the teaching theory upon which inquiry is based and can be traced 

back to Socrates (Anderson & Kanuka, 1999).  In the development of constructivist theory, 

Jean Piaget advanced the theory of cognitive development.  Piaget was of the opinion that 

learning was a scaffolded, iterative process that gathered small ideas and created larger and 

more powerful ideas as the learner matured (Smith, 2007).  Maria Montessori’s contribution 

was embodied in her belief that students could choose their subject and, in so doing, would 

succeed (Drake, 2008).  Lev Vygotsky’s Zone of Proximal Development furthered 

constructivist theory by stating the learners’ level of development lay at the intersection of 

unassisted problem solving and their potential deductive ability when working cooperatively 

(McLeod, 2012).  Ernst von Glasersfeld believed that learners created their own knowledge 

based on intrinsic ideas and experiences (Ashcraft, 2006).   
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From Socrates to von Glasersfeld, philosophers and educational theorists have 

advocated methods of instruction where instructors create learning environments in which 

students can build knowledge through the process of cognizing the subject through their own 

experiences and discoveries.  In an instructivist classroom, the learner is directed by the 

instructor to understand and interact with the world.  The instructor decides the scope and 

sequence of material.  Information flows from the knowledgeable authority to the passive 

learner and there is little room for self-discovery and internalization (Lucas, 2002).  The 

traditional teaching of science often involves the development of technical skills that keep 

learners “on task,” creating a teacher-centered classroom for the transmission of the teacher's 

expert knowledge to the passive-absorbing learners (Lim, Yeo, & Tan, 2005, p. 1).  Content is 

the focus of instruction, not the learner or experience of learning (Lucas, 2002).   

Another instructional orientation is constructivism.  “The overall objective is to 

improve the students’ ability to analyze and to solve problems, to alter the pattern of learning 

from one of ‘surface learning’ to one in which ‘deep learning’ is enhanced” (Wu, 2006, p. 

64).  “Constructivist learning is based on the principle that through activity students discover 

their own truths” (Cooperstein & Kocevar-Weidinger, 2004, p. 142).  Smart and Csapo (2007) 

defined “active learning as an approach to instruction that provides opportunities for 

interaction and involvement through controlled activities and instructional interventions” (p. 

452). 

Weiss et al. (2012) gave the following examples of this approach as “project based 

learning and hands-on activities, active learning, concept mapping, and student centered 

learning” (p. 502).  Constructivism is an effective way to disseminate information to learners.   
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Inquiry is an approach to learning that involves an exploration of the tangible world, 

which leads to the asking of questions, making discoveries, and testing those findings in the 

search for new perception (Exploratorium, 2015).  The practitioner focuses on “inquiry, by 

placing the learner in the center of a constantly increasing and continually altering web of 

connectivity” (Dalke & Franklin, 2007, p. 4).    

According to Dalke and Franklin (2009), inquiry-based science involves process-

oriented problem-solving methods.  Teachers facilitate students’ active participation as they 

create their own knowledge.  Many educators feel that inquiry teaching is most in keeping 

with the widely accepted constructivist theory of how people learn (Cobern, Shuster, & 

Adams, 2010).  “When people are actively engaged in learning that taps into their creativity 

and curiosity, they are engaged in changing” (McCombs & Miller, 2007, p. ix).  

Martin-Hansen (2002) described a pedagogical approach in her coupled inquiry model 

in which a) students are given “an invitation to inquiry”, b) then the teacher initiates a “guided 

inquiry” activity, c) after this the students start an “open inquiry” investigation, d) next 

student groups share and validate their findings in an “inquiry resolution” and, finally, e) 

assessment is made by posing a problem requiring application of student understanding of the 

core idea.  

The oppositional interplay of instructivism and constructivism as pedagogies for 

science teachers was at the center of this research project.   
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Rationale for Selecting the Topic 

A science-education reform took place in Connecticut in the early 1990s with the 

advent of the Connecticut Academic Achievement Test (CAPT) and associated inquiry 

laboratories that were part of the state assessment system (E. Buttner, personal 

communication, March 4, 2015).  In 2004, the State of Connecticut published the first 

“comprehensive set of grade-by-grade learning standards for K-12” (E. Buttner, personal 

communication, March 4, 2015).  In addition to these standards, the state developed 

curriculum-embedded performance tasks intended for use as classroom material that focused 

on inquiry skills to enhance learner percipience of the concepts in the science curriculum.  

New learner outcomes were assessed, beginning in 2008, with the piloting and subsequent 

adoption of the Connecticut Mastery Test (CMT), that was aimed at elementary and middle 

school students (E. Buttner, personal communication, March 4, 2015). 

Regardless of the effectiveness of inquiry-based learning for students (Allen et al., 

2008), many barriers to applying inquiry methods exist.  This research may add to the 

literature by examining how the reforms have influenced classroom methodology and 

administrative policy and whether this methodology is known, available, and used effectively. 

Statement of the Problem 

The purpose of this study was to explore the perspectives of practitioners of inquiry-

based instruction from 35 Connecticut (CT) school districts.  The source of the participants, 

CT State Science Assessment Advisory Committee, and their avocation bounded the research.   

Significance of the Research 

The potential benefit of this study may be to identify how inquiry-based instruction 

was being implemented in the sample schools in Connecticut, possible reasons for non-
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implementation, and the informing of policy and practice at the state and local levels.   An 

inquiry-based learning environment is student-centered and may allow for student self-

motivation and self-governance; these environments are technically difficult for teachers to 

design and implement but are vital to learning (Russell et al., 2003).   

It is difficult for teachers, new and old, to use instructional methods that are abstract in 

nature and do not have easily defined answers, such as inquiry-based lessons, but the 

inclusion of these skills may elevate teacher competency levels.  The tendency to include 

inquiry-based methods has the overall effect of engaging students in critical thinking and 

problem solving skills (Hakverdi-Can & Sönmez, 2012).  This research may identify best 

practices in employing inquiry strategies as well as possible roadblocks in inquiry-based 

learning implementations and subsequently help practitioners create workarounds for these 

problems. 

Brief Definition of Key Terms 

For the purpose of this study, the following key terms are defined as: 

Construct.  A construct is defined as specific goals as they relate to inquiry-based 

instruction (Gall, Gall & Borg, 2007, p. 466). 

Constructivism.  This is an epistemology (a learning, or meaning-making theory) that 

explains the nature of knowledge and how human beings learn (Ultanur, 2012, p. 196).   

Didactic.  Didactic instruction is defined as “teacher-centered and knowledge-

transmission which focuses on the transmission of knowledge as represented in curriculum 

and textbooks and student learning as passive receipt of knowledge, reinforced through drill 

and practice” (Nie & Lau, 2010, p. 412).   
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Inquiry.  Inquiry encompasses diverse ways to study phenomena in all subject areas 

through dialog, asking questions, proposing explanations based on empirical evidence (Shore, 

Birlean, Walker, LaBanca, & Aulls, 2009, p. 141).  Additionally, inquiry-based learning can 

be defined as “a research process that involves problem finding, asking questions without 

known answers, and discovering new knowledge” (Shore, Delcourt, Syer, & Shapiro, 2008, p. 

93).  For the purposes of this study, inquiry instruction is defined as the approach to learning 

that involves a process of exploring the natural or material world, and that leads to asking 

questions, making discoveries, and testing those discoveries in the search for new 

understanding (Exploratorium, 2015).   

Inquiry learning.  Inquiry learning can be defined as a process when “students learn 

content as well as discipline-specific reasoning skills and practices (often in scientific 

disciplines) by collaboratively engaging in investigations” (Hmelo-Silver, Duncan, and 

Chinn, 2006, p. 100). 

Learning.  Learning is a generative process of making meaning that builds on 

personal knowledge and social interactions.  This process may be stimulated by perceived 

dissonance.  Prior knowledge, context, and purpose play critical roles in the shaping of 

learning situations (Rafaela & Judith, 2002, p. 14). 

Performance based learning (PBL).  Use of performance based learning activities is 

an instructional method allowing students to learn through guided problem solving that 

centers on a complex problem that has many possible solutions; additionally, this process 

involves collaborative student groups working together to solve a problem, engagement in 

student-directed learning, applying their found knowledge to the problem, and eventual self-

reflection focusing on the content learned and the strategies used (Hmelo-Silver, 2004). 
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The National Research Council (NRC), in their 2002 report, stated that explanations 

must be explored through repeated observations of relationships between two variables or 

phenomena.  In this way, conceptual ideas can be created to describe the underlying scientific 

theory, or phenomena (Maxwell, 2004). 

Scientific inquiry.  This is the means by which students explore the natural world and 

posit explanations derived from evidence they have collected from experiential activities that 

develop knowledge and understanding of scientific ideas (NSTA, 2004). 

STEM education.  Science, technology, engineering and mathematics (STEM) 

education is an interdisciplinary approach to learning where rigorous academic concepts are 

coupled with real-world activity as students apply science, technology, engineering, and 

mathematics in contexts that make connections between school, community, work, and the 

global enterprise enabling the development of STEM literacy, and with it the ability to 

compete in the new economy (Gerlach, 2012, p. 4).  

Overview of Methodology 

Using a multiple case study design, data were gathered from 28 participants:  teachers 

n = 21, curriculum leaders n = 4, professional development experts n = 2, and state education 

advisor/ teacher preparation expert n = 1.  Each participant completed an online demographic/ 

inquiry utilization questionnaire.  Then, based on their answers, 12 participants took part in 

semi-structured interviews.  Thereafter five participants were given follow-up semi-structured 

interviews, and then two from this group were observed to clarify the phenomenon.  Artifacts 

such as minutes, PowerPoint presentations, and a reflexive journal were collected throughout 

the study.   
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An inductive approach to content analysis of data from the survey and interviews was 

used to explore constructs, themes, and patterns.  The study used triangulation, member 

checking, rich and thick description, and reflexive journaling to insure validity and reliability. 

Brief Review of Literature 

The research section included a summary of studies that attempted to explain what it 

meant to be an inquiry instructor, what the process of using inquiry instructional methods 

was, what impasses were encountered when using inquiry to teach science, what 

developmental scaffolding was in place to help foster inquiry instruction, and lastly, what 

additional supports were needed to enable teachers to successfully use inquiry in the 

classroom.   

Review Process  

At the inception of the research process, two sources of information were used:  

Google Scholar and the Western Connecticut State University (WCSU) Library page.  The 

WCSU Library page was accessed and articles and databases were used.  Once the databases 

were selected, the advanced search was chosen and the following parameters were chosen:  

full-text, peer-reviewed journals, references available, publication date was set from 1996 to 

the present, and PDF full text.  The publication date was chosen with a five-year window 

leading to the No Child Left Behind Act.  The resulting hits were assessed to determine their 

relevance to the present study.  The peer-reviewed studies were related to the phenomena and 

the themes and were given additional scrutiny.  Qualitative, quantitative, and mixed-methods 

studies were utilized to allow for thick and reliable supporting literature.  The retrieved 

literature assisted the researcher to understand current trends, issues, and theories as they 

pertain to the study’s objective and participants.  This process was continued for multiple 
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terms.  The most common search terms utilized were:  inquiry, science inquiry, modality, 

constructivism, inquiry continuum, science instruction, didactic instruction, inquiry design, 

cooperative teaching, and inquiry-based instruction.   

Framework of Research Design and Data Analysis 

The research design was based in case study, grounded in the work of Merriam 

(2009), and it borrowed lightly from Yin’s (1994) views.  In developing the study protocols, 

the researcher used Merriam’s (2009) constructivist steps to design a qualitative study as well 

as Yin’s post-positivistic data gathering tools.  In his paper on the use of data analysis, 

Kohlbacher expounded on the nature of case study as that encompasses a variety of methods, 

a “range of coverage,” and types of analyses (2006, p. 5).   

A grounded theory approach to data analysis was employed using the works of Corbin 

(1997), Glaser (1967), Stake (1995), and Strauss (1997). 

Literature as it Relates to Results 

The researcher organized the literature review in correspondence to Chapter four 

findings.   

Teacher.  The idea of teaching was of utmost importance in the study.  The focus in 

this section is of literature that described the experience of teaching science at different grade 

levels, the methods used to teach science, and inquiry in general.   

The claim of discomfiture on the part of elementary school science teachers is 

supported by the 2011 mixed-method study conducted by Milner et al. (2011) who looked at 

elementary teachers’ beliefs about teaching science.  The data showed that elementary 

teachers studied had low confidence (M = 1.97 compared to a maximum of 4) in their ability 

to teach science (Milner et al., 2011).  To further support this topic, the following topics were 
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examined in Chapter Two: teacher preparation regarding science content and methodology, 

perceived problems associated with inquiry instruction, lost time due to standardized testing, 

the nature of student engagement, perceived benefits and challenges of inquiry-based 

instruction, inquiry instruction effectiveness when compared to traditional instruction, the 

effectiveness of active learning, performance-based learning models, and student self-

regulation.  

Teaching.  This section focuses on the process of teaching as experienced by 

practitioners and in turn, by students.  Lee and Butler (2003) researched how to design 

effective inquiry tasks by transforming content, scientific thinking, and resources associated 

with scientists’ authentic practices into inquiry skills with predictive accuracy (Lee & Butler, 

2003).  The findings of this study led to the development of the following guidelines for 

science activities that utilize authentic student inquiry: (a) real world situations must track 

closely to present student understanding and curricular experience; (b) when developing 

authentic experiences content knowledge, the level of student scientific thinking, and 

available resources must be taken into account; and (c) some level of guidance must be given 

to students when tasking them with an inquiry learning goal (Lee & Butler, 2003).   

To further support this topic, the following topics were examined in Chapter Two: 

peer-to-peer interactions, student engagement, Next Generation Science Standards, parallel 

science and literacy education, the continuum of inquiry, and inquiry instructional models (5e 

and model-based learning).  The preparation and delivery of knowledge to learners is the 

objective of an educator, but often impediments get in the way of this dispersion.  

Problems.  The problem associated with delivery of knowledge to learners is the 

focus of this section.  Silverson (1993), with the U.S. Department of Education, wrote an 
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elementary science guide for the general populace.  She stated that science is and has been a 

low priority in elementary schools when compared to reading, writing, and arithmetic.  

Furthermore, she noted that science is not being taught in many elementary schools, “twenty-

eight percent of the fourth grade reported having science instruction about once a week or less 

frequently, and only about one half reported science instruction every day” (Silverson, 1993, 

p. 3).  This guide, published before No Child Left Behind (2002), painted a dire picture of 

science education in U.S. public schools.   

To further support this topic, the following topics were examined in Chapter Two:  

science instructional time and its relationship to standardized testing, teacher pre-service, and 

active-service science instruction, self-efficacy, science instructional confidence, professional 

development, impact of administrative oversight, educational acts, and relationship between 

inquiry instruction and standardized testing.  

Teacher improvement.  Professional development is used to increase teacher 

instructional effectiveness and can be delivered in two ways:  local on-site and state-funded 

off-site.  Supovitz and Turner (2000) studied what effective professional development 

required in fulfillment of the theoretical model of professional development (PD) design.  The 

researchers used National Science Foundation data for science teachers and principals from 

across the U.S.  The authors found that the amount of time teachers spent participating in 

professional development is strongly associated with teaching practice and analytical culture 

of the classroom.  In addition, the data showed that the level of content preparation the 

instructor had a large impact on practice and classroom practice (Supovitz & Turner, 2000).   

To further support this topic, the following topics were examined in Chapter Two:  

local professional development professional learning committees, effective professional 
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development requirements, impact of professional development on behavioral engagement, 

Next Generation Science Standards (NGSS) and its impact on PD design, and active versus 

passive professional development. 

Instructor support.  Lederman, Holliday, and Lederman (2012) analyzed a science 

professional development program in which a museum and university staff worked 

collaboratively using museum exhibits to create an experience, which supported teacher 

learning for content, pedagogy, and curriculum.  The researchers demonstrated that content-

based science exhibited increased collaboration between students and instructors, while they 

are engaged in viewing the exhibits (Lederman et al., 2012).  

To further support this topic, the following topics were examined in Chapter Two:  

consensus and long-term models of professional development programs (PD).  PD and its 

effect on inquiry use and retention of pre-service teaching views, in person and virtual peer 

collaboration, state and federal mandated science reforms, NGSx, practice-based professional 

development practices, and Next-Gen CT were the focus of the additional research.  

Summary 

In summary, the literature showed that inquiry-based instruction might allow students 

to perform at a higher level.  Special attention must be given when looking at the teaching 

experience, the process intrinsic to teaching in general and inquiry instruction specifically, the 

difficulty encountered when instructing using inquiry, the improvement of the craft of 

teaching and the reform movements at local, state, and federal levels.  The next section 

addresses, in depth, the theory and literature on which the study was based.    
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CHAPTER 2:  THEORY AND LITERATURE REVIEW 

This chapter provides the process used in the selection process for the literature review 

and the pertinent research related to the current study.  The research section included a 

summary of studies by researchers that attempted to explain what it means to be an inquiry 

instructor, what the process of using inquiry instructional methods is, what impasses are 

encountered when using inquiry to teach science, what developmental scaffolding is in place 

to help foster inquiry instruction, and what additional supports are needed to enable teachers 

to successfully use inquiry in the classroom. 

Review Process  

At the inception of the research process, two sources of information were used:  

Google Scholar and the WCSU Library page.  Google Scholar (GS) was used to survey what 

information was available and offered a starting point from which the researcher delved 

deeper using the library tools.  The GS search was customized by accessing setting and 

adjusting them as follows:  search articles with the exclusion of patents, but inclusion of 

citations, allowing 20 results per page, display only English results, result sorting was done by 

relevance, and time preference was from 1996 to the present.  The research was further 

refined by only including results with associated Portable Document Format (PDF) files.  

Google Scholar was found to be especially helpful in expanding on held beliefs and including 

as before unknown ideas and researchers.  The related article link that could be found when 

looking at the results was most helpful in this regard. 

In conjunction with GS, the WCSU Library page was used in the following manner.  

The WCSU Libraries page was accessed and articles and databases were chosen.  The 

education and educational psychology database was selected based on the recommendation of 
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the WCSU reference librarian.  Within this structure, the EBSCOhost Combined database 

(EBSCO) was chosen and the researcher subsequently decided to select all databases 

contained therein.  This inclusive choice was made in the hope of collecting more data at the 

expense of search time.  Once the databases were selected, the advanced search was chosen 

and the following parameters were chosen:  full-text, peer-reviewed journals, references 

available, publication date was set from 1996 to the present, and PDF full text.  Though most 

of the above choices are obvious, the publication date was chosen with a five-year window 

leading to the No Child Left Behind Act (NCLB, 2001). 

The researcher found that with the above limitations and using inquiry as the search 

term EBSCO returned 247,994 in order of relevance.  In an effort to fine-tune the search the 

following search criteria was added: academic journals, English as primary language, 

qualitative study, publication from 2002 to the present, and longitudinal studies.  This resulted 

in 2,354 hits.  Setting the subject major heading to science education further refined this.  This 

resulted in 95 hits.  From the initial results, the researcher eliminated literature in irrelevant 

categories (nursing attitudes, hospice coping methods, human females, and midwife 

expectations) and focused on the research found in the relevant remaining categories 

(teaching, teaching methods, teacher attitudes, classrooms, curriculum, and professional 

development) that related to the researcher’s purpose.  The resulting hits were assessed to 

determine their relevance to the present study.  

Lastly, the researcher assessed each of the remaining articles to decide how they could 

further ground the study.  The peer-reviewed studies that were related to the phenomena and 

the themes were given additional scrutiny.  Qualitative, quantitative, and mixed-methods 

studies were utilized to allow for thick and reliable supporting literature.  The found literature 
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assisted the researcher to find current trends, issues, and theories as they pertain to the study’s 

objective and participants. 

This process of was continued for multiple terms.  The most common search terms 

utilized by the researcher were: inquiry, science inquiry, modality, constructivism, inquiry 

continuum, science instruction, didactic instruction, inquiry design, cooperative teaching, and 

inquiry-based instruction.   

Theoretical Framework 

This dissertation was grounded in the theory of constructivism.  Constructivism is the 

teaching theory upon which inquiry is based.  The idea of constructivism is not new; it can be 

traced back to Socrates, who believed that there were basic conditions for learning that were 

in the cognition of the learner (Kanuka & Anderson, 1999).  In the development of 

constructivist theory, Jean Piaget advanced the theory of cognitive development.  Piaget felt 

that “the growth of knowledge is a progressive construction of logically embedded structures 

superseding one another by a process of inclusion of lower less powerful logical means into 

higher and more powerful ones up to adulthood” (Smith, 2007, p. 1).  Maria Montessori 

stated, “Leave the child free to make use of his powers, and he will show himself capable of 

success” (Drake, 2008, p. 28).  Vygotsky was best known for his theory of the Zone of 

Proximal Development.  Vygotsky furthered constructivist theory by stating “the distance 

between the actual developmental level as determined by independent problem solving and 

the level of potential development as determined through problem solving under adult 

guidance, or in collaboration with more capable peers” (McLeod, 2012, p. 1).  Ernst von 

Glasersfeld stated, “people build their own knowledge and their own representations of 

knowledge from their experiences and thoughts” (Ashcraft, 2006, p. 86).  Husen and 
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Postlethwaite (1989) summarize von Glasersfeld’s beliefs into two principles: (a) knowledge 

is not passively received, but actively built up by the cognizing subject; and (b) that the 

function of cognition is adaptive and serves the organization of the experiential world, not the 

discovery of ontological reality (p. 162). 

In the construction of a research question for this dissertation, the research considered 

how Connecticut stands in comparison to other states.  The National Assessment of 

Educational Progress (NAEP) scores from 2011 indicate that when looking at 8th grade 

science students’ performance that Connecticut rates were 23rd (see Figure 1) in the nation 

for performance on the standardized test.   

 

Figure 1.  NAEP Average Scale Score. 

Circa 2011, demonstrating Connecticut’s ranking amongst other states in 8th grade science 

performance (NAEP, 2016). 

 

When analyzing preparedness of students to perform science and engineering tasks, it 

was helpful to look at the science and engineering readiness index (SERI).  Connecticut 

ranked above average with a SERI score of 3.28, which ranked the state eighth in the nation 

(Melina & Tate, 2011).   

The design of this dissertation was based in the philosophical tenets of post-positivism 

and constructivism.  A discussion of this can be found in Chapter Three.  The next section of 
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the literature review dealt with empirical research and was conducted after data collection and 

analysis and is connected to the results of the study.  Preceding each of the finding 

segmentations was a truncated literature matrix highlighting key studies that had relevance to 

this study.  The full literature matrix can be found in appendix F. 

Literature as it Relates to Results 

The researcher organized the literature review in correspondence to how data emerged 

from the Chapter four findings.  An outline was created from the novel data found in the data, 

this skeletal framework was fleshed out, and explained in the following sections.  

Teaching as an Experience 

The theme of teaching was of utmost importance in this study.  This section explored 

literature that described the experience of teaching science at different levels, the methods 

used to teach science, and inquiry in general.  Key studies in support of the process of 

teaching are outline in Table 1. 
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Table 1  

Key Studies in Support of Teaching as an Experience 

Citations Purpose Sample/ Methods Findings/ Outcome 

Capps, D., Crawford, 

B., and Constas, M. 

(2012) 

To use of inquiry in 

classrooms 

n = 30; mixed 

methods. 

Few teachers were 

appropriately using 

inquiry but thought 

they were. 

Berg, A., and 

Mensah, F. M. 

(2014)  

To study identifies 

and explores the 

dilemmas 

experiences by 

three first grade 

teachers in teaching 

elementary school 

science.   

This study was 

carried out at an 

urban northeastern 

K-8 school.  n = 3 

qualitative. 

This comparative case 

study indicate teachers 

perceived tension 

between focusing 

instruction practice on 

science versus other 

subjects,& the way 

curriculum is used.   

Chen, Y. C., Hand, 

B., and Norton-

Meier, L. (2016) 

To investigate the 

various roles that 

early elementary 

teachers adopt 

when questioning. 

The mixed-method 

study was a follow-

up study to a 4-year 

PD program that 

emphasized an 

argument-based 

inquiry approach in 

three elementary 

teachers’ classes.  n 

= 31  

The findings imply 

that to promote 

student engagement, 

teachers should go 

beyond one single role 

for questioning and 

should play multiple 

roles to tackle 

different situations by 

considering student 

ownership of ideas 

and activities 

Furtak, E. M., Seidel, 

T., Iverson, H., and 

Briggs, D. C. (2012) 

To distinguishes 

between cognitive 

features of the 

activity and degree 

of guidance given 

to students. 

37 experimental and 

quasi-experimental 

studies from 1996 to 

2006; meta-analysis. 

The purpose of this 

review was to 

compare and contrast 

the effects that have 

been release of the 

National Science 

Education Standards 

(NRC, 1996).  The 37 

studies had a mean 

effect size of .50. 

 

 

(Continued)  
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Table 1  

Key Studies in Support of Teaching as an Experience 

Citations Purpose Sample/ Methods Findings/ Outcome 

Chan, K., Cheung, 

G., Brown, I., and 

Luk, G. (2015, June) 

To understand 

active and blended 

learning approaches 

to undergraduate 

education 

Undergraduate 

students (n = 1623) 

from a 4-year 

university.  

Quantitative.  An 

online survey with 

likert-type and non-

likert type questions, 

a questionnaire, and 

an additional survey. 

Understanding how 

active and blended 

learning approaches 

with learning 

technologies 

engagement in 

undergraduate 

education, current 

research models tend 

to undermine the 

effect of learners’ 

variations, particularly 

regarding their styles 

and approaches to 

learning, on intention 

and use of learning 

technologies. 

Brady, M., Seli, H., 

and Rosenthal, J. 

(2013)  

To establish how 

clickers influence 

metacognition and 

whether differences 

exist in how each 

response system 

influences 

metacognition. 

The participants 

consisted of students 

(n = 287) from a 

public university in 

the southwestern 

United States.  

Mixed method.   

The use of PowerPoint 

slides resulted in 

significantly better test 

results when compared 

to verbal review alone, 

and clicker technology 

resulted in 

significantly more 

correct responses than 

the PowerPoint slide 

review.   

 

 

 

 

 

(Continued)  
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Table 1  

Key Studies in Support of Teaching as an Experience 

Citations Purpose Sample/ Methods Findings/ Outcome 

Gutierez, S. B. 

(2015) 

To identify three 

challenges in 

implementing 

inquiry-based 

teaching in 

elementary school 

science education 

in the Philippines 

The participants (n 

= 6) of this study 

were elementary 

school science 

teachers, from a 

public school, who 

participated in a 

professional 

development 

program.  n = 6 

Qualitative. 

In this study, through 

interviews and post-

lesson reflections and 

discussions, three 

barriers to inquiry 

teaching were 

identified1) the lack of 

support, training and 

available inquiry-

based materials; 2) the 

overemphasis on 

assessing content 

learning rather than 

learning through 

inquiry; and 3) the 

misconception, 

difficulty, and time 

consuming nature of 

inquiry-based 

teaching.   
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The studies by Milner et al. (2011), Berg and Mensah (2014), Howe (2002), and 

Dolan and Collins (2015) considered the experience of educators and what was needed to 

create an effective learning environment.  

The claim of discomfiture on the part of elementary science teachers was supported by 

the following study.  In their 2011 mixed-method study, Milner et al. (2011) scrutinized 

elementary teachers’ beliefs about teaching science.  A random sample of 7,500 elementary 

teachers was mailed questionnaires.  Of those that responded to the survey (n = 502), 44 

teachers completed the open-ended question section and from that sample, 22 were 

interviewed via phone for semi-structured interviews.  The researchers realized that 7.2% of 

participants taught science between 0-1 days per week; 38.4% taught science two to three 

days per week; 51.4% taught science four to five days per week; and 3% taught science five 

days per week.  The data from the open-ended questions was used to create a subjective norm 

to inform the creation of interview questions.  It was found that elementary teachers studied 

had low confidence (mean = 1.97 compared to a maximum of 4) in their ability to teach 

science.   

Training of elementary teachers has a strong focus on numeracy and literacy rather 

than science.  In their 2014 study, Berg and Mensah (2014) identified and explored the 

experiences of three fifth grade teachers as they taught science.  The sample (n = 3) for the 

comparative case study was accessed from an urban northeast K-8 school; data for the study 

was acquired through observations, semi-structured interviews, and the subsequent data were 

coded in search of themes (Berg & Mensah, 2014).   

The researchers’ analysis indicated multiple tensions felt by instructors, they were:  

focusing on science pedagogy and other school subjects; the necessity of science instruction 
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and their lack of content knowledge; and finally, the innate tension deciding if curriculum 

should be used as a script, a supplement, a starting point, or not to be used (Berg & Mensah, 

2014).  Problematically, at a time when these students should be having greater exposure in 

their classrooms, their elementary teachers tend to have inadequate contextual and 

methodological knowledge in science leading to lack of in teaching science (Berg & Mensah, 

2014).   

Howe added to the literature in her 2002 qualitative study when she interviewed pre-

service educators (n = 13) over one academic year.  The sample for her study was accessed 

from a diverse and cosmopolitan city northeast city and collected data through assignments in 

in her class, interviews, and email communication artifacts (Howe, 2002).  The 

phenomenological analysis of data showed that teacher preparation should focus on learning 

as it pertains to children’s intellect, curiosity, and questions concerning natural phenomena 

(Howe, 2002).  

Dolan and Collin’s (2015) proposed that, to create an effective instructional 

environment utilizing active learning, the designer should use learning objectives.  In this 

journal article, the researcher posited that learning objectives should be used as anchors to 

focus learners when completing assignments and preparing for assessment (Dolan & Collins, 

2015).  The research findings showed that active learning demands students to think at a 

higher level, which could lead to frustration if they are acclimated to learning via 

memorization and recall.  In addition, it was found that authentic work instills real life 

struggles as well as skill acquisition (Dolan & Collins, 2015).   

Milner et al. (2011), Berg and Mensah (2014), Howe (2002), and Dolan and Collins 

(2015) demonstrated how the experience of educators could act toward creating an effective 
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learning environment.  Focusing on the aspect of teacher preparation regarding science 

content and methodology, Chen et al. (2016) and Furtak et al. (2012) examined teachers’ 

instructive role as it related to student performance and inquiry.  Chen et al. (2016) 

investigated the sundry roles performed by elementary teachers when teaching using 

argumentation as an instructional construct.  In their multi-case study, the researchers 

conducted a follow-up study focusing on the impact on instruction experienced by 

participants (n = 31) in a professional development program focused on argument-based 

inquiry instruction.  Data were primarily acquired through the video-taped observations of 30 

science lessons taught by three teachers over four consecutive years and then evaluated using 

constant comparison and enumerative coding (Chen et al., 2016).   

 Ownership of 
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Ownership of  Ideas  

Coach 

-Challenge 

-Elicit 
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- Exchange 

- Encourage Ownership of  
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Figure 2.  Ownership Framework.   

Framework for teacher roles of questioning from two combinations of ownership of ideas and 

ownerships of activities (Chen, Hand, & Norton-Meier, 2016, p. 23). 

 

The study findings led the researchers to deduce that, to promote student engagement, 

the instructor needs to employ multiple roles to tackle different situations when attempting to 

engender student ownership of ideas and activities.  Furthermore, when these multiple roles 
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are employed higher and more complex levels of student cognition occurred (Chen et al., 

2016).  The four possible roles of a teacher (Figure 2, above) as envisioned by the authors are: 

coach, participant, dispenser, and moderator (Chen et al., 2016).   

Inquiry instruction can be challenging to teachers.  A meta-study conducted in 2012 

by Furtak et al. (2012) delved into the perceived problems associated with inquiry instruction.  

This study introduced a framework for inquiry-based teaching that distinguished between 

cognitive features of the activity and degree of guidance given to students.  The design looked 

at 37 experimental and quasi-experimental studies on inquiry that took place between and 

including 1996 to 2006.  The purpose of the study was to analyze the impact of the National 

Science Education Standards (Furtak et al., 2012).  The researchers separated inquiry-based 

science teaching into cognitive and guidance dimensions and used this framework to arrive at 

a more nuanced understanding of the construct of inquiry-based science teaching for the 

sample of studies identified for inclusion (Furtak et al., 2012).  The mean effect size was .50, 

which strongly suggests that inquiry-based science teaching is effective. 

The examinations of teachers’ instructive role as conducted by Chen et al. (2016) and 

Furtak et al. (2012) confirmed that inquiry instruction is effective.  Further to the challenges 

posed by the actual teaching of science through inquiry, time is also being lost due to 

standardized testing and its associated preparation time.   

Standardized and high stakes assessment “constrains and routinizes the teacher 

causing them to violate their own standards of good teaching” (DeBoer, 2000, p. 595).  

Alarmingly, DeBoer (2000) found that the focus on testing has brought about a reluctance to 

work with student teachers and experiment with novel approaches if it throws off their 

teaching timetable.  When designing instruction, the teacher must decide if student 
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engagement will be passive or active in nature.  The following studies by Chan et al. (2015), 

Vateraus et al. (2012), and MacLaughlin et al. (2015) considered engagement regarding active 

and personalized instruction.  

Chan et al. (2015) published a study on how active learning approaches affect 

instruction.  The study utilized quantitative, online survey with 5-point Likert-type and non-

Likert type questions.  The questionnaires were administered to 1,623 undergraduate students 

from 39 courses at a 4-year university.  The mean age of participating students was 18.93 

years; with 30.44% of the study sample were freshmen (year-1 students) at age 17 or below.  

Furthermore, 67.1% were sophomores between ages 18-23 or below, and 2.46% were mature 

students, age 24 or above.  The study highlighted the long-term impact of active learning and 

student response systems in relation to student attention and engagement.  The researchers 

concluded that student response systems are essential for deep learning concerning 

collaborative learning and are considered a high-impact practice (Chan et al., 2015).   

In their quantitative study, Vaterlas et al. (2012) explored what influence interactive 

student assessments had on student recall and engagement.  The sample for this study was 

accessed from undergraduate participants (n = 287) who attended a southeastern public 

university.   

The design of the study was administration of three assessments, which were reviewed 

for in three ways:  exam one verbal review only; exam two used PowerPoint slides and verbal 

review; and exam three used PowerPoint slides, verbal review, and clickers; participants 

responded optimally to using the clickers (Vaterlas et al., 2012).  The results showed 

significantly better recall from participants when students used PowerPoint questions in 

association with clickers.  Overall, the researchers showed that utilization of PowerPoint 
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slides significantly affected student performance when compared to verbal review, and using 

clicker technology resulted in even better results (Vaterlas et al., 2012).    

In their 2014 article, McLaughlin et al. (2014) described how a basic pharmaceutics 

class was revamped in a flipped classroom style.  They described the efficacy of utilizing 

flipped classroom methodologies to better individualize and make relevant instruction.  The 

study had 150 participants with more than half being female (104), most (111) were white, 

many (121) had bachelor’s degrees, 131 of the 150 participants came from a STEM 

background, and the mean age was 23.91 (McLaughlin et al., 2014).  This quantitative study 

found collected data using pre- and post-modification surveys.  The modification was to 

record lectures and up-load so learning progressed students’ pace (McLaughlin et al., 2014).   

The content was assessed with instruments that were designed to have thinking that is 

more critical and problem solving aspects.  Flipped instruction was shown to significantly 

increase final exam grades when compared to a typically instructed class (McLaughlin et al., 

2014).  Moreover, the work of Chan et al. (2015), Vateraus et al. (2012), and MacLaughlin et 

al. (2015) verified the effectiveness of active, not passive, instruction.  

In relation to the misconceptions surrounding inquiry learning, the work of Gutierez 

(2015), Mumba et al. (2015), and Hayward and Larsen (2014) are relevant.  In Gutierez’s 

2015 study on collaborative professional learning, he identified three challenges in the 

implementation of inquiry-based science teaching in elementary schools.  Six elementary 

school teachers were chosen by their school administrators to participate in the study based on 

participation in a professional development program and availability during summer.  This 

qualitative case study examined a five-day 40-hour professional development program 

intended to increase elementary inquiry science effectiveness (Gutierez, 2015).   



 27 

The researcher, through interviews, post-lesson reflections, and discussion, found 

three barriers to inquiry teaching:  lack of support, training, and available inquiry based 

materials; overemphasis on assessing content learning rather than learning through inquiry; 

and the perceived difficulty and time consuming nature of inquiry-based teaching (Gutierez, 

2015). 

The research conducted by Mumba et al. (2015) contributed to the literature by 

examining teachers’ perceived benefits and challenges related inquiry-based instruction.  Not 

only did the study look at the perceive benefits and challenges of inquiry-instruction to 

chemistry classes, but also sought to determine these teachers’ knowledge of inclusion 

teaching methods (Mumba et al., 2015).   

The sample for the study consisted of 61 chemistry instructors from different districts 

across the U.S.  The commonality and reason for inclusion of these educators was their 

enrollment in an online education course at a mid-western university (Mumba et al., 2015).  

The 61 participants (32 male and 29 female) ranged in experience from five to 25 years with 

45 of the educators holding master’s degrees or higher (Mumba et al., 2015).   

This qualitative study was designed to consist of a two-part process.  The first section 

of the four-part questionnaire was open ended and asked for participants’ perception of 

benefits and challenges of inquiry in an inclusive classroom.  This was followed by Likert-

like questionnaire asking the same (Mumba et al., 2015).  The researchers uncovered that 86% 

teachers strongly agreed that inquiry promotes the development of problem solving skills 

among students, 57% strongly agreed that students learn scientific procedures and design, 

85.7% agreed that inquiry motivates students to learn, 100% agreed that inquiry provides a 

variety of activities, and inquiry enhances students’ confidence (Mumba et al., 2015).    
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In their cumulative evaluation of the inquiry-based learning (IBL) methods workshop 

series, Hayward and Laursen (2014) supported the idea of preconceived ideas of inquiry being 

time consuming, yet motivating and worthwhile.  The sample for the study was selected from 

the 167 workshop participants who represented a large teaching cross section with new 

untenured educators to those with more than 20 years’ experience with the commonality that 

many expressed high motivation and belief in inquiry methods (Hayward & Laursen, 2014).  

The participants (n = 112) that the researchers reported on were those who completed a one-

year later survey (Hayward & Laursen, 2014).  The methods used in this study were online 

pre-workshop surveys, in-person post workshop surveys, and online follow-up surveys one 

year after workshop (Hayward & Laursen, 2014).   

The data showed that pre-workshop concerns about IBL in-depth methods were lack 

of time making, which resulted in difficulty covering required material, low student buy-in, 

and lack of instructor IBL skills (Hayward & Laursen, 2014).  Participants also suggested that 

these difficulties could be remedied by increased departmental support, additional IBL 

professional development, and mentors for new instructors (Hayward & Laursen, 2014).   

The research of Gutierez (2015), Mumba et al. (2015), and Hayward and Larsen 

(2014) support the fact that there are many misleading ideas and counterproductive beliefs 

surrounding the notion of inquiry instruction.  Inquiry learning is an active mode of learning 

and even with student buy-in; its success is difficult at best.  This idea of student buy-in and 

engagement is supported by Edwards’ (2016) study.   

In this study, the researcher looked at the how inquiry-oriented learning was 

incrementally applied in a second-year zoology practical session with the aim of moving from 

a teacher-led to student-led activity (Edwards, 2016).  The sample of students (n = 81) was 
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denoted by the makeup of students in a 200 level 2014 zoology class at University of 

Tasmania (Edwards, 2016).  The study’s qualitative design used a pre- and post-

implementation survey about perception, motivation, and engagement (Edwards, 2016).   

The activity consisted of students being given an overarching question and a specimen 

but no instruction or diagrams; they worked in small groups (three to four) and discussed how 

to proceed; these small group ideas were then shared in a whole class setting and 

modifications were made for content and methods and the class conducted the activity 

(Edwards, 2016).  At the conclusion of the laboratory event, an anonymous, voluntary Likert-

like survey was given focusing on the same topics as the pre-survey: perception, motivation, 

and engagement (Edwards, 2016).  The finding was that the only difference was in the open 

comment section.   

The survey had a 90.1% response rate; the data showed that 70% of respondents 

agreed that they would like more practicals designed this way; 79.4% enjoyed the freedom to 

explore, and 67.1% responded positively about the idea that there was no right or wrong 

approach (Edwards, 2016).   

In addition, 80.8% of learners enjoyed the challenges that came with the freedom to 

explore, 74.5% reported being more engaged than usual, 63% felt it was easier than normal to 

stay focused, 64% did not skip over the difficult parts, and 64% were happy to be challenged 

(Edwards, 2016).  Interestingly, 72.6% of respondents stated that they interacted more with 

their classmates, 68.6% stated that these activities were more helpful than previous practical 

activities, and 61.6% were better able to make links between the hands-on experience and 

existing theoretical knowledge when compared to more traditional classes (Edwards, 2016).  
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Overall, the researcher found her students were more successful, more engaged, and felt a 

better connection with the instructional material. 

The studies conducted by Songer, Lee, and Kam (2001) and Lindskoog (2014) 

described the impact that standardized test preparation has on class instruction.  The purpose 

of this study by Songer et al. (2001) was to examine patterns in classrooms, use of curriculum, 

and examples of students learning.  The sample (n = 6) for the study was accessed from 

Detroit Public Schools, which were ethnically diverse in that 42% of the classrooms consisted 

of a 50% or greater minority makeup; five of the six teachers came from neighborhood 

schools and one from a math and science magnet school.  Of the six teachers, only three had 

science content courses that supported science teaching (Songer et al., 2001).   

The primary data sources for the qualitative data in this study were written pre- and 

post-content assessment, class observation forms, and teacher post interviews as the primary 

data sources (Songer et al., 2001).  The data showed specific restraints in the following form:  

inadequate preparation time to plan and reflect; inadequate space, equipment, and materials; 

low level of science content and technology training; large class size; high teacher/student 

mobility; limited instructional freedom due to pressure to perform on high-stakes tests; large 

class size; lack of administrative support, and unreliable internet connections (Songer et al., 

2001).  Songer et al. (2001) stated  

Our teachers are experiencing reduced instructional freedom over time, in part, as a 

result of the increased demands related to high-stakes testing and the need for 

increasing amounts of test preparation activities that take away from time for inquiry 

science or other in-depth investigations (p. 10).   
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Positive aspects of the inquiry were based on program relevance, learning benefits for 

all students, and student enthusiasm toward learning (Songer et al., 2001).  

Lindskoog (2014) looked at elementary teachers’ perceptions of high stakes testing 

and accountability (HSTA).  The purpose of her study was to examine elementary teachers’ 

perception of HSTA before an intervention and if participation in intervention changed their 

perception (Lindskoog, 2014).  The sample for this study was a large suburban school district 

in the Southeastern U.S. in which 64 schools and all their fifth-grade teachers (n = 358) 

participated; the mean teaching years for the group was 12 years and the average number of 

undergraduate science courses was 4.69 (Lindskoog, 2014).   

This quantitative study involved teachers completing questionnaires and background 

forms.  This data were analyzed using longitudinal multilevel modeling.  The results showed 

that teachers perceived standards positively and the impact of HSTA on teaching practice as 

negative (Lindskoog, 2014).  Both the studies of Songer, Lee, and Kam (2001) and Lindskoog 

(2014) found that high stakes testing has a negative impact on teacher instruction and student 

learning.  

The research of Nie and Lau (2010), Morrison (2014), Ross (2016), and Capps and 

Crawford (2013) examined the effect of the type of science pedagogy utilized by instructors.  

The authors looked at inquiry instruction and its effect when compared to traditional 

instruction.  In this body of research, didactic instruction was defined as teacher-centered 

knowledge-transmission that focuses on information “as represented in curriculum and 

textbooks and student learning as passive receipt of knowledge, reinforced through drill and 

practice” (Nie & Lau, 2010, p. 412).  Nie and Lau investigated how constructivist and didactic 

instruction was related to students’ cognitive, motivational, and achievement outcomes in 



 32 

English classrooms.  Their study utilized a large (n = 3000) sample of grade nine students 

from 39 schools in Singapore.  The mixed-method study used two pilot activities one pre-

interview, an online questionnaire, and an in-class questionnaire (Nie & Lau, 2010).  Based 

on the findings, the authors posited that those exposed to inquiry showed deep processing 

strategies, higher self-efficacy, found more value in their assigned tasks and overall 

achievement when compared to didactic instruction (Nie & Lau, 2010).   

In his description of the redesign of undergraduate science curriculum at Western 

Sydney University, Ross (2016) explained how research-led inquiry could be used as a 

unifying pedagogy.  “Academics are finally abandoning pedagogies and practices aimed at 

transmitting expert content, instead moving towards pedagogies which engage students 

through research-led inquiry and authentic problem solving” (Ross, 2016, p. 1).  Ross 

described how this metropolitan university shifted from step-by-step confirmation laboratory 

activities to inquiry-based activities.  The instructors experienced academic discomfort with 

open-ended instruction, curriculum review, and shifting university priorities, but overall the 

move led to better student performance (Ross, 2016). 

Capps and Crawford’s 2013 study explored whether science teachers were using 

inquiry in their classrooms.  In this mixed methods study, the researchers investigated the 

views and practices related to inquiry and nature of science (NOS) of a group of highly 

motivated and qualified teachers from across the U.S.  The sample of 30 teachers was selected 

from a sample of 120 fifth through ninth grade teachers.  The selection was based on 

credentials, experience, administrative support, and willingness to participate in the study 

(Capps & Crawford, 2013).  The final participant number was (n = 26) based on completed 

data sets.  These participants had an average of 11 years of teaching experience, at least 12 
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college science courses, and at least 3 professional development experiences in science.  In 

addition, all the teachers were certified and all held, or were working toward, their master’s 

degrees (Capps & Crawford, 2013).   

The qualitative data were attained through lesson descriptions, classroom 

observations, and/ or videotape data, questionnaires, and semi-structured interviews to assess 

teaching practice, views of inquiry and nature of science by teachers (Capps & Crawford, 

2013).  The researchers found that few of the teachers were teaching using inquiry or about 

the nature of science, although there was evidence that showed that the teachers thought that 

they were using inquiry, even though they were not (Capps & Crawford, 2013). 

Inquiry instruction, the focus of this study, was defined as “an approach to learning 

that involves a process of exploring the natural or material world, and leads to asking 

questions, making discoveries, and testing those discoveries in the search for new 

understanding” (Exploratorium, 2015).  Nie and Lau (2010), Morrison (2014), Ross (2016), 

and Capps and Crawford (2013) showed that when inquiry based instruction is used correctly, 

it raises student performance, self-valuation, and causes pedagogical shifts at the higher 

education level.  However, few teachers are using inquiry in their classroom, if they are, it is 

often done incorrectly. 

Inquiry was discussed in Chapter 1 going from theoretical to teaching method to 

student experience.  The following articles by Freeman et al. (2014), Lombardi et al. (2014), 

Carbonneau and Marley (2013), and Varelas et al. (2014) focused on the impact and relevance 

of hands-on learning.   

The purpose of Freeman et al.’s (2014) study was to determine whether lecturing 

maximizes learning and course performance when compared with hands on learning.  The 
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researchers conducted a meta-analysis of 225 studies that reported on examination scores as 

well as failure rates when comparing student performance in undergraduate related STEM 

course in relation to lecture (didactic) versus active learning (Freeman et al., 2014).   

The findings were that active learning increased examination performance by a half 

standard deviation and that lecturing increases failure rates by 55% (Freeman et al., 2014).  

The analysis conducted by the researchers showed that these increases remained constant in 

all STEM disciplines as well as all class sizes, course types, and course levels.  Noteworthy is 

that active learning is especially helpful in small classes and elevating performance on 

criterion-referenced tests (Freeman et al., 2014).  

The manipulative aspect of hands-on learning was investigated by Lombardi et al. 

(2014) in their study of the  impact of three commonly used cardiovascular model-assisted 

activities on student learning, student attitudes, and perspectives on science.  The sample was 

made up of a mixed (n = 29) group of undergraduate students (22 women and seven men).  

The students were divided into three treatment groups, 13 for organ dissection, eight for 

virtual dissection, and eight for plastic models (Lombardi et al., 2014).  The methodology for 

this mixed methods study was random assignment of students to the three treatments.  Each 

group received 15 minutes of lecture followed by 45 minutes of the actual activity.  

Immediately following the activity, students were tested on anatomy and physiology 

knowledge as well as an attitude survey.  The same instruments were administered two 

months later (Lombardi et al., 2014).   

The conclusions were that students who used the plastic models (hands-on, 

manipulative models) achieved significantly higher overall scores on both assessments when 

compared to the organ and virtual dissections.  Those that took part in the organ dissection 
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perceived this activity to be higher than the comparable virtual dissection, and, these students 

were more likely to think that science was an enjoyable activity rather than a necessary 

component of instruction (Lombardi et al., 2014).   

The meta-analysis conducted by Carbonneau et al. (2013) examined empirical 

evidence regarding manipulative use during mathematics instruction by comparing instruction 

with manipulatives to control conditions when math instruction was provided with only 

abstract math symbols.  The sample for the analysis was 55 studies with a large number (n = 

7237) of K-12 student participants (Carbonneau et al., 2013).  The researchers found 

statistically significant results with small to moderate effect size when using manipulatives 

compared to abstract symbols.  Separate analysis was conducted for retention, which showed 

moderate to large effect in favor of using manipulatives (Carbonneau et al., 2013). 

Varelas et al. (2014) examined opportunities for reasoning and meaning making that 

read-alouds of children’s science books and related hands-on exploration offered third grade 

students.  The sample (n = 29) for the study was the teacher and 28 third grade students; the 

teacher had six years of teaching experience; except for one student, all the students (14 boys 

and 14 girls) were Latina/o.  The class was taught in English (Varelas et al., 2014).  The 

researcher used a qualitative framework to interpret classroom discourse, writing, and 

drawing during five instructional days that focused on earthworms (Varelas et al., 2014).  The 

researchers found that the use of literature and hands-on activities worked together to deepen 

the students’ understanding and significantly influence the student experience (Varelas et al., 

2014). 

Taken together, the work of Freeman et al. (2014), Lombardi et al. (2014), 

Carbonneau and Marley (2013), and Varelas et al. (2014) lends credence to the notion that 
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hands-on instruction increases examination performance, increase understanding and interest, 

as well as improve the overall student experience.  In addition to this, it was found that 

courses with a lecture format could cause failure of participants. 

The average American student is required to attend school between 177.5 days or 950 

hours (Hull & Newport, 2011).  This limits the time and way in which they are exposed to 

different topics, one of the methods of exposure is a long-term project.  The following works 

by English and Kitsantas (2013), Ginorio, et al. (2004), and Karaçalli and Korur (2014) 

explores this topic using different modalities. 

English and Kitsantas developed a theoretical model that described specific learning 

characteristics and pedagogy that have been proven to develop student responsibility for 

learning in each phase of performance based learning (PBL) with the aim of giving instructors 

guidance for creating self-regulated learning (SRL), while performing PBLs (English & 

Kitsantas, 2013).  The model created had three phases:  project/problem launch is the phase in 

which learner gains an understanding of essential question; the learning goals and their 

essential learning; guided inquiry and product/solution creation in the phase in which 

activities include iterative cycles of data attainment, internalization, reflection and testing 

findings, and revising as needed.  The conclusion is the phase in which students reflect on the 

product, process and if expectations were met (English & Kitsantas, 2013).  This model-

scaffolded project based learning effectively. 

Ginorio et al. (2014) conducted a qualitative study on a 1998 program with the 

purpose of raising interest in science among high school girls in rural Washington State.  The 

sample accessed in this study involved girls (n = 73) from 16 schools.  These were selected 

based on being part of the “invisible middle”—little to no interest in science and of average 
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academic performance.  The girls were predominantly of Latina or Native American heritage 

(Ginorio, et al., 2004).   

The methodology behind this project/ program was a two-week residential camp in 

association with University of Washington that involved the girls, their science teacher, and 

the associated administrators; a yearlong school based community focused research project 

with work being performed after school in addition to core curriculum; and an overarching 

state wide event that involved speakers, student work exhibits, and student/staff run projects 

(Ginorio, et al., 2004).  A series of follow-up interviews took place six years later that focused 

on science interest and self-valuation with the researchers realized that the projects enabled 

students to envision themselves as scientists (Ginorio, et al., 2004).   

The researchers found that there were five keys to success:  research was directly 

connected to student interest and community issues; the research engaged the learners in the 

scientific process; the research process tapped into expert advice and guidance (University of 

Washington graduate students acted as mentors); the research was non-competitive and 

collaborative; and there was wide-spread (teachers, administration, community members, and 

families) support (Ginorio, et al., 2004).   

The aim of the quantitative study by Karaçalli and Korur (2014) was to analyze the 

effect of project based learning on students’ academic achievement, attitude, and retention of 

knowledge.  The sample accessed by the researchers consisted of 143 fourth grade students 

from the Konyaalti district of the province of Antalya, Turkey.  The sample consisted of 59 

female students and 84 male students who were partitioned into 70 students in control and 73 

students in the experimental group (Karaçalli & Korur, 2014).  The methodology of the study 

was a quasi-experimental in design, composed of a pretest and post-test.  The experimental 
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group was taught using project based learning methods in opposition to the control group 

being taught using traditional didactic instruction (Karaçalli & Korur, 2014).   

The result was a statistically significant effect on academic achievement, (F(1,112) = 

46.78, p = .000) and of retention of knowledge (F(1,112) = 35.24, p = .000) in favor of 

performance based learning (Karaçalli & Korur, 2014).  The findings indicated that students 

can construct their own learning and to evaluate their own behavior using performance based 

learning (Karaçalli & Korur, 2014). 

The combined works of English and Kitsantas (2013), Ginorio et al. (2004), and 

Karaçalli and Korur (2014) support the use of and the importance of long-term projects.  The 

following research considers student centered and controlled learning. 

Attaining and maintaining control of one’s own learning is a powerful means of 

engaging students.  The following work by Pintrich (2003), English and Kitsantas (2013), and 

Haraldseid, Friberg, and Aase (2015) offer evidence toward the important of motivation, self-

regulation, student-centered learning environment, and student controlled environments. 

The work of English and Kitsantas (2013) was described above and dovetails in this 

section in the discussion of self-regulated learning (SRL).  English and Kitsantas posited that 

student success when performing PBL’s was dependent on their SRL skills.  The researchers 

stated that these skills develop over time when fostered in a structured environment with 

opportunity for autonomy.  To be successful, while performing PBLs, students must be skilled 

in self-regulation.   

English and Kitsantas’s research in 2013 proposed that SRL develops slowly over 

time when fostered in a structured environment with opportunity for autonomy.  Student 

regulated learning is an important habit and a critical skill in social interactions and 
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underdevelopment or absence can pose an obstacle to learning, problematically research 

shows that many students do not know this skill (English & Kitsantas, 2013). 

The 2015 work of Haraldseid, Friberg, and Aase explored student perceptions of their 

clinical skills laboratories (CSL) learning environment and with the aim to increase the 

knowledge base to improve CSL learning conditions, while identifying the most important 

environmental factors according to students.  The study sample consisted of 19 (n = 19) 

second-year student Norwegian nursing students; eight of the students were part-time and 

eleven were full time (Haraldseid et al., 2015).  The study format was a qualitative case study 

utilizing focus group interview.  The study analyzed the student experience as it pertained to 

the physical, psychosocial, and organizational factors that affect the CSL environment 

(Haraldseid et al., 2015).   

From the data analysis, the researchers showed that an authentic student designed and 

governed environment in conjunction with facilitation of self-student motivation led to a 

learning environment that was more conducive to learning.  The researchers also found that 

providing varied and multiple hands-on experiences were an important part of the clinical 

skills learning environment (Haraldseid et al., 2015).  Pintrich (2003), English and Kitsantas 

(2013), Kane (2015), and Haraldseid et al. (2015) offered findings that support the importance 

of student self- regulation, student-centered learning environment, and student-controlled 

environments. 

The effects of investigating and verification of how a concept or device works through 

inquiry is explored in the following research by Ding (2014) and Hong et al. (2014).  In 

Ding’s study, he searched for the causal influences of reasoning skills and epistemologies on 

physics students.  The sample for this study was first year students (n = 167) being taught 
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calculus based mechanics at a research University in eastern China; the course was a 

requirement for graduation (Ding, 2014).   

The researcher used three instruments to look at student reasoning skills, 

epistemological views, and learning gains on Newtonian skills; the format of instruction 

consisted of three one hour long lectures and a one hour recitation period (Ding, 2014).  The 

researcher found that two factors influence conceptual learning for the students:  preexisting 

scientific reasoning skills and epistemological beliefs (Ding, 2104). 

Hong et al. (2014) conducted a study that sought to develop a “prediction-observation-

expectation” (POE) inquiry-based learning mode to teach science concepts using the iPad 2.  

The sample for the study was composed of 96 participants (n = 96) and was made up of 

44.4% female and 55.6% males.  Of this sample, 66.7% of the participants had previous 

experience using digital learning software designed for iPad (Hong et al., 2014).  The 

methodology the researchers used was to direct the participants to visit the POE program on 

the iPad for 15 minutes a week, eight times, over a two-month period in an elementary 

computer lab.   

The participants were allowed to freely explore scientific concepts, but they were not 

allowed to discuss them with each other.  At the end of the two-month period, they were 

asked to complete a survey (Hong et al., 2014).  The results of the qualitative portion of this 

study were that staying on task was related to learning interest and that learning interest was 

related to how interested the participant was in the activity (Hong et al., 2014).  The 

researchers concluded that participant levels of on-taskedness when taking part in a novel 

activity will impact the participants’ immediate level of engagement, as well a future benefit 

and enjoyment of the application (Hong et al., 2014). 
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Ding (2014) was looking for, and verified, a relationship between epistemological held 

before and after instruction when examining a traditional eastern Chinese university.  Hong et 

al. (2014) determined the impact of a device on learning outcomes of 6th grade students as 

related to staying on task and sustained interest. 

There are misconceptions present related to what inquiry is and how it can be used in 

education.  Concannon et al. (2013) and Barron and Darling-Hammond (2008) explored these 

phenomena in the following studies.   

Concannon et al. (2013) investigated conceptions regarding science theories before 

and after instruction with special focus on misconceptions about scientific theories and what 

strategies could be used to promote conceptual change.  The sample consisted of pre-service 

teachers (n = 35) from a small liberal arts college in the mid-western U.S. enrolled in an 

elementary science methods course.  The researchers conducted the experiment for four 

consecutive years in order to obtain a large enough sample (Concannon et al., 2013).  The 

teacher candidates completed the survey at the beginning of the course and then again at the 

completion of the course (Concannon et al., 2013).   

They found that, as conceptual change occurs misconceptions about theories cease to 

exist, students who did not have instruction maintained incorrect ideas, instruction did not 

increase amount of incorrect ideas.  Finally, students who received direct instruction had less 

understanding of scientific ideas when compared with those who participated in lessons 

designed to cause a conceptual change about science theories (Concannon et al., 2013).  

Barron and Darling-Hammond (2008) sought to expand on the benefit of inquiry-

based learning through project-based learning.  This source was a book that was heavily 

endowed with meta-analysis.  There was strong evidence that inquiry-based, collaborative 
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approaches to learning had a benefit in the learning of both individuals as well as collective 

knowledge growth.  The researchers found that inquiry based instruction and assessment can 

be difficult for educators without appropriate time (Barron & Darling-Hammond, 2008).  The 

researchers also found that, without the time and community support, misconceptions about 

the purpose of the inquiry-based instruction start to occur changing from “doing with 

understanding” to “doing for the sake of doing” (Barron & Darling-Hammond, 2008, p. 12). 

Concannon et al. (2013) and Barron & Darling-Hammond (2008) found that 

misconceptions decrease as knowledge about inquiry increase.  Furthermore, collaborative 

inquiry activities increase the participants, and the groups’, overall knowledge. 

The works of Manlove et al. (2006), Pandey et al. (2016), Capps (2013), and Wade et 

al. (2012) considered the challenges of collaborative work, effectiveness of inquiry versus 

conventional instruction.  These researchers focused on the challenges and benefits of 

authentic inquiry-based instruction. 

In the study conducted by Manlove et al. in 2006, an online tool, designed for student 

self-regulation, was studied to determine its impact on learning during collaborative inquiry.  

The researchers based their experiment on the premise that “highly regulated learners 

organize their goals hierarchically,” but few high school students engage in these activities 

during collaborative inquiry learning activities (Manlove et al., 2006, p. 89).  The sample for 

this study, which took place in Twente, The Netherlands, was composed of high school 

students (n = 61) aged 16-18 (Manlove et al., 2006).   

The experiment lasted for a total of three weeks, with three classes per week—nine 

classes.  The first lesson introduced the online tool as well as an introduction to modeling and 

then asked students to create an individual model.  Thereafter they worked for two classes in 
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inquiry groups to create a common model, and then the students were given a new modeling 

task.  One half of the group was given cooperative working procedures and the other was not 

(Manlove et al., 2006).  

Manlove et al. (2006) found that:   

1. Students using the self-regulation tool created higher quality models, because they 

were using the tool as a cognitive guide.  This use negated the need for continual 

discussion and compromise allowing them to focus on quality and improvement 

instead of initial creation. 

2. The least successful groups deferred to the expertise of an individual in the group, 

which allowed for creation but little reiteration and subsequent improvement.  

3. Note taking, when viewed as a self-regulation tool, is more successful than an 

online based program (Manlove et al., 2016).   

This study showed the effectiveness of self-regulation as a means to structure and model 

student interactions, thus reducing the challenges inherent in inquiry activities.   

Pandey et al. (2016) conducted research on the effectiveness of inquiry vs. 

conventional teacher instruction at the secondary level of physical science instruction.  The 

sample for the study was comprised of 56 boys and 44 girls (n = 100) from a secondary 

school in Jamshedpur, Jharkhand, India that was randomly separated into 50 control and 50 

experimental students (Pandey et al., 2016).  The method used for this quantitative study was 

to randomize groups and use a pre-and post-test experimental design as performance measure 

of the two groups for a semester (Pandey et al., 2016).   
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Figure 3.  Comparison of mixed sex experimental group with mixed control group.   

This figure illustrates the effectiveness of inquiry instruction versus traditional instruction.  

(Pandey et al., 2016, p. 18) 

 

The study found that the teaching of physical science through inquiry is more effective 

than teaching using conventional methods (See Figure 3 above).  The analysis of the data 

found a significant difference at the 0.05 level between experimental group students (Boys + 

Girls) and control group students (Boys + Girls) (Pandey et al., 2016, p. 12).   

This study, in conjunction with the previously described 2013 study by Capps and 

Crawford on inquiry use and effectiveness, describe the profound effectiveness of inquiry 

instruction methodology.  The works of Manlove et al. (2006), Pandey et al. (2016), and 

Capps and Crawford (2013), identified the value and effectiveness of collaborative work and 

inquiry instruction. 

In closing out this section on the experience of teaching, Wade et al. (2012) outlined 

the challenges and benefits associated with authentic inquiry based instruction as experienced 

by teachers in the role of learners, not instructors.  The sample for this research project was 

secondary science teachers (n = 13) who participated in the research experience for teachers 

(RET) for six weeks over three consecutive years at Clemson University, South Carolina.   
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The participants were randomly placed in groups led by faculty and graduate students, 

during this time the learners developed lessons, which incorporated authentic real world 

experiences, based on their districts’ standards (Wade et al., 2012).  There were two sources 

of qualitative data for the study:  exit interviews conducted at the end of the six-week program 

and the second source was the field notes taken by a research team trained in the observation 

of science and math teachers (Wade et al., 2012).   

These themes emerged:  teachers and students experience the same frustration levels 

when participating in inquiry-based; connecting research to inquiry experiences is essential 

for science students; participating in inquiry-based instruction as a learner makes the teacher 

empathetic and more effective as an instructor; recognition of time and resource constraints 

through experience created a more realistic final lesson for the student;; and better 

comprehension of science and engineering principles through the creation and performance of 

inquiry-based learning activities by the participants (Wade et al., 2012).   

This section showed how the experience of teaching has an impact on educators as 

well as students.  In particular, it was shown that inquiry teaching is a challenging, sometimes 

difficult, method but it is an effective and valuable part of instructive pedagogy.  Key studies 

in support of the process of teaching are outlined in Table 2. 
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The Process of Teaching 

Table 2  

Key Studies in Support of the Process of Teaching 

Citation Purpose Sample/ Methods Findings/ Outcome 

Wade, C., 

Benson, L., 

and 

Switzer, D. 

(2012, 

March) 

To explore the 

experience of 

secondary 

science teachers 

in a six-week 

summer Research 

Experience for 

Teachers (RET) 

program. 

Teachers participated in 

the RET program over 

the course of three years 

at Clemson University, 

South Carolina.  The 

thirteen of these 

participants who are 

secondary science 

teachers are the focus of 

this paper.  Participants 

worked with faculty and 

graduate students on 

research projects for six 

weeks during the 

summer and developed 

instructional.  Data came 

from exit interviews and 

qualitative data was the 

field notes n = 13.   

The secondary science 

teachers developed a deeper 

understanding of inquiry-

based learning through their 

research experience and of 

inquiry based instruction 

through developing an 

instructional module.  The 

complex research projects 

reminded teachers of the 

difficulty of making sense of 

complex information and 

allowed them to identify with 

their students’ struggles with 

inquiry.  The STEM research 

made teachers more aware of 

the need to stay current with 

research in the field. 

Greenleaf, 

C. L., 

Litman, C., 

Hanson, T. 

L., Rosen, 

R., 

Boscardin, 

C. K., 

Herman, J., 

... and 

Jones, B. 

(2011) 

To examine the 

effects of an 

instructional 

framework, 

Reading 

Apprenticeship, 

and an 

accompanying 

professional 

development 

model on 

teachers’ ability 

to integrate 

literacy practices 

into science 

teaching. 

This three-year 

quantitative study 

involved (n = 105) high 

school biology teachers 

from 83 schools, 6 

teachers (43 schools) 

assigned to the treatment 

group and 49 teachers 

(40 schools) assigned to 

the control group, 

students 1024 from 42 

schools.   

Data showed that intervention 

teachers demonstrated 

increased support for science 

literacy learning and use of 

metacognitive inquiry 

routines, reading 

comprehension instruction, 

and collaborative learning 

structures compared to 

controls.  Students in 

treatment classrooms 

performed better than controls 

on state standardized 

assessments in English 

language arts, reading 

comprehension, and biology. 

 

Continued  
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Table 2  

Key Studies in Support of the Process of Teaching 

 

 

 

Citation Purpose Sample/ Methods Findings/ Outcome 

Lee, H. S., 

and Butler, 

N. (2003) 

To design 

effective inquiry 

tasks through 

transforming 

content, scientific 

thinking, and 

resources 

featured in 

scientists’ 

authentic 

practices. 

This qualitative study 

investigated how fifty-

nine inner-city sixth 

grade students 

performed in real-time 

forecasting situations 

involving fronts and 

pressure systems.  n = 

59. 

Results show that the 

scientific complexity of 

forecasting influenced 

student explanations for 

their predictions and 

accuracy.  When situations 

closely matched content 

understandings, students 

were better at using 

scientific knowledge and 

evidence in their 

explanations.   

Chapman, 

A (2013) 

To better 

understand how 

marginalized 

students were 

affected by their 

participation in 

an authentic 

science 

experience, 

within the 

context of an 

algae biofuel 

project. 

The study took place at 

an urban high school in 

the southeastern United 

States.  Twelve students 

(n = 12) in honors 

Marine Science class 

were participants in this 

study Mixed methods.  

Quantitative and 

qualitative data were 

collected from a science 

attitude survey, scientist 

perception instrument, 

and pre/post 

assessments.  Qualitative 

data were collected from 

interviews, field notes, 

observations, and 

journals. 

The findings suggest that 

student participation in 

authentic science 

experiences and interaction 

with a more diverse group 

of scientists has the ability 

to influence their perception 

about who can do science.  

In addition, authenticity as 

seen by the students might 

be an indicator of the 

outcomes with regard to 

science identity, attitudes 

toward science, and learning 

of science practices but not 

gender- and ethnicity-

matched role models.   
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Transitioning from the experience to the process of teaching, the next section looks at 

the inquiry-based process as experienced by practitioners and in turn, by students.  As was 

mentioned earlier, real world applications are vital is creating relevant engaging activities.  

The works of Lee and Butler (2003), Hsu and Mazumder (2009), and Chapman (2013) 

observed these real world applications through the lens of authentic activities. 

Lee and Butler (2003) researched how to design effective inquiry tasks by 

transforming content, scientific thinking, and resources associated with scientists’ authentic 

practices.  This quantitative study studied how sixth grade students (n = 59) performed in the 

authentic experience of forecasting weather (Lee & Butler, 2003).  The researchers observed 

students taking part in an eight-week program that was part of the Kids as Global Scientists 

(KGS) curriculum.  Data, in the form of weather forecasts, were collected from the KGS 

message board.  The data were analyzed for content knowledge, inquiry skills, and predictive 

accuracy (Lee & Butler, 2003).  The researchers assigned a zero to four-point system for the 

above criteria and performed ANOVAs on the total scores for each participant (Lee & Butler, 

2003).  The findings of this study helped the researchers develop the following guidelines for 

science activities that utilize authentic student inquiry:  real world situations must track 

closely to present student understanding and curricular experience; when developing authentic 

experiences content knowledge, the level of student scientific thinking, and available 

resources must be taken into account; and some level of guidance must be given to students 

when tasking them with an inquiry learning goal (Lee & Butler, 2003). 

Hsu et al. (2009) looked at how teacher initiation of peer-to-peer discussion affected 

student engagement during authentic lab experiences.  The sample for this study was students 

(n = 13) from a diverse urban school in Victoria, British Columbia and was composed of two 
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males and eleven females; qualitative study used ethnography to study the participants for two 

months and collected pre- and post- videotaped interviews (Hsu et al., 2009).  The data 

showed that student peer-to-peer interactions naturally took the form of initiate-reply-clarify-

reply, and that this natural form of discourse enabled students to clarify their understanding 

and allowed instructors to collect information that allowed them to differentiate instruction 

(Hsu et al., 2009).   

In Chapman’s 2013 research, she investigated how marginalized learners were 

affected by their involvement in an authentic science experience.  The sample for this study 

was accessed from an urban high school with a diverse population in the southeastern U.S.  

The participants (n = 12) consisted of eight males and four females (Chapman, 2013).  The 

researcher used student interviews, field notes, classroom observations, and students’ journals 

to collect qualitative data for this study during spring of 2012 (Chapman, 2013).   

The findings of this study were two-fold:  after participation in an activity with an 

expert mentor, students showed a preference to work with a mentor that more closely 

represented their own gender and ethnicity; and authentic science experiences positively 

affected most participants in their science identity, their attitudes toward science, and learning 

of science practices (Chapman, 2013).   

The finding suggested that learner participation in authentic experiences with a diverse 

group of scientists influenced their worldview of who can be scientists and indicated that 

authentic learning experiences can influence science learning.  Lee and Butler (2003), Hsu et 

al. (2009), and Chapman (2013) demonstrated that real world application increased the 

effectiveness of authentic activities that was augmented by structured conversations. 
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The idea of peer-to-peer interaction increasing learner understanding is a core 

component of constructivist activities.  The following research by Smith et al. (2009), Wood 

et al. (2010), Porter et al. (2011), and Breslin and Porter (2013) explored this phenomenon.   

Smith et al. (2009) explored the relationship between peer-to-peer interaction and 

student performance.  The sample used by the researchers was the students (n = 328) in two 

introductory genetics courses at the University of Colorado-Boulder (Smith et al., 2009).  The 

method used by the researchers was to ask five clicker questions per 50-minute class 

throughout the semester and encouraged students to discuss questions with their neighbors.  

Students were given credit for answering with clickers regardless of accuracy of answers.  

Exam questions were similar to clicker questions offering further incentive.  Sixteen times 

during the semester the researchers assessed students using paired sets of similar questions 

regarding peer discussion (Smith et al., 2009).  The results of the study indicated that peer 

discussion enhances understanding, even when none of the students in the discussion group 

originally knows the correct answer (Smith et al., 2009).  

In a continuation of the above research, Wood et al. (2011) explored the relationship 

between student performance and peer discussion augmented by instructor explanation.  The 

sample used by the researchers was the students (n = 212) in two introductory genetics 

courses at the University of Colorado-Boulder (Wood et al., 2011).  The qualitative data used 

by the researchers were attained through peer-to-peer discourse discussion, listening to an 

instructor explanation, or engaging in peer discussion followed by an instructor explanation.  

The researchers analyzed this data to determine which of the presentation modes led to the 

highest student performance (Wood et al., 2011).  The findings for this study indicated that 

the largest gains in student performance occurred through peer-to-peer discussion followed by 
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instructor clarification.  The researchers proposed that this joint mode of learning was 

successful because it fosters student engagement through student discussion and then brought 

it together with instructor clarification and verification (Wood et al., 2010). 

The study by Porter et al. (2011) examined the effectiveness of peer instruction during 

online classes.  The study took place at University of California-San Diego and looked at 

participants (n = 96) from two upper level required major courses.  This study used a similar 

comparison as was used by Smith et al. (2009) and Wood et al. (2011).  In addition, the 

participants were asked to self-report their beliefs and experiences about peer-instruction 

using surveys (Porter et al., 2011).  Isomorphic questions, a second, similar question on the 

same topic, were used in two classes.  In addition to the questions, data were collected from 

students via self-reporting about their beliefs and experiences with peer instruction through 

surveys.  This study supports the idea that learners in upper level classes learn from peer-to-

peer discussion and that “85-89% of potential learners benefit from peer discussion” (Porter et 

al., 2011, p. 45).   

Breslin and Porter (2013) examined the importance of peer-to-peer discussion in 

middle school students.  Breslin and Porter’s ethnographic qualitative study took place in a 

diverse urban middle school located in a western American state where ethnic and racial slurs 

were the norm (2013).  The sample, Jon (n = 1), was a popular, but academically mediocre 

student.  The researcher found that peer-to-peer discussion motivated and engaged Jon more 

than other group instruction formats.  Fellow students also started to value one another’s input 

and gain appreciation of the diversity of students’ identity and ideas (Breslin & Porter, 2013). 
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The works of Smith et al. (2009), Wood et al. (2010), Porter et al. (2011), and Breslin 

and Porter (2013) support the idea of peer-to-peer interaction increasing learner 

understanding, engagement, and positive social interaction during constructivist activities.  

Student engagement is a focus when creating and delivering lessons that are relevant 

and compliant with standards.  John Dewey summarized this when he said “science teaching 

has suffered because science has been so frequently presented just as so much ready-made 

knowledge, so much subject-matter of fact and law, rather than as the effective method of 

inquiry into any subject-matter (Dewey, 1910, p. 124).  The following studies by Krajcik and 

Merritt (2012), Sun and Rueda (2012), and Linnansaari et al. (2015) investigated this 

relationship.   

The article by Krajcik and Merritt (2012) reported on how the new K-12 NGSS 

Framework will act to engage students in the scientific process.  The authors state that 

students will be engaged in what it means to do science, because NGSS presents a more 

coherent idea of science education (Krajcik & Merritt, 2012).  Additionally, the authors stated 

that U.S. science curriculum has long suffered from being “disconnected and presenting too 

many ideas too superficially” resulting in theoretical ideas that cannot be accessed to solve 

real world problems normally encountered (Krajcik & Merritt, 2012, p. 41). 

Sun and Rueda (2012) conducted a study to investigate possible relationships amongst 

student interest, self-efficacy, and self-regulation and behavioral engagement, emotional 

engagement, and cognitive engagement.  The samples for the study (n = 203) were found in 

online classes at a large research university in the southwestern U.S.  This sample was further 

separated into 67 females and 135 males (Sun & Rueda, 2012).   
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The methodology used for this quantitative study was an online survey that assessed 

their levels of situational awareness, self-regulation, and engagement while participating in 

distance education courses (Sun & Rueda, 2012).  The data suggested that online courses 

utilizing social media and a visual model to support online learning led to increased emotional 

engagement on the part of the participants (Sun & Rueda, 2012).   

Linnansaari et al. (2015) performed a study with the purpose of determining Finnish 

student engagement when participating in life science lessons.  The sample for this 

quantitative study was composed of 31 girls and 37 boys (n = 68) from ninth grade (15-16 

years old) and 46 girls and 21 boys from first grade in upper secondary school (16-17 years 

old) from a school associated with University of Helsinki.  The participants received 

smartphones equipped with a program, which measured student engagement in different 

situations for one academic week.  The phones were set to chime during every science lesson 

and eight random times through the day prompting students to answer an experience sampling 

survey.  The researchers defined engagement as a high level of interest, skills, and challenge 

(Linnansaari et al., 2015).  The data showed that that girls tended to be more interested in life 

science, while boys were more interested in exact sciences.  Additionally, they found that 

interest of students, regardless of sex, was heightened if given context and relatability 

(Linnansaari et al., 2015).  Krajcik and Merritt (2012), Sun and Rueda (2012), and 

Linnansaari et al. (2015) demonstrated in their research that, when creating and delivering 

lessons that are NGSS compliant, it is necessary to take student interest in the topic into 

account for the most positive outcome.   
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NGSS, “a robust, forward looking K-12 science standards that all states can use to 

guide teaching and learning” plays a large role in present classrooms in that they reorganize 

content and promote new teaching styles (Achieve, 2015, par. 18).   

Several states (26) created collaborative teams with the National Research Council, 

the National Science Teachers Association, the American Association for the Advancement of 

Science, and Achieve all working together in the creation and subsequent review of NGSS.  

The process started in 2011 and the final version was released in 2013 (Achieve, 2015, par. 

16).  The NGSS standards use the National Research Council’s Framework for its definition 

of science proficiency and is dependent on the view of science a body of knowledge that is 

evidence based, model and theory building activity with the objective to extend, refine, and 

revise knowledge (Achieve, 2016). 

Table 3  

Next Generation Science Standards Dimensions 

Dimension Name Description 

One Practices Behaviors that scientists and engineers engage in to 

develop models, theories and systems 

Two  Crosscutting Concepts Ideas that can be seen in all domains of science and 

can be used as an explicit scaffold allowing for the 

linking of knowledge from different fields into a 

meaningful, scientifically based world view 

Three Disciplinary Core 

Ideas (must contain at 

least two but 

preferable all four of 

the following ideas) 

 Should have broad importance across multiple 

science and/ or engineering or be a key 

organizing concept from a single discipline 

 Provide a key tool in the understanding or 

investigation of more complex ideas 

 Relate to interests and life experiences of learners 

or be connected to societal or personal concerns 

that require science/ technical knowledge 

 Be teachable and learnable over multiple grades 

at increasing levels of depth and sophistication 

Note.  Adapted from Achieve.org, 2016  
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The Next Generation Science Standards have three dimensions (depicted in Table 3) 

that when combined to form each standard.  The Connecticut State Department of Education 

adopted NGSS on November 4, 2015 (CSDE, 2015). 

Workosky and Willard (2015) published an article explaining the architecture of 

NGSS.  They explained that a code and title describe each standard.  Performance 

expectations are those to be learned and subsequently assessed by the end of instructional 

experience (Workosky & Willard, 2105).  There is a foundation box that describes the 

standard in terms of the three dimensions (see Table 1) and is the core ideas that teachers 

should use to construct their lessons (Workosky & Willard, 2105).  Finally, there is a 

connection box that links the standard being studied to “other disciplinary core ideas at the 

grade level and across grade levels and to the Common Core State Standards (CCSS)” 

(Workosky & Willard, 2015, p. 29).   

The overlap of NGSS and CCSS described in the previous article can lead to novel 

approaches.  In the following section, the job descriptions of science coordinator (NSTA, 

2013) and literacy specialists regarding NGSS and CCSS, respectively is put forth.  The 

works of Pearson et al. (2010), Greenleaf et al. (2011), and Cervetti et al. (2012) demonstrate 

how this coordinated overlap can be used to parallel teach science and literacy to increase 

student support in and comprehension of content, performance on standardized assessments, 

and effectiveness of instruction.  

In 2013, the National Science Teachers Association published a position statement on 

NGSS that described the responsibility of administrator, chiefly science coordinators, as 

follows:  monitor student progress in grade and courses on a yearly basis; provide structure so 

that remedial students who fall behind are supported and that all students are challenged; 
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provide coaching, professional development, and instructional material that is aligned with 

NGSS; secure funding so that science curriculum can be designed and completed while 

supplying quality facilities, equipment and technology required for NGSS implementation; 

advocate for value of NGSS to all stakeholders; allow for time and supply funding for 

instructional time, support, and resources to allow educators to meet expectations for 

instruction and implementation as described by NGSS; and lastly, advocate and secure 

technical and financial support at state and local level to create assessments consistent with 

NGSS (NSTA, 2013).  

The International Literacy Association stated that the professional’s job goal of a 

literacy specialist is to improve reading achievement.  In addition, they may be responsible for 

teaching, coaching, and leading school reading programs.  They may also work with students 

who have trouble reading and may augment instruction to these students in an intensive 

manner (International Literacy Association, 2016).  The specialist is responsible for 

professional development regarding common core in literacy and its implementation in other 

subjects (ICEF, 2016). 

Although there are still some teachers who feel literacy teaching is a basic elementary 

skill and do not expect to teach reading and writing to students in their science classes, 

literacy and science go hand in hand (Pearson et al., 2010).  Greenleaf et al. (2011) stated 

“researchers have advocated explicitly showing students how to carry out literacy tasks, 

building bridges from their cultural knowledge and language experiences to the language and 

literacy practices valued and measured in school in particular academic subject areas” (p. 8).  

The Greenleaf study examined the effects of a framework that involved a reading 

apprenticeship as well as professional development on teachers’ ability to combine literacy 
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practices into science teaching.  The sample for the study involved biology teachers (n = 105) 

from 83 schools.  In this study, there was a treatment group (n = 56) and a control group (n = 

49).  The intervention consisted of 10 days of professional development, an instructional 

framework designed to make “tacit reasoning processes, tacit reasoning processes, problem-

solving strategies, and textual features that shape literacy practices in academic disciplines” 

(p. 1).  This quantitative study used a quasi-experimental design to measure teacher 

implementation and student learning.  Hierarchical linear modeling was used to estimate 

impact of treatment (Greenleaf et al., 2011).  The researchers’ results showed that the teachers 

in the intervention group were supportive of science literacy.  Students in the treatment 

classroom performed better on standardized assessment in ELA, reading comprehension, and 

biology (Greenleaf et al., 2011).   

In further support of parallel science and literacy education, Cervetti et al. (2012) 

investigated the efficacy of integrating science and literacy in the upper-elementary level.  

The researchers' sample consisted of teachers (n = 94) from fourth grade classrooms in a 

southern state.  Half of the participants taught an integrated science-literacy unit, in which 

there were first hand observations, reading texts, writing notes, and completing reports in 

conjunction with frequent discussions as opposed to the control group that taught a 

straightforward science only class (Cervetti et al., 2012).  The units lasted for forty sessions 

comprised of four investigations lasting ten sessions each - each session lasted 45-60 minutes.  

Data collection took place during the 2007-2008 academic year (Cervetti et al., 2012).  The 

researchers found students in the treatment group had greater gains in science understanding, 

science vocabulary, and science writing. 
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Inquiry is an underlying idea in NGSS and CCSS and is a major component in modern 

teaching yet still it is not well understood.  The following section investigated this idea. 

Fairweather (2008), in his status report to the National Academies Research Council 

Board of Science Education, provided research-based evidence built on the analysis of 400 

NSF funded course and curriculum development projects, that “active and collaborative 

instructional strategies are more effective than traditional lecture and discussion across most if 

not all dimensions of student learning” (p. 11).   

Kuh et al. (2008) sought to determine the relationships between key student behaviors 

and the institutional practices and conditions that foster student success.  This study looked at 

18 baccalaureate-granting colleges and universities and their subsequent results when 

measured by the National Survey of Student Engagement (Kuh et al., 2008).  The research 

found that first year student engagement was positively related to academic learning and in 

turn grades.  This effect was more pronounced for at risk participants when compared with 

their typical classmates (Kuh et al., 2008).  The researcher demonstrated the importance of 

inquiry education in the classroom to improve student engagement and, in turn, performance.  

In the above research, much is made of inquiry and its many forms.  In the following section, 

inquiry itself is explained. 

The continuum of inquiry describes the different way in which inquiry instruction can 

be experienced.  The range of inquiry instruction can most easily be viewed as teacher led to 

student led (Sadeh & Zion, 2008).   

First described by Schwab and Brandwein (1962), a three-level scale was developed 

that ranged from low level with strict instruction to the highest, which was described as open 

in which the student must ask a question, determine a method, and determine a solution.  This 
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scale expanded in 1971 to include a fourth level that supplied the inquiry questions and its 

solution (Herron, 1971).   

 

Figure 4.  The Continuum of Inquiry.   

Adaptation of Bianchi and Bells’ 2008 work (Bates, 2015). 

 

In 2000, the National Research Council took the idea of four levels and expanded on 

it, stating that there is a spectrum of inquiry activities, ranging from teacher-directed activities 

to student driven open inquiry (Loucks-Horsley & Olson, 2000).  Bianchi and Bell (2008) 

took this body of work and formed a four-level continuum (see Figure 4). 

In order for the learner to genuinely experience inquiry education, the instruction must 

be proficient in evaluating where in the inquiry continuum the lesson being taught lies 

(Bianchi & Bell, 2008).  The very structured approach of NGSS and its subsequent 

breakdown into component dimensions (practices, core ideas, and crosscutting concepts) 
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assists teachers in knowing what is being asked and how to fit the inquiry lesson, regardless of 

level, into the dimensional scaffolding.   

Many structured approaches or models can be used by instructors when using inquiry 

practices in the classroom.  The 5e model and model-based learning were chosen as 

exemplars based on the responses of the participants of this study.  

Table 4  

The 5e Model and Summary of Levels 

Level Name Summary 

First e Engagement The teacher assesses the learners’ prior knowledge and helps 

them become engaged in a new concept using short activities 

that promote curiosity and illicit prior knowledge. 

Second e Exploration Exploration experiences provide students with a common base 

of activities within which current concepts (i.e., 

misconceptions), processes, and skills are identified and 

conceptual change is facilitated. 

Third e Explanation The explanation phase focuses students’ attention on a particular 

aspect of their engagement and exploration experiences and 

provides opportunities to demonstrate their conceptual 

understanding, process skills, or behaviors. 

Fourth e Elaboration Teachers challenge and extend students’ conceptual 

understanding and skills through new experiences. 

Fifth e Evaluation The evaluation phase encourages students to assess their 

understanding and abilities as well as provides opportunities for 

teachers to evaluate student progress toward achieving the 

educational objectives. 

Note.  Adapted from Bybee, 2009, p. 5. 

The 5e model, developed by Biological Science and Curriculum Studies, in the late 

1980s breaks the process up into five levels:  Engagement, Explorations, Explanation, 

Elaboration and Evaluation (Bybee, 2006) (see Table 4).  Each of the phases or “Es” has an 
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instructional and learning purpose that contributes to teacher’s effectiveness and student 

comprehension and increase in student skills (Bybee, 2009). 

This versatile model can be used at a macro-level to organize programs and at a micro-

level to create lessons in a method that incorporates all aspects of the continuum of inquiry in 

a formulaic manner.  The most effective use of the model is a two or three-week unit where 

each phase is used to create one or two lessons (Bybee, 2014).  Finally, Bybee postulated that 

the 5e’s “help solve the challenge of incorporating the multi-dimension of NGSS in the 

classroom” (2014, p. 13). 

Another approach to inquiry is the use of model-based learning.  The following works 

by Buckley et al. (2004 & 2010), Louca and Zacharia (2012), and Ogan-Bekiroglu and Belek 

(2014) studied this method.   

Buckley et al. (2004) researched the effectiveness of using a hyper-model (computer 

models that were linked to text) interactive environment for learning genetics.  The sample 

consisted of 24 middle school students who participated in a three-day field test.  The study 

collected data using pre- and post-tests from four tasks that produced a large quantity of data 

that was examined using regression analysis (Buckley et al., 2004).  The data showed that 

each of the four tasks is a significant predictor of post-test scores when negating a priori 

knowledge.  Furthermore, the data suggest that using Punnett square models to augment 

learning and reasoning was a key component of supporting procedural and schematic 

knowledge as well as mental models (Buckley et al., 2004).  Finally, the researchers found 

that students using the model-based learning lessons outperformed the control group 

(Buckley, 2004).  Model-based learning (MbL) is anchored on the assumption that 

comprehension necessitates the creation of “mental models of the phenomena under study, 
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and that all subsequent problem-solving, inferencing, or reasoning are done by means of 

manipulating or ‘running’ these mental models” (Buckley et al., 2004, p. 23).   

Buckley et al. (2010) clarified the model by looking at how the development of mental 

modes, like a priori knowledge, affects perception of a task and as well as our understanding 

when interacting with a representation an altered mental model (see Figure 5).  

 

Figure 5.  A visual representation of model based learning.   

This figure illustrates the flow mode-based learning (Buckley et al, 2010, p.169). 

Therefore, MbL is a changeable, reflective process of creating models of the thing 

being studied.  It involves the formation, testing, and reinforcement of the idea by revision or 

rejection of the model being studied (Buckley, 2010). 

Louca and Zacharia (2012) conducted a meta-study to systemize the existing 

knowledge about MbL and to provide an overview of what research needs to be done.  The 

researchers found that MbL has made cognitive, metacognitive, social, material, and 

epistemological increases in science teaching, in addition, they noted that there is still much 
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research to be done to ensure the effective implementation of MbL (Louca & Zacharia, 2012).  

Ogan-Bekiroglu and Belek (2014) studied the effect of MbL teaching on student 

argumentation skills.   

The sample for the study consisted of 24 pre-service physics teachers (14 female, 10 

male) ranging in age from 20 to 22 who were part of a methods course at Marmara University 

in Turkey.  The design was qualitative and considered true experimental by the researchers.  

The control and experimental class discussions were compared to measure the impact of MbL 

teaching on argumentations.  The study took place over seven weeks (Ogan-Bekiroglu & 

Belek, 2014).  The researchers found that the construction of concrete models and their use in 

discussions and explanations enriched learner arguments.  The quality of and realism of the 

model positively affected the number of claims made by the learners (Ogan-Bekiroglu & 

Belek, 2014).   

Ernst von Glasersfeld’s (1995) explanation of the size of the coastline of the British 

Isles summarized the processes experienced by teachers on a daily basis.  “The answer has to 

be that is something we construct, something that is very reasonable and appropriate in the 

conceptual contexts in which we want to use it.  Take away the contexts we have created, and 

the notion of coastline ceases to have meaning” (von Glasersfeld, 1995, p. 6).  Teacher 

creation of contextual realism and experiential learning make the lessons content relevant and 

accessible to all learners.   
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Impasse in Education 

The preparation and delivery of knowledge to learners is the objective of an educator, 

but often impediments get in the way of this dispersion.  This section explores these 

impediments.  Key studies in support of the impasse in education are outlined in Table 5 

below. 

Table 5 

Key Studies in Support of Impasse in Education 

Citations Purpose Sample/ Methods 

Klemmer, C. D., 

Waliczek, T. M., 

and Zajicek, J. M. 

(2005) 

To determine the effect of a school 

gardening program on the science 

achievement of elementary students 

n = 647.  Third, fourth, fifth grade 

from 7 elementary schools in 

Temple, Texas.  Posttest only quasi-

experimental.  Control (n = 193) 

had traditional instruction.  

Treatment (n = 454) had inquiry 

based hands-on instruction. 

Milner, A. R., 

Sondergeld, T. A., 

Demir, A., 

Johnson, C. C., and 

Czerniak, C. M. 

(2012)  

To explore the dynamics that 

influence teacher practice in 

elementary science, including 

teacher beliefs, perceptions, and 

challenges pre- and post-NCLB 

required state science testing. 

Respondents (n = 44) from a pool 

of 7500 randomly selected US 

elementary school teachers.  Mixed-

methods.  Both quantitative and 

qualitative data were collected 

through a survey of practicing 

teachers’ beliefs about their science 

teaching and state science testing  

Blank, R. K. 

(2013) 

To determine the role of elementary 

education in science as an 

important preparatory step. 

Used NAEP data to determine how 

science contact time affects 

performance. 

Knaggs, C. M., and 

Sondergeld, T. A. 

(2015) 

To determine impact of elementary 

teachers participation in a semester-

long science content course, using 

Bandura’s concept of SE, as a 

conceptual framework. 

Study participants from an attended 

a small private Catholic institution 

in Northwest Ohio (N = 26).  Mixed 

methods. Both quantitative  and 

qualitative data were collected and 

analyzed concurrently. 

 

(Continued)  
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Table 5 

Key Studies in Support of Impasse in Education 

Citations Purpose Sample/ Methods 

Morrell, P. D., and 

Carroll, J. B. 

(2003) 

To identify factors that positively 

impact changes in elementary pre-

service teachers' teaching self-

efficacy beliefs. 

Respondents in this study were 

elementary pre-service teachers in a 

four-year undergraduate teacher-

education program.  To measure the 

students' science teaching self-

efficacy belief, students completed 

the STEBI B at the beginning and 

end of each course included in the 

study.  n = 75.  Paired t-tests were 

run on the pre and post survey 

scores for each course.  

King, K., Shumow, 

L., and Lietz, S. 

(2001) 

To determine urban elementary 

teacher beliefs and classroom 

practices. 

Observations made from the 

perspective of a science education 

specialist, an educational 

psychologist, and an expert 

elementary teacher were 

triangulated to provide a set of 

perspectives from which elementary 

science instruction could be 

examined urban elementary school 

(K-8) in a large Midwestern 

industrial city.  n = 4  

Griffith, G., and 

Scharmann, L. 

(2008)  

To examines the impact of the No 

Child Left Behind (NCLB) Act on 

elementary science education. 

K-6 educators via a Midwestern 

State Department of Education 

science listserv and a Midwestern 

Association of Teachers of Science 

listserv with reminders being e-

mailed five days before the survey 

end date.  n = 164.  Data used in 

this study were collected through an 

online, voluntary response survey.  

The researchers developed the 

survey instrument and included the 

same main research questions and 

sub-questions.  

 

(Continued)  
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Table 5 

Key Studies in Support of Impasse in Education 

Citations Purpose Sample/ Methods 

Tutwiler, S., 

Gruner, H., 

Johnkoski, J., Inga, 

S., and Brady, M. 

(2013, November) 

To measure the impact of this 

collaboration on student 

achievement. 

Quantitative/Observational 

longitudinal analysis of Connecticut 

Mastery Test science scores over a 

six-year period.  This mixed 

methods study analyzed data 

through a regression discontinuity 

analysis of 5th grade CMT scores 

from 2008 to 2013.  n = 180. 

Kuh, G. D., Cruce, 

T. M., Shoup, R., 

Kinzie, J., and 

Gonyea, R. M. 

(2008) 

To determine the relationships 

between key student behaviors and 

the institutional practices and 

conditions that foster student 

success.   

The data for this study are from 18 

baccalaureate-granting colleges and 

universities that administered the 

National Survey of Student 

Engagement (NSSE) at least once 

between 2000 and 2003.   

 

Silverson (1993), Blank (2013), Cavanaugh (2006), King et al. (2001), Milner et al. 

(2012), and Maier (2013) explored the tendency to have more literacy and numeracy exposure 

than science in elementary schools and these findings are shared in the following section.  

Silverson (1993), with the U.S. Department of Education, wrote an elementary science guide 

for the general populace.  She stated that science is and has been a low priority in elementary 

schools when compared to reading, writing, and arithmetic.  She also noted that science is not 

being taught in many elementary schools, “twenty eight percent of the fourth grade reported 

having science instruction about once a week or less frequently, and only about one half 

reported science instruction every day” (Silverson, 1993, p. 3).  This guide, published before 

No Child Left Behind (2002), paints a dire picture of science education in U.S. public schools.   

Blank, in his 2013 article discussed the student achievement gap and how it could be 

closed.  The researcher discussed science educational time as part of this problem and used 

data from the U.S. Department of Education School and Staff Survey.  The sample for this 
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survey was a representative sample of 800-1200 elementary, middle and high school public 

school instructors from all fifty states (Blank, 2013).   

 

 

Figure 6.  Trends of elementary instruction time.   

Note: This figure, based on figures from the U.S. Department of Education, shows the 

propensity for instruction content and the trend in time spend on content (Blanke, 2013, p. 

834). 

The researcher found (see Figure 6) that from 1998 to 2008 in grades one to four, even 

with the changes set forth by NCLB, science instructional time has been steadily decreasing 

(Blank, 2013).  

According to Blank (2013), Connecticut students in grades one to four average 2.4 

hours of science instruction per week in comparison to the national average for public schools 

of 2.8 hours a week.  There are many purported reasons for this lack of attention to science 

instruction in the U.S. elementary classroom.   
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One reason for science not being a major concern in the elementary schools is that it is 

not tested as frequently as reading and mathematics.  If this is the case, the subject will not be 

taught as often as reading and writing, accordingly “science sometimes becomes a poor 

stepchild in relation to the other two subjects” (Cavanaugh, 2006, p. 38).  Table 7 below 

shows that science receives about 1/5 the instruction time of English and ½ as much as 

mathematics. 

Table 6 

Average Hours of Inspection per week and Survey Year 

Subject 87-88 90 - 91 93 - 94 99 - 00 03 - 04 07 - 08 

English 11.0 10.5 10.9 10.9 11.6 11.7 

Math 
  4.9   4.9   5.3   5.7   5.4   5.6 

Social 

Studies   2.8   2.9 
  3.0 

  2.9   2.5   2.3 

Science   2.6   2.7   3.0   2.6   2.3   2.3 

Note.  (Blank, 2013, p. 835) 

Milner et al. (2011) conducted a study to explore the dynamics that impact pedagogy 

in elementary science pre- and post- NCLB-required state science testing.  The researchers 

randomly chose 7,500 U.S. elementary educators to take part in their study—44 responded (n 

= 44).  A survey of beliefs about teaching was administered in addition to open-ended 

questions and followed up with phone interviews (Milner et al., 2011).   

The researchers found that teachers were not very confident that they would easily be 

able to teach science in their classroom (Milner et al., 2011).  One of those interviewed stated 
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that if the fourth grade was being tested then there would be a trickle-down effect to the lower 

grade levels and, in so doing, would elevate the importance of science (Milner et al., 2011).  

Inversely, one of the teachers interviewed stated, “more emphasis on language arts and math 

has decreased focus on science.  Since [science] is not assessed, it gets pushed to the back” 

(Milner et al., 2011, p. 126). 

The researchers in this study stated “elementary teachers lack the content knowledge 

and, subsequently, the confidence to teach science effectively to their students, (moreover) 

found that individual teachers’ content knowledge has a powerful influence on teachers’ uses 

of inquiry-based practices and investigative classroom culture” (Milner et al., 2012, p. 113).   

Milner et al. (2012) showed that, in addition to the effect that testing has on time 

allocation toward science, self-efficacy has an impact on the willingness of instructors to 

engage in science teaching and inquiry.  The following study by Maier et al. (2013) 

investigated this idea. 

Maier et al. (2013) conducted a study with the goal of developing and validating a 

questionnaire for preschool teachers’ attitudes and beliefs toward science.  The researchers 

collected qualitative data by accessing a diverse randomized sample (n = 507) of head start 

teachers from across the country.  The data were analyzed for teacher involvement in science 

related activities, participation in a pre-school science curriculum, and direct observation of 

science related classroom instructional practices (Maier et al., 2013).   

The researchers found that elementary school teachers were not comfortable teaching 

physical and energy science, but did show a preference toward the earth and life sciences 

(Maier et al., 2013).  The researchers reported that elementary teachers with higher self-

efficacy and expectations toward teaching science liked teaching science more, found more 
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time to teach science, and used more hands-on, inquiry-based lessons, activity based teaching 

and inquiry-based instructional practices (Maier et al., 2013).   

Furthermore, participants reported that they had inadequate science knowledge, not 

enough teaching materials, little support, and not enough classroom space.  All of which led 

to in picking science topics, designing science activities, and answering children’s science-

related questions (Maier et al., 2013, p. 367). 

This discomfort with science instruction can be traced to pre-service teacher 

preparation.  The following works by Morrell and Carroll (2003), Maeng et al. (2013), and 

Knaggs and Sondergeld (2015) assessed the effect that pre-service teacher preparation 

impacts on teachers’ self-efficacy and utilization of available resources. 

Morrell and Carroll (2003) studied the impact of science methods and content courses 

on the self-efficacy of elementary pre-service teachers.  The sample (n = 75) accessed for this 

study was elementary pre-service teachers enrolled in a four-year undergraduate teacher-

preparation program.  The method used for data collection was the administration of the 

Science Teaching Efficacy Belief Instrument Form B (STEBI-B) before and after student 

teaching with the intent to measure student self-efficacy concerning science teaching (Morrell 

& Carroll, 2003).   

The results from this quantitative study showed that methods courses positively 

impacted personal science teaching efficacy (PTSE) science teaching outcome expectancy 

(STOE) and this impact increased with more training.  The methods courses in conjunction 

with the intensive professional instruction and mentoring present in their student teaching 

assignments acted to allay fears of science teaching, and in so doing, better prepared the 

instructors to instruct students (Morrell & Carroll, 2003). 
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Maeng et al. (2013) conducted a study on how pre-service teachers promoted students’ 

inquiry skills using technology.  This qualitative study accessed a population (n = 27) of pre-

service teachers (16 female, 10 male) who were enrolled in a two-year master of teaching 

program at a large, public mid-Atlantic university.  Data were collected through observations, 

lesson plans, interviews, and reflections (Maeng et al., 2013).   

The results of the study strongly implied “integrating technologies such as digital 

images, simulations, spreadsheets, and probe-ware can help teachers engage their students in 

observational, correlational, and experimental inquiry investigations” (p. 855) as well as 

comfortably increase the level of inquiry in their classrooms (Maeng et al., 2013). 

Knaggs and Sondergeld (2015) studied a sample (n = 26) of pre-service elementary 

teachers engaged in a science methods course looking at their self-efficacy.  The participants 

were accessed from a private catholic school in Northern-Ohio in the fall of 2012.  The 

majority of the participants were white (n = 23) and female (n = 24) (Knaggs & Sondergeld, 

2015).  This mixed methods study measured student self-efficacy over time (beginning and 

end of methods course) using the STEBI-B for quantitative and open-ended survey questions 

for qualitative data acquisition (Knaggs & Sondergeld, 2015).   

The researchers found a significant increase in science self-efficacy in both personal 

efficacy and outcome expectancy.  This increase served to increased student confidence in 

science content and this confidence bolstered the teachers’ assuredness in being both science 

learners and instructors (Knaggs & Sondergeld, 2015).   

As evidenced above, Morrell and Carroll (2003), Maeng et al. (2013), and Knaggs and 

Sondergeld (2015) support the need for effective and reliable pre-service teacher preparation 

to create teachers who have high self-efficacy in regards to teaching science regardless of 
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grade levels assigned.  Furthermore, professional development is a vital component today’s 

workforce.  King et al. (2001), Pearson et al. (2010), and Arce et al. (2014) investigated the 

impact of professional development on developing teachers, maintaining teachers’ skills, and 

instituting change in the teacher population.    

King et al. (2001) used a case study approach to determine the state of science in an 

urban elementary school.  The sample for the study consisted of teachers (n = 4) in an urban 

K-8 elementary school located in a large mid-western industrial city (King et al., 2001).  The 

researchers concluded that the teachers were ill prepared in terms of content knowledge, 

instructional skills, pedagogy, and management skills.  The researchers found that the 

educators felt they were teaching hands-on, inquiry lessons, but the researchers saw didactic 

instruction with little, if any, higher level thinking (King et al., 2001).  Based on these 

observations and that of the observed instructors who had professional development on 

inquiry instruction, the professional development program needed review and revamping 

(King et al., 2001). 

Pearson et al. (2010) sought to examine the relationship and interaction between 

inquiry science and literacy instruction K-12 through a comprehensive literature review.  The 

researchers found that instructors learned best when they used inquiry, rather, when the object 

of professional development was learning about inquiry and literacy.  Teachers developed 

insight and strategies that will help them to mentor their students better (Pearson et al., 2010).  

An example given by the researchers was giving teachers an advanced piece of writing and 

putting them in the position of a struggling reader (Pearson et al, 2010). 

Arce et al. (2014) conducted an ethnographic qualitative study of the impact of 

inquiry-based best practices professional development on middle school teachers.  The sample 
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(n = 5) was accessed from Puerto Rican public schools.  The participants were selected 

because they had more than five years of experience, they were teaching middle school 

science, and they had participated in at least five professional developments in the previous 

five years (Arce et al., 2014).  The researchers found that “extensive in-service professional 

development can produce a substantive change in teachers’ beliefs about optimum teaching 

practice” (p. 85), but they cautioned that inquiry instruction could be strengthened at the cost 

of content knowledge (Arce et al., 2014). 

As demonstrated by King et al. (2001), Pearson et al. (2010), and Arce et al. (2014), 

professional development has an impact on developing teachers, maintaining teachers’ skills, 

and instituting change in the teacher population.  Administrative oversight also has large 

impact into what occurs in classrooms.  The following articles by Griffith and Scharmann 

(2008) and Milner et al. (2012) considered what effect, if any, this pressure brings on inquiry 

science instruction. 

Griffith and Scharmann (2008) examined the impact of the NCLB legislation on 

elementary science education.  The data for this study were collected through an online, 

voluntary survey that was administered to K-6 educators (n = 475) by the Mid-western 

Association of Teachers of Science Listserv with reminders sent five days before the survey 

deadline.  The survey included demographic and close-ended initial questions with open-

ended follow-up questions for those who responded (n = 164) (Griffith & Scharmann, 2008).   
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Figure 7.  Teachers who cut time from science instruction.   

The figure graphically represents teachers who cut instructional time due to administrative 

pressure.  (Griffith & Scharmann, 2008, p. 40). 

 

The researchers found that some teachers were required to cut instructional time in 

science (see Figure 7).  One of these teachers stated, “we have been directed to spend more 

time on math and reading because those are the subjects upon which AYP is based” (Griffith 

& Scharmann, 2008, p. 39).   

During a different follow-up questionnaire, another instructor stated, “with all the 

benchmarks to cover before progress reports are released and needing to cover materials for 

them, there is not enough time in the day to get the recommended science time in” (Griffith & 

Scharmann, 2008, p .40).  The researchers questioned these individuals further and the 

consensus was that science needed to be cut to improve performance on assessed areas. 

Milner et al. (2012), whose study was outlined above, stated that some of the subjects 

in the study reported that they were told by their administrators not to teach science.  In 

addition, “principal support, coupled with school culture that both values science as a core 

subject and provides an overall culture to support reform, is all too rare” (Milner et al., 2012, 

p. 128).  Finally, the researchers stated that cultural barriers such as teacher beliefs and 

perceived administrative support had the most influence on the science teacher’s craft (Milner 
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et al., 2012).  Griffith and Scharmann (2008) and Milner et al. (2012) both showed the impact 

that administrators have in response to standardized tests such as the NCLB act have on 

classroom instruction.   

The Elementary and Secondary Education Act (ESEA), as described by Thomas and 

Brady (2005), was passed on April 11, 1965.  This legislature, which originated in the ESEA 

Act, was a large fiscal aspect of this bill and aimed to “provide financial assistance to local 

educational agencies serving areas with high concentrations of children from low-income 

families to expand and improve their educational programs by various means” (Thomas & 

Brady, 2005, p. 52).   

The goal of this legislation was to offer equal educational opportunities to all the 

nation’s children with special financial support to enhance the learning experience of the 

nation’s most vulnerable schoolchildren.  Through funding incentives, schools were supposed 

to provide supplemental services and show student improvement as well as the ability for all 

students to reach appropriate grade level proficiency (Thomas & Brady, 2005). 

The NCLB was passed in 2001 and signed into legislation by then President George 

W. Bush in 2002 (Brookhart, 2009).  The purpose of this Act was to remedy the perceived 

shortcomings in the ESEA.  Incentives, in the form federal block grants, were provided to 

states that established annual assessments, demand progress, improve poorly performing 

schools, crease consequences for failure, and protect home and private schooling (Bush, 

2001).  These changes, or priorities, were outlined as follows (Bush, 2001, p. 2): 

 Improving the academic performance of disadvantaged students. 

 Boosting teacher quality. 

 Moving limited English proficient students to English fluency. 
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 Promoting informed parental choice and innovative programs. 

 Encouraging safe schools for the 21st Century. 

 Increasing funding for Impact Aid. 

 Encouraging freedom and accountability. 

High stakes testing was used as the primary means to measure student performance, and in so 

doing, determine accountability instructors, administrators, and schools (Brookhart, 2009). 

Every Student Succeeds Act (ESSA), a reauthorization of the ESEA and subsequently 

NCLB acts, was signed on December 10, 2015 (U.S. Department of Education, 2015).  The 

ESSA has maintained some components of its previous iterations, but has changed in many 

aspects.  The ESSA still requires that students be tested in reading and math in grades three 

through eight and once in high school as well as breakdown subsequently attained data by 

whole school as well as sub-groups of concern (Klein, 2015).  In a large change from NCLB, 

states are given volition on setting education goals, establishment of criteria by which to hold 

schools and districts accountable for, and how to intervene if a school or district is determined 

to be low-performing.  Although high stake testing is still used as part of state accountability 

framework, other data, such as opportunity to learn, school climate, teacher engagement, and 

access to advanced coursework is also being assessed.  Finally, the federal government will 

no longer have a role in teacher evaluation (Klein, 2015). 

Sousa and Pilecki (2013) in their literature-review grounded editorial, stated that 

focusing too much on standardized testing can lead to loss of preparation time and allotted 

instructional time in the classroom.  Their findings led to one of the possible causes of non-

implementation of inquiry methods in the classroom:  loss of time due to standardized testing.  
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In chapter two of her 2010 book, Diane Ravitch outlines what she calls the hijacking 

of the education standards movement.  This so-called hijacking was a long term reaction to A 

Nation at Risk (1983) which, among other things, called for stronger standards, better 

curriculums, and improving teaching preparation (Ravitch, 2010).  With the signing of NCLB 

and its associated reforms, “the goal of testing was higher scores without regard to whether 

the students acquired any knowledge of history, science, literature, geography, the arts, and 

other subjects that were not important for accountability purposes” (Ravitch, 2010, p. 30). 

Although many see standardized testing as a negative, it still can be used as a vehicle 

for effective inquiry instruction as can be seen by the following article.  Tutwiler et al. (2013) 

conducted a study with the aim of measuring inquiry-based professional development on 

standardized test performance.  The study used a mixed method format to look at this effect in 

an urban (Hartford, CT) and suburban (West Hartford, CT) setting for a set period (six years) 

(Tutwiler et al., 2013).  The researchers investigated the impact of school wide inquiry-based 

professional development on the CMT score of these students.  This study involved the 

analysis of 180 third through fifth grade students’ Connecticut Mastery Test (CMT) scores 

and found a strong positive observational relationship between scores and teacher preparation 

in inquiry based professional development (Tutwiler, 2013).  Taken together, these studies 

support the idea that instructors should be trained in inquiry-based instructional methods to 

improve success on standardized tests as well as student learning. 

In closing this section, it is vital to look at how leadership influences schools.  In their 

paper, Coelli and Green (2011) studied the effect of individual school principals on high 

school graduation rates and 12th grade final exam rates in British Columbia.  The data used 

was accessed through the British Columbia Ministry of Education and involved all youth 
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enrolled in grade 12 in all public schools from 1995 to 2004 (Coelli & Green, 2011).  This 

quantitative study created an estimator (principal effect) to determine what the effect, if any, 

did the principals have on graduation rates and English exams (Coelli & Green, 2011).   

The researchers found that principals have a positive effect on both graduation rates 

and English exam scores.  Specifically, a principal who is one standard deviation better in the 

principal effect will have graduation rates that are 2.6% higher and English exams that are 

2.5% higher (Coelli & Green, 2011, p.5).  The researchers believed that, if a high-quality 

principal is in residence long enough, a considerable change could be seen in student 

performance (Coelli & Green, 2011).  Principals influence teacher communities by how they 

allocated school resources, interact with staff and students, promote social interaction and 

leadership roles among teachers, initiate policy change, and bring resources to school in 

general (McLaughlin & Talbert, 2001). 

To conclude, this section looked at the present impasse, or difficulties, encountered by 

educators in today’s classrooms as they attempt to instruct using inquiry.  These difficulties 

were outlined as discomfort of elementary teachers with delivering science content, 

inadequate pre-service preparation and its subsequent impact on self-efficacy, the importance 

of quality professional development and its effect on instructor effectiveness, education 

standards and their related standardized testing, and finally, the importance of effective 

administrative leadership.  These difficulties are substantial, but there is hope.  In their 2013 

study, Maier et al. found that that attitudes and beliefs can be changed and that these changes 

can be sustained through training or professional development such as inquiry- or methods-

based courses. 
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Teacher Craft Development 

In the previous sections, there was much said about difficulties encountered by 

teachers regardless of experience and age.  Professional development is used to increase 

teacher instructional effectiveness.  This section looked at local and state based two sources of 

professional development:  local on-site and state-funded off-site based.  Key studies in 

support of teacher craft development are outlined in Table 7 below. 

Table 7   

Key Studies in Support of Teacher Craft Development 

Citations Purpose Sample/ Methods Findings/ Outcome 

Hord, S. 

M. (1998) 

To determine which 

approaches that 

schools can use to 

create a high quality, 

professional, 

working community. 

The data-ware 

gathered through 

personal 

interviews (n = 

30) of members of 

the Cottonwood 

Creek School.   

The data lead to five major 

dimensions of the professional 

learning community: supportive 

& shared leadership, collective 

learning & application of 

learning, and  shared values & 

vision, supportive conditions. 

Blacklock, 

P. J. 

(2009) 

To identify and 

compare the possible 

commonalities and 

differences existing 

between the schools 

on the 5 dimensions 

of professional 

learning 

communities. 

This  (n = 247) 

mixed method 

approach 

employed a 

questionnaire, 

individual 

principal and 

teacher interviews 

and school 

performance 

documents to 

collect data. 

The findings from this study 

suggest that sustainable 

professional learning 

communities are evident in the 

high performing schools selected 

for this study.  The study implies 

the culture of these schools is 

supported by relationships 

fostered by trust and mutual 

respect and their success is 

attributed to the learning of the 

staff. 

Supovitz, 

J. A., and 

Turner, H. 

M. (2000)  

To determine the 

effects of 

professional 

development on 

science teaching 

practices and 

classroom culture 

A survey was used 

to collect data 

from 3464 science 

teachers and 666 

principals in the 24 

localities in 1997.  

Qualitative. 

The data showed that the quantity 

of professional development is 

strongly linked with both inquiry-

based teaching practice and 

investigative classroom culture.  

(Continued)  
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Table 7   

Key Studies in Support of Teacher Craft Development 

Citations Purpose Sample/ Methods Findings/ Outcome 

Garet, M. 

S., Porter, 

A. C., 

Desimone, 

L., 

Birman, B. 

F., and 

Yoon, K. 

S. (2001)  

To determine what 

makes professional 

development 

effective. 

Math and science 

teachers (n = 

1027) randomly 

selected from 

Eisenhower fund 

grantees. 

There are three core features to 

PD activities that have significant 

positive effects on teacher self-

reported increase in knowledge 

and classroom content: focus on 

content knowledge, opportunities 

for active learning, and coherence 

with other learning activities; in 

addition, these structural features 

effect learning as well; form of 

activity collective participation 

from same school, and duration of 

activity. 

Lederman, 

J. S., 

Holliday, 

G. M., and 

Lederman, 

N. G. 

(2012) 

Detailed description 

of science PD 

programs that use 

museum and 

university staff to 

collaboratively 

support learning of 

content, pedagogy, 

and curriculum by 

using exhibits. 

4-8th grade Illinois 

teachers, N = 90. 

Involvement in PD programs is 

encouraged, the quality of the PD 

provided is often suspect (p.98).  

Exhibit designers will often 

design an experience so that the 

participant can explore the topic, 

have the exhibit explained to 

them, and then expand the 

concept encountered and 

generalize and apply it to 

everyday experiences.  The study 

supports the idea that content-

based science exhibits increase 

collaboration between and 

amongst students and educators 

while immersed in the viewing 

experience. 
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One on-site method of local professional development used to increase knowledge and 

hone expertise of practicing teachers is the professional learning community.  The work of 

Hord (1998; 2008), Blacklock (2009), DuFour (2004), Stoll et al. (2006), and the ASCD 

(2015) article all contribute to the literature on this topic. 

Hord (1998) identified ways that schools could create high quality, professional 

working committees.  The researcher conducted a qualitative case study, sample size (n = 5) 

at an elementary school in the southwestern U.S.  Data were gathered through face-to-face 

interviews (Hord, 1998).  The data showed that when the teachers and staff worked together 

they could reach mutually beneficial goals for staff, students, and the district.  Hord, added to 

this topic in her 2008 article on intentional collegial learning when she described the 

professional learning committee (PLC) as a “professionals coming together to learn 

collaboratively in an effort to promote high quality student learning” (p. 10).   

Blacklock (2009) studied the effectiveness of the five dimensions of PLCs in 

improving high performing Texas elementary schools.  The method used by the researcher 

was a criterion-based study.  The sample size (n = 247) for this mixed-method approach 

utilized questionnaires, face-to-face interviews, and school performance information to 

acquire data (Blacklock, 2009).  The five dimensions of the PLC used by the researcher were: 

shared leadership, shared vision and values, collective learning and application of learning, 

shared personal practice, and supportive conditions (Blacklock, 2009).  Blacklock found that 

sustainable PLCs were evident in all the high performing schools that were investigated.  

Furthermore, the researcher found that the culture of the staff of these schools was supported 

by trust, respect, success that was attributed to the collaboration, collegiality, and willingness 

to learn (Blacklock, 2009).   
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DuFour, in his 2004 commentary, added to the literature by posing three big ideas that 

helped define a PLC.  The first big idea was that in order for PLCs to be successful they must 

be systematic, school-wide, timely, based on intervention rather than remediation, and 

directive rather than invitational (DuFour, 2004).  The second big idea was to create a 

powerful culture of collaboration in which teacher teams work side-by-side to analyze and 

improve their craft in an ongoing cycle of inquisition that leads to deep group based learning, 

which will lead to higher student performance (DuFour, 2004).  His third big idea was to 

judge the success of PLCs on student performance.  Each team ascertains students’ current 

level of success and establishes a goal based on that level and work together to meet and if 

possible surpass that goal (DuFour, 2004).  DuFour summarized working collegially and 

cooperatively when he stated that it is a demonstration of a department working in a “culture 

of collaboration” (DuFour, 2004, p. 3).    
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Table 8  

Broad Guiding Questions about Professional Learning Committees 

Question  Question Evidentiary Response 

One What are professional 

learning communities? 

A community of educators working cooperatively to 

increase instructive effectiveness.  This community 

should embody shared belief and understanding, 

interaction and participation, interdependence, 

concern for individual views, and meaningful 

relationships. 

Two What makes professional 

learning communities 

effective? 

The characteristics of a PLC are: shared value and 

vision, collective responsibility, reflective 

professional inquiry, collaboration, mutual trust & 

respect, inclusive membership, open networks, and 

individual, as well as community, learning is 

expected. 

Three 
 

What processes are used 

to create and develop an 

effective professional 

learning community? 

There are four processes needed to create and 

develop PLC’s in and out of school, they are: focus 

on process of learning, effectively use human and 

social resources, manage structural resources, and 

interact and utilize external resources. 

Four 
 

What other factors help or 

hinder the creation and 

development of effective 

professional learning 

communities? 

 

The important factors to be aware of are:  

individuals orientation to change; group dynamics; 

and school characteristics, history, community, & 

size. 

Five Are effective professional 

learning communities 

sustainable? 

PLC’s are a newer construct and need further 

review.  The researchers, based on the present 

literature, felt stated that the following conditions 

must exist to sustain these communities:  deep 

learning, diverse people, sustained resources, caring 

and sharing, all stake holder support, and a 

community of change. 

Note.  Table adapted from Stoll et al. (2006) 
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Stoll et al. (2006) conducted a literature review investigating professional learning 

communities using five guided questions (see Table 9 for questions and answers).  The 

research and subsequent data attained, demonstrated that PLCs required subtle as well as 

obvious processes at work in and out of schools that can have positive as well as negative 

impacts on their success (Stoll et al, 2006).  In addition, Stoll et al. (2006) stated, “PLCs 

appear to be worth the considerable effort put in to creating and developing them, although 

there is still much more to learn about sustainability” (p. 248). 

The definition for professional development has been updated by the U.S. Congress in 

the ESSA as personalized, ongoing, job-embedded activities that are available to all staff, part 

of school improvement plan, collaborative and data driven, developed with educator input and 

regularly evaluated (ASCD, 2015, p. 6).   

As can be seen above, Hord (1998; 2008), Blacklock (2009), DuFour (2004), Stoll et 

al. (2006), and the ASCD (2015) all add to the evidential literature in favor of using PLCs at 

the local level to improve instruction.  In addition to PLCs, there are other ways to improve 

and maintain educator knowledge and skill, one of which is through district-level, on-site 

profession development (PD).  This researcher looked at the studies of Supovitz and Turner 

(2000), Garet et al. (2001), Gregory et al. (2014), Lederman et al. (2012), Short (2014), Roth 

et al. (2015), and Lederman (2014) to determine multifaceted aspects of professional 

development design, implementation, and its positive and negative aspects. 

Supovitz and Turner’s (2000) study investigated what effective professional 

development required in fulfillment of the theoretical model of professional development 

design (see Figure 8).    
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Figure 8.  Relationship between professional development and student achievement.   

Model depicting theoretical relationship between professional development and student 

achievement (Supovitz & Turner, 2000, p. 966). 

 

The researchers, using National Science Foundation data, studied science teacher (n = 

3464) and principal responses (n = 666) from 666 schools in 24 communities across the U.S.  

This quantitative, meta-analysis looked at professional development after 10 days, 80 hours 

and investigative culture after 20 days, 160 hours (Supovitz & Turner, 2000).  The researchers 

unearthed that the amount of time teachers spent participating in professional development is 

strongly associated with teaching practice and analytical culture of the classroom.  The data 

also showed that the level of content preparation the instructor had, had a large impact on 

practice and classroom practice (Supovitz & Turner, 2000).   

In their 2001 work on what makes professional development effective, Garet et al. 

looked at survey data from 1,027 teachers from 358 districts who received funding from the 

Eisenhower program, which supports professional development for educators.  The 

researchers conducted a quantitative, large-scale empirical study of teacher activity surveys to 

determine the effect of different characteristics of professional learning on teacher learning.  

They found the following key elements (see Figure 9) to be essential for effective professional 
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development and change in teacher practice:  focus on content knowledge, opportunities for 

active learning, collective participation by school or department, duration of activity, and 

alignment with other learning activities (Garet et al., 2001).  

 

Figure 9.  The relationship of features of professional development teacher outcomes.  

(Garet et al., 2001, p. 933). 

In addition to the above professional development criteria, the authors found that 

funds need to be allocated to these programs in an ongoing manner to provide useful and 

effective professional development (Garet et al., 2001). 

Gregory et al. (2014) added to the literature by researching the effect of long-term 

professional development on behavioral engagement in middle and high school.  The 

researchers looked at teachers (n = 87; 53 middle schools and 34 high schools) in different 

Virginia schools (n = 12).  The researchers used a quantitative, quasi-experimental design to 

explore how a yearlong professional development program could increase student behavioral 

engagement (Gregory et al., 2014).  The researchers showed that “intervention teachers had 
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significantly higher increases, albeit to a modest degree, in student behavioral engagement in 

their classrooms after 1 year of involvement with the program compared to the teachers in the 

control group engagement” (Gregory et al., 2014, p. 97).  In addition, the researchers found 

that there was a positive effect between quality sustained professional development and 

increased instructor engagement and subsequent effectiveness at secondary instruction 

(Gregory et al., 2014). 

The research of Supovitz and Turner (2000), Garet et al. (2001), Gregory (2013), and 

Gregory et al. (2014) on implementation of locally sourced; on-site professional development 

is outlined above.  As a whole, these researchers demonstrate the importance and relevance of 

local, on-site teacher training and its inherent positive impact on instruction. 

State / federally funded, off-site professional development is examined in the 

following section.  The work of Cooper (2013); Reiser (2013); Rivera, Manning, and Krupp 

(2013); Lederman, Holliday, and Lederman (2012); Short (2014); Roth et al. (2015); and 

Lederman (2014) are examined as these are relevant to this topic. 

Cooper, in a 2013 editorial, discussed what the impact of NGSS (a federally supported 

and locally adopted construct) will be on students, educators, and their instructive methods 

and instruction needs as they pertain to chemistry teachers.  Although this article was written 

before Connecticut’s adoption of NGSS, it is still germane regarding the need effective 

professional development brought on by state requirements.  The author argued that teachers 

schooled in the traditional manner:  lecture format, rote memorization, calculations based on 

work examples, and filling numbers into formulas are going to have tremendous difficulty 

meeting the teaching requirements needed to meet NGSS (Cooper, 2013).  She clarified this 

by stating that the traditional teaching training of future educators will disserve them by not 
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developing their expertise in asking questions, visualizing and developing models, as well as 

arguing from evidence.  The author closed with the statement that says, “it is not what 

students know that is important, but what students do with that knowledge” (Cooper, 2013, p. 

680). 

In Reiser’s 2013 paper on the role of professional development in the implementation 

of Next Generation Science Standards (NGSS), he proposed that professional development 

should be embedded in subject matter, professional development needs to involve active 

learning, and professional development needs to be part of a coherent system of support.  The 

author intoned that existing teachers will require support, not only with learning the aspect of 

NGSS, but also in the method and skills necessary to implement the required changes and 

ideas described in this reform movement (Reiser, 2013).   

The author provided research-based recommendations on the best way to support 

teachers in their use of NGSS.  These are:  scaffold teacher learning around vibrant, quality, 

and recallable instruction experiences; make sure that teacher training and preparatory work is 

collaborative, usable, and aligned with NGSS; and embed usable hardware and software in 

teacher learning/ training so they will be comfortable using it with students (Reiser, 2013). 

Rivera et al.’s (2013) study described and evaluated a professional development 

program for Hawaiian science teachers integrating content knowledge instruction while using 

inquiry methods to conduct short duration research experiences.  The researchers conducted a 

mixed method study using pre- and post-analysis of teachers’ confidence in addition to 

observations and interviews.  The treatment last for four weeks in 2009 and took the form of a 

full time professional development program for 10 public school high school teachers from 

Hawaii.  The professional development program was funded by the National Oceanographic 
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and Atmospheric Administration and the instruction was delivered in Oahu at the University 

of Hawaii’s Windward Community College and University of Hawaii’s Manoa’s Institute of 

Marine Biology (Rivera et al., 2013).   

 
 

Figure 10.  Confidence Level of Instructors. 

This table shows impact of professional development on instructor confidence (Rivera, 

Manning, & Krupp, 2013, p. 229). 

 

The researchers reported that teachers found all parts of the research-based 

professional development program contributed to their professional development experience 

in a significant manner (Rivera et al., 2013).  The data showed that “possessing robust subject 

matter knowledge improves teacher confidence” and that “the ability to teach science 

effectively is not always alone a function of content knowledge” (Rivera et al., 2013, p. 233).  

Concerning confidence and comfort levels (see Figure 10), the self-reported levels of 
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confidence had shown statistically significant improvement (Rivera et al., 2013).  Overall, the 

results suggested that receiving professional development from practicing content experts is 

an effective means of improving teacher confidence in content and inquiry methodology 

(Rivera et al., 2013).   

Lederman et al. (2012) analyzed a science professional development program in which 

a museum and university staff worked collaboratively using museum exhibits to create an 

experience that supported teacher learning for content, pedagogy, and curriculum.  The 

sample accessed by the researchers consisted of Illinois teachers (n = 90) who taught grades 

four through eight The researchers collected data for their qualitative study by observing 

participants during the program (Lederman et al., 2012).  The data showed that content-based 

science exhibits increased collaboration between students and instructors while they were 

engaged in viewing the exhibits (Lederman et al., 2012).  In addition, the researcher found 

that there was a belief that Involvement in PD programs is encouraged, however, the quality 

of the professional development provided is not always have a good quality (Lederman et al., 

2012, p. 98). 

Another example of museums working cooperatively with large institutions to support 

teachers prepare for large state support mandates was described by Short (2014) in the 

following article.  The American Museum of Natural History, WestEd, and Biological 

Sciences Curriculum Study using Carnegie Corporation funding created a set of tools and 

processes that were being field tested by the early adopters of the NGSS Standards (Short, 

2014).   

This project occurred from 2010 to 2015 and the materials produced are available 

online for educator use.  The intent was to support teachers in states that adopted the NGSS 
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standards in the ability to teach using the three dimensions of NGSS- science and engineering 

concepts, crosscutting concepts, and disciplinary core ideas.  The BSCS 5e model was used to 

develop and model instruction practices (Short, 2014).  In addition to supporting educators in 

science standards, Short stated that “museums can develop educational materials to help 

teachers focus on teaching science while also supporting nonfiction reading and writing—in 

other words, literacy in the service of teaching science” (2014, p. 30). 

Roth et al. (2015) analyzed the effectiveness of the consensus model of professional 

development.  The sample accessed for the qualitative part of the study consisted of teachers 

(n = 144) from the Colorado’s front range.  The video-based case study looked at teacher 

interactions as they analyzed content, teaching, and learning in small, grade-level groups led 

by a PD leader.  The study took place for an academic year and consisted of a two-week 

summer institute and a monthly 3.5-hour meeting (Roth et al., 2015).  Roth and colleagues 

proved that a long-term professional development program could lead to significant 

improvement in student science learning as well as the importance of teacher content 

knowledge and their ability to analyze student thinking (Roth et al., 2015).   

State-based professional development, usually in the form of a partnership with an 

experiential learning museum or university is supported by the work of Cooper (2013); Reiser 

(2013); Rivera, Manning, and Krupp (2013); Lederman et al. (2012); Short (2014), Roth et al. 

(2015), and Lederman (2014). 

Overall, support is vital to educator success.  This support can take the grassroots form 

of the grade and school level of the PLC, the locally augmented and district based 

professional development programs, or the state-based partnerships that act in support of large 

state or national mandates.  Although the afore-mentioned supports vary greatly in their 
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format, scale and funding, they are all necessary to increase student performance and help 

them meet the demands of the ever-changing market places they will soon enter.  Key studies 

in support of  teachers are outlined in Table 9. 

In Support of Teachers 

Table 9  

Key Studies in Support of teachers 

Citations Purpose Sample/ Methods Findings/ Outcome 

Akerson, V. 

L., Morrison, 

J. A., and 

McDuffie, A. 

R. (2006) 

To examined the 

views, and the 

retention of these 

views, of 19 pre-

service elementary 

teachers as they 

learned about nature of 

science (NOS). 

This study reports on (n 

= 17) students working 

toward a master’s in 

teaching (MIT) degree in 

elementary education.  

All students were in the 

first year of their 

programs. 

We found that students 

made substantial 

improvements in their 

understandings of the target 

aspects of NOS because of 

their participation in an 

explicit reflective science 

methods course.  At the 

second administration of the 

questionnaire, most students 

exhibited a marked 

improvement in their 

understandings.   

Kang, E. J., 

Bianchini, J. 

A., and Kelly, 

G. J. (2013) 

To examine pre-

service teacher 

participants’ ease in 

crossing the cultural 

border from traditional 

science student to 

inquiry-minded 

science teacher. 

A cohort of pre-service 

(n = 8) secondary 

science teachers from a 

small, fifth-year teacher 

education program 

completed two, eight-

week student teaching 

placements in local 

junior high and high 

schools.  

Teachers who have engaged 

in group discussions with 

fellow teachers or to 

collaborate on projects with 

colleagues are expected to 

develop a more profound 

understanding of content 

and pedagogical practices.  

For pre-service teachers 

intent on teaching science as 

inquiry, learning also means 

mastering the language and 

practices of inquiry-oriented 

science to serve as 

competent cultural guides 

for students.  inquiry-

oriented science to serve as 

a cultural guide for students.   

 

(Continued)  
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Table 9  

Key Studies in Support of Teachers 

Citations Purpose Sample/ Methods Findings/ Outcome 

Irez, S. (2006) To determine the effect 

of pre-service beliefs 

on NOS.  

This study focuses on a 

group of prospective 

science teacher educators 

(PSTE) who, at the time 

of the study, were 

studying abroad as a part 

of the Turkish 

government’s strategy to 

improve the quality of 

teacher education and 

assesses the beliefs of 

these teacher educators 

regarding NOS.  

For almost all participants 

holding naıve or eclectic 

beliefs about NOS in this 

study, a lack of previous 

reflection regarding NOS 

was detected.  Developing 

practicing science teacher 

educators’ understandings 

of NOS requires a 

collaborative work 

environment that is 

committed to professional 

development.   

Maeng, J. L., 

Mulvey, B. 

K., Smetana, 

L. K., and 

Bell, R. L. 

(2013) 

To describe how pre-

service science 

teachers, promote 

students’ inquiry skills 

by engaging students 

in science inquiry 

using technology. 

26 participants who used 

technology to support 

such instruction were 

selected from the 27 

participants of previous 

investigations.  These 

participants were 

enrolled in a 2-year 

Master of Teaching 

program at a large, 

public Mid-Atlantic 

University and were 

seeking initial teaching 

licensure in earth 

science, biology, 

chemistry, or physics. 

Results indicated that 

participants incorporated 

technologies appropriate to 

the content and context to 

facilitate non-experimental 

and experimental inquiry 

experiences.  Participants 

developing TPACK was 

evidenced by their selective 

and appropriate use of 

technology.  These results 

suggest that using digital 

images to facilitate whole-

class inquiry holds 

considerable promise as a 

starting point for teachers 

new to inquiry instruction. 

Arnell, R. 

(2014) 

To examine if 

teachers’ personal 

beliefs before entering 

these communities 

influenced their 

engagement. 

The participants for the 

study consisted of nine 

certified educators who 

were engaged in the 

Classroom 2.0.  These 

included teachers from 

various educational 

settings that included 

parochial, private, and 

public schools. 

Findings indicated that 

while teachers’ previously 

held ideas were not 

significantly altered, the 

social, supportive 

environments created 

through virtual learning 

communities made a 

suitable setting for 

professional development.   

 

(Continued)  



 94 

Table 9  

Key Studies in Support of Teachers 

Citations Purpose Sample/ Methods Findings/ Outcome 

Datnow, A., 

Park, V., and 

Kennedy-

Lewis, B. 

(2013) 

To examine teacher 

collaboration time for 

the purposes of data-

driven decision 

making. 

The paper draws upon 

qualitative case study 

data gathered in six 

schools that structured 

teacher time for 

collaboration on data use. 

An analysis of the data 

revealed that a variety of 

leadership activities and 

organizational conditions 

shaped teachers’ 

collaborative work with 

data.  These included 

leadership focused on 

thoughtful use of data and 

the framing of data-driven 

decision making in terms of 

collective responsibility; the 

establishment of norms for 

collaboration; and the 

implementation of data 

discussion protocols. 

Hancock, K. 

E., Naber, J. 

L., Cross, S., 

and Mailow, 

T. L. (2016)  

To determine the 

effectiveness of peer 

teaching from the 

nursing student 

perspective. 

The sample (n = 62) was 

composed of nursing 

students at a mid-size, 

Southern university. 

Benefits of peer-teaching:  - 

Increased student learning  -

Review of previously 

learned skills  -Improved 

communication skills  -

Greater confidence   

Reiser, B. J., 

Michaels, S., 

Dyer, E., 

Edwards, K. 

D., and 

McGill, T. A. 

(2016) 

This study examines 

the use of the practice-

based professional 

learning model in an 

effort to scale up 

professional 

development. 

n = 198.  Teachers from 

a Midwestern state that 

includes a major urban 

center, suburbs, and rural 

areas. 

Teachers’ 3D science 

learning scores increased 

dramatically from pretest to 

posttest.  These higher 

scores reflect more accurate 

and more mechanistic 

explanations for the 

phenomena on the posttest.  

The large effect size 

indicates a large gain in 

teachers’ science learning 

about the nature of matter.  

Thus, the PD appears to 

have influenced some of the 

traditional views that could 

be at odds with 

implementing NGSS.   

 

(Continued)  
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Table 9  

Key Studies in Support of Teachers 

Citations Purpose Sample/ Methods Findings/ Outcome 

Erickson, A. 

S. G., Noonan, 

P. M., and 

McCall, Z. 

(2012) 

To examines the effect 

of online professional 

development in 

secondary special 

education and 

transitions in rural 

districts.   

n = 86.  Participants 

came from the mid-west 

and northeast. 

Results indicated that rural 

SPED teachers who 

participated in the online 

PD gained knowledge, 

increased personal capacity, 

to apply research based 

practices, and 

complemented research 

based transition practices 

within their rural 

classrooms.   

Larsen, K., 

and 

Bednarski, M. 

(2011, 

September) 

To measure the effect 

of both 3-D models 

and a digital full-dome 

planetarium show on 

fifth grade students’ 

understanding and 

misconceptions 

concerning seasons, 

eclipses, and lunar 

phases. 

Three elementary schools 

from Bristol, 

Connecticut, were 

selected for this study.  n 

= 106. 

The results demonstrate that 

while instruction using 3-D 

models does increase 

student understanding of 

these topics, providing a 

planetarium show after 

instruction increases student 

understanding even further.   

  



 96 

The final category of research was conducted to determine what could and should be 

done to support educators in implementing inquiry instruction.  Studies pertaining to pre-

service teacher science teacher training, collaborative teacher instruction and enhancement, 

cross-curricular training and instruction, and support of state mandated science reform in the 

configuration of NGSx and Next-Gen CT. 

Pre-service teacher science teacher training is put forth in the following section.  The 

works of Irez (2006), Akerson, Morrison, and McDuffie (2006), Kang, Bianchini, and Kelly 

(2013), and Maeng et al. (2013) are examined and are relevant to this topic. 

Irez (2006) conducted a qualitative study exploring the beliefs of Turkish science 

teacher regarding the Nature of Science (NOS) when viewed through the lens if their 

education reform movement.  The study focused on a group of prospective science educators 

studying abroad in a government endorsed program with the goal of improving the quality 

and scope of the teachers’ preparation with the goal of assessing these individuals’ beliefs 

about NOS.  The group was made up of six females and nine males.   

All the participants received their initial degrees from Turkish Universities and were 

working in multiple other countries in pursuit of their doctoral degrees (Irez, 2006).  The 

methodology used in the study, as described by the researcher, was a reflection oriented 

qualitative approach in which data were collected through face-to-face interviews and then 

analyzed by coding for emergent themes (Irez, 2006).  It is pertinent to note that the OSS, or 

university entrance exam, is the goal of secondary academic preparation.  The memorization 

and its subsequent recall for the OSS is the goal of students and leads to didactic instruction; 

all of which lead to little or no hands-on or inquiry based learning (Irez, 2006).   
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The researcher found that the participants thought little about their previous help 

beliefs and that this lack of reflection could lead to the continuation of this cycle of teaching 

to a test leading to the constant need for didactic delivery of facts.  This cycle needs to be 

broken to create progress in the Turkish education system.  This government program 

identified this challenge and attempted to remedy it by preparing its educators out of the 

country in a more inquiry-oriented environment (Irez, 2006).  Irez (2006) saw the Turkish 

system as a cautionary tale as to what could happen if too much emphasis is placed on high-

stakes testing. 

Akerson et al. (2006) studied the views, and retention of those views as pre-service 

teachers learned about science.  This qualitative study looked at a cohort (14 female, 1 male) 

of pre-service teachers that were taking an elementary science methods course; the 

researchers collected data throughout the entire semester (Akerson et al., 2006).  The 

researchers compared teacher conception about the nature of science from the beginning of 

the semester and compared them with those same views at the end of the semester.  An open-

ended questionnaire (View of Nature of Science- B) was used as well as semi-structured 

interviews (Akerson et al., 2006).  The outcome of the research was that reflection on 

scientific practice brought about improvements in understanding of science (Akerson et al., 

2006).   

Kang et al. (2013) examined pre-service teachers in moving from traditional science 

students to inquiry-minded science teachers.  The sample (eight junior high and high school 

place student teachers) for this qualitative study was accessed while attending a fifth-year 

teacher education program in southern California.  While participating in the two eight-week 

student teaching assignments, they concurrently were attending three science courses on the 
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nature of science, science instructional methods, and professional issues.  Data were collected 

through videotaped inter-actions of teachers; peer review of inquiry lesson plans, and finally 

paired interviews of the participants (Kang et al., 2013). 

Maeng et al. (2013) described how pre-service teachers promoted students’ skills 

using technology and inquiry.  The sample accessed by the researchers consisted of (n = 26) 

educators who used technology to support their teaching.  The sample consisted of 10 males 

and 16 females.  The group was enrolled in a two-year master’s program at a large, public 

university in the mid-Atlantic states.  Everyone in the group held degrees in a natural science 

and were seeking licensure in earth science, physics, or chemistry (Maeng et al., 2013).   

The format of this study was a qualitative case study with the focus of ascertaining the 

effectiveness of using the Technological Pedagogical Content Knowledge (TPACK) 

framework in science classrooms.  Data for the study was collected through classroom 

participant interviews, observations, lesson plans, presentations, and reflections (Maeng et al., 

2013).  The results of the study indicated that the participants in the study were using 

technology appropriately in their classroom regarding content and context.  This 

augmentation of instruction using TPACK was gauged by the participants’ appropriate and 

selective use of technology (Maeng et al., 2013).   

The researchers found that appropriate technological use included:  presenting an 

engaging introduction, facilitate data collection, to facilitate data analysis, and facilitate 

communication and discussion of results (Maeng et al., 2013).  These four aspects of 

appropriate technology are a valid addition to the knowledge base needed by practicing 

teachers.  The research conducted by Irez (2006), Akerson et al. (2006), Kang et al. (2013), 
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and Maeng et al. (2013) supports the improvements in pre-service teacher science teacher 

training to increase teacher effectiveness and improved student performance.   

Learning from peers in a collaborative setting has long been a goal of teachers in 

science classrooms.  Although this often occurs informally, it is not the common and accepted 

method of instruction for adult professional development.  The work of Datnow, Park, and 

Kennedy-Lewis (2013), Arnell (2014), Hancock et al. (2016) were used to examine 

collaborative instructional practices and determine if they are an effective way to enhance 

teacher knowledge and instructional effectiveness. 

Datnow et al. (2013) investigated what helps or constrains teacher collaborative time 

when making data-driven decisions.  The study used a qualitative purposive sampling to 

collect data from six diverse public school districts in Arizona (9-12), California (K-12), and 

Texas (PK-12).  The six school districts had a combined student population of 122,505 and 

the sample (n = 95) of interviewees was composed of administration and teachers.  The study 

took place from 2006 to 2008 (Datnow et al., 2013).   

The research team conducted site visits to individual schools and the district central 

offices that lasted between two and three days.  When visiting, the research team would 

interview two to three administrators at central office, two to three administrators at each 

school, and teachers across grade levels and academic disciplines; the interviews lasted 

between 45-60 minutes; data consisted of interviews and informal discussions (Datnow et al., 

2013).  The following were brought to light: 

 Structured collaboration time with an agenda for instructional change was needed 

for data driven decision making (DDDM) to take place.  The participants expressed 

that using data focused their decision on quantifiable data rather than anecdotal 
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information, because it allowed all participants to have a common starting point 

(Datnow et al., 2013).  Some constraints found were that when data indicated that 

re-teaching needed to take place, it was often difficult to determine what, how, and 

when to reteach the missed content, while still maintaining fidelity with the district 

pacing maps (Datnow et al., 2013).   

 Leadership dedicated to and focused on the thoughtful use of data to improve 

instruction and learning was essential if DDDM is to take place (Datnow et al., 

2013).  It was noted by participants that for buy-in to be wide spread, time would 

be needed to become comfortable with the new data management and analysis 

programs (Datnow et al., 2013).   

 Framing of data discussion as a collective discussion was a means utilized to create 

instructor buy in—this approach was both helpful and difficult for instructors 

(Datnow et al., 2013).  On the one hand, it allowed instructors to look at instruction 

in an impersonal manner and make decisions based on data not individuals.  On the 

other hand, it was difficult to implement possible life (student) altering decisions 

without taking the individual effects into account (Datnow et al., 2013).   

 Developing and setting norms and discussion protocols was a method used for data 

discussion.  Meetings would be conducted and would set expectations for 

professional conduct and accountability (Datnow et al., 2013).  These norms and 

protocols were helpful, but brought up issues of data integrity (were teachers 

cleaning data) and focusing on the tasks of data analysis rather than the discussion 

of the data’s relevance and meaning. 
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This study was a great analysis of how data could be used to support and focus 

collegial collaboration with the goal of improving instruction and learning.  Though some 

impediments were found in the form of missing skills, confidence in the process of DDDM, 

and the process of DDDM it seems that, with further training this can be used as a powerful 

tool to bring about wide spread change in a district. 

Whereas the above study looked at collaboration at the district level, the study by 

Arnell (2014) examined how participation of individual teachers enhanced their practice and 

changed their personal beliefs when participating in a virtual collaborative community.  This 

qualitative study analyzed the experience of educators (n = 9) who took part in Classroom 2.0 

and Flat Connections virtual communities.  

The participants were from various public, private, and parochial educational settings 

from across the U.S. (Arnell, 2014).  Flat Connections is a personal, collaborative, and 

challenge-based platform where learners work together through online collaboration and 

actions to design programs to ensure success in global competency, cultural awareness, and 

digital fluency.  Flat connected-learning allows all learners to have freedom to communicate 

across borders rather than up or down—with no hierarchy (Lindsay, 2016).  Classroom 2.0 is 

a community-supported social network with the goal creating a safe area for education-based 

discussions, a platform for learning, and connecting with colleagues on a global scale 

(Hargadon, 2016).   

The format of the study was a qualitative, purposive case study.  Data were collected 

from two semi-structured interviews with the participants as well as analysis of their digital 

records from the two sites (Arnell, 2014).  The use of open coding allowed for themes to 

emerge that explained the use of personalized learning networks instruction based growth and 
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social network based collaboration (Arnell, 2014).  The findings of this study showed that 

there was no major change in personal beliefs after participation in these social and supportive 

environments.  The researcher stated that these virtual communities were a suitable setting for 

professional development (Arnell, 2014).  These findings have relevance to the present study 

because anyone anywhere can participate in these communities allowing for widespread cost-

free change. 

Hancock et al. (2016) analyzed peer teaching from the perspective of the learning 

professional.  This qualitative case study looked at the learning experience of a cohort (n = 

62) nursing students (female = 52, male = 9, and unknown = 1) at a mid-sized southern 

university.  The researchers administered the survey and follow-up interviews to identify 

strengths and weaknesses in peer teaching and used this data to inform their literature review 

of similar studies (Hancock et al., 2016).   

The researchers indicated the following benefits of peer teaching:  increased student 

learning, review of a priori knowledge, improved communication skills, greater confidence, 

and self-discovery of strengths and weakness in instructional practices (Hancock et al., 2016).  

Although this study analyzed experiences of nursing students, it correlates to the experiences 

of educators taking part in collaborative learning and work initiatives.  The research 

conducted by Datnow et al. (2013), Arnell (2014), and Hancock et al. (2016) supports the 

effectiveness of collaborative learning projects and training as a means to enhance teacher 

knowledge and increase instructional effectiveness. 

Relatedly, the use of literacy to augment science instruction is a way to increase 

student performance.  The following section investigates this type of cross-curricular training 

and instruction.  The research done by Pearson, Moje, and Greenleaf (2010) and Gregory 
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(2013) outline these methods and the outcomes of integrating literacy instruction with science 

instruction. 

Pearson et al. (2010) examined the relationship between inquiry science and literacy 

teaching in a K-12 environment through a conceptual and empirical lens.  The method used 

by the researchers was a literature review.  The review led the researchers to believe that 

science literacy instruction should engage learners in decoding and understanding from 

science writing as a form of scientific inquiry.   

Scientific literacy viewed as inquiry will act as an augmentation of scientific inquiry 

rather than a substitution for it (Pearson et al., 2010).  The researchers found that when a 

literacy activity is based in scientific inquiry students will learn how to write in a scientific 

manner and read science text while participating in, thinking about, and learning science 

(Pearson et al., 2010).  Science provides a setting in which students are intellectually 

obligated to make sense of data, draw inferences, construct arguments based on evidence, 

infer word meanings, and, of course, construct meanings for text—the very dispositions 

required as good readers and writers (Pearson et al., 2010). 

Gregory (2013) conducted a qualitative case study looking at integration of literacy 

instruction with science laboratory courses.  The researcher, a research librarian, instructed (n 

= 3) science-teaching assistants (TAs) in the use of literature analysis to better understand 

content relevant writing; the study took place at the University of Colorado in Denver.  Data 

were collected by the researcher using observation and interviews (Gregory, 2013).  The 

researcher showed that, in order to effectively instruct these TAs, she needed to attain their 

buy-in for the importance of integrating literacy in their instruction as well as increase their 

confidence in utilizing these new instructional approaches. 
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The research done by Pearson et al. (2010) and Gregory (2013) supports the use of 

literacy to augment science instruction to increase student understanding, inquiry proficiency, 

and performance.  In addition to initial training and supporting classroom instruction, state 

mandated science reform acts as a form of support.  Learner et al. (2012) and EDC (2016) 

examined the NGSS and offered possible ways in which these reforms will impact instruction 

and learning.  

Lerner et al. (2012) examined K-12 standards in all 50 states with the aim of 

evaluating them for intrinsic clarity, completeness, and scientific correctness.  The research 

organization, The Fordham Institute, has a stated mission to reform education through 

research, analysis, and advocacy (Wright, 2011).  This study gathered a panel of experts who 

employed content-specific criteria in conjunction with a common grading metric to analyze 

and assess 2005 and 2012 National Assessment of Progress (NAEP) scores (Lerner et al., 

2012).  The use of the criteria and grading metric yielded a two-part score:  a one to seven 

score for content and rigor, and a zero to three score for clarity and specificity, which was 

tallied and then converted to a letter grade (Lerner et al., 2012).  Even though this study 

looked at all 50 states, based on the nature of this dissertation, Connecticut’s results will be 

the primary focus.  In both the 2005 and 2012 NAEP assessments, Connecticut scored a C 

minus for state science standards.  The researchers found that Connecticut state standards 

were well written as well as generally strong in content as far as depth and rigor is concerned, 

but had some shortcomings (Lerner et al., 2012).  The standards had a few scientific errors 

and some missing content material.  These challenges, coupled with the sometimes vague 

description of concepts and lack of guidance on how knowledge and skills should be learned 

by students led to a score that is slightly below the national average of C. (Lerner et al., 2012).   
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The report by Lerner et al. (2012) offers insight in how science teaching occurred in 

Connecticut, while educators operated under Prekindergarten to grade eight science 

curriculum standards, which were published in 2010.   

The literature review and commentary offered by EDC (2016) gives insight as to how 

to teach and learn under the guidance of the NGSS.  The authors of the study stated that 

NGSS should act as a guide and not a curriculum.  They also noted that, when planning and 

carrying out investigations, students should experience science investigations as a “struggle 

type experience” without pre-determined results and it should be an iterative experience in 

which students are allowed and encouraged to refine results through observation and 

discussion (EDC, 2016).  The author went on to state “if students only encounter preplanned 

confirmatory investigations following step-by-step procedures that ensure the desired 

outcome occurs, then important and relevant thinking and designing practices and struggles 

that are part of doing science and engineering get stripped away” (EDC, 2016, p. 3).   

The researcher shared the following features that should be present in professional 

development in preparing teachers to use the features of NGSS:  focus on subject-matter 

content rather than general instructional practices; sensitivity to content and grade level being 

taught by professional development participants; use real-life examples of classroom 

interactions so as to actively engage participants and allow for better understanding and 

problem solving; teach in a collaborative and discussion based manner to model the way in 

which students will be learning using NGSS; allow sufficient quantity sessions of adequate 

duration; and finally, school policy and practice must align with and promote the desired 

change (EDC, 2016). 
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The writing of Learner et al. (2012) and EDC (2016) offers a view of how life will be 

impacted by the NGSS.  They also mentioned that additional training is needed to allow for 

success using these reforms.  In the following section, two modalities used by the Connecticut 

Department of Education are described and analyzed. 

NGSx is a model in which a cadre of content-expert professional development 

facilitators are trained and then used to conduct face-to-face technology-enhanced learning 

sessions.  The research and work of Moon (2012), Reiser et al. (2013), and Beaudoin et al. 

(2013) studied this phenomenon.   

Moon (2012), in her introduction of a workshop on the communication practices, 

described how the Tidemark Institute developed the NGSx program.  The NGSx program is 

designed on a web-based platform that was created around three aspects of high performing 

professional development:  professional development must be embedded in subject matter, 

professional development tasks must involve active sense making and problem solving, and 

professional development must—for this sense making to occur—use tools, tasks, and 

resources that connect to the previous experiences of the learner (Moon, 2012).  She went on 

to describe NGSx to support teachers in bringing science practices, such as modeling, 

argumentation, and explanation, to learners (Moon, 2012).  The web-based professional 

development program is composed of seven units, each taking approximately 24 to 30 hours 

to complete, designed for a 15 – 20-person face-to-face study group-like community (Moon, 

2012).  The study group accesses the web-based system together using any smart device to 

take part in the online program.  Each unit contains “embedded content and pedagogical 

expertise presented in TED like talks, classroom video cases, and an embedded library of 

supportive tasks, tools, and resources” (Moon, 2012, p. 1).   



 107 

Reiser et al. (2013) designed a professional development program that teaches 

teachers to instruct using the three dimensions described by NGSS.  The researchers attained 

data for this study through use of a literature review.  Their goal was to design approaches for 

supporting teacher learning how to bring 3D science into the classroom and how to augment 

instructor expertise when doing so (Reiser et al., 2013), see Table 10 below.  

Table 10  

The NGSx Pathway to Three-Dimensional Learning Experience and Pedagogy 

Unit Foci 

How do we develop and use 

models? 

-  Developing and using models to explain matter 

phenomena 

-  Connecting the experience to key shifts in the 

Framework 

How can we evaluate and revise 

models based on evidence? 

-  Revising models based on evidence 

-  Identifying key characteristics of science practices 

How does discussion support 

argumentation, explanation, and 

modeling? 

-  Analyzing practices in classroom discussion 

-  Updating model of science practices 

How do we build a classroom 

culture that supports public 

reasoning? 

-  Analyzing talk moves in classroom discussions 

How do we help student argue 

from evidence for a particle 

model of matter? 

-  Analyzing a middle school classroom case of 

students developing models to explain air phenomena 

What types of tools help students 

refine models over time and 

develop deep explanations of 

science phenomena? 

-Analyzing a high school classroom case of students 

engaging in argumentation to model air pressure 

phenomena 

How do we bring three-

dimensional learning into our 

own classrooms? 

- Integrating science practices to adapt existing 

instructional units 

Note. Adapted from (Reiser et al., 2013, p. 7).   

 

The three areas, or pathways, of teaching and learning articulated by NGSS are:  

learning goals should focus on disciplinary core ideas (DCIs) that are rich and robust enough 
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to allow learners to make sense of their world; learners should use science and technology to 

establish and implement these ideas; and students should develop these ideas in an iterative 

manner, that is, to revisit and reinvestigate over time (Reiser et al., 2013).  

NGSx, as described above, was designed help instructors to bring these 3D pathways 

into classrooms (see Table 11).  The researchers explained that training teachers to teach 

using these 3D pathways requires an immersive approach in which the learner experiences the 

practice as a learner as well as an instructor.  This is done by teachers who analyze examples 

of classroom practice and work cooperatively to determine the best way in which to apply 

them to their instructional environment (Reiser et al., 2013).  

In addition to the above empirical investigation, Reiser et al. (2013) conducted a 

quantitative study that examined practice-based professional development practices.  This 

mixed method study took place in a Midwestern state looking at the effect of the professional 

development on teachers’ knowledge, perception of readiness for NGSS, and teacher held 

beliefs about teaching and learning science.  The sample for the study consisted of teachers (n 

= 198) taking part in a National Science Foundation funded Math and Science Partnership 

NGSS training program (Reiser et al., 2013).   

The data for the study, which used no comparison group, was attained through online 

surveys taken one week before program started and then again on its last day.  It was found 

that teachers’ 3D science learning increased drastically from pre-test to post-test.  The 

researchers felt that these increased scores reflected a better understanding of what was being 

asked and a large gain in their learning about the nature of matter.  These professional 

development programs allowed the teachers to have increased confidence in teaching in 
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accordance with NGSS (Reiser et al., 2013).  In all, this study exemplifies the effectiveness of 

using a 3D approach to professional development. 

Beaudoin et al. (2013) conducted a study in which university members incorporated 

discovery and active learning strategies in a professional development program specially 

designed for biology and geometry instructors.  The sample of Florida teachers (n = 74) was 

chosen based on their participation in the two-week long professional development program.  

Data for this study were collected at the end of the program via a Likert-like survey in which 

participants rated eight aspects of the program from one to four (Beaudoin et al., 2013).  The 

researchers found that, although utilization of technology in the form of clickers, was 

considered helpful the most important aspect of the program to the participants was being able 

to collaborate with other participants in the creation of lesson plans (Beaudoin et al., 2013).  

This study added to this literature by highlighting the importance of collaboration and the 

cohort design in professional development programs such as can be experienced in the NGSx. 

Moon (2012), Reiser et al. (2013), and Beaudoin et al. (2013) support the notion that a 

program as if the hybrid-instruction model NGSx is effective, based on their exemplification 

of classroom practice, collaboration and cohort design as well as a 3D approach to 

professional development. 

Finally, studies by Erickson, Noonan, and McCall (2012), Larsen and Bednarski 

(2011), and Rientes, Brouwer, and Lygo-Baker (2013) investigated how online professional 

development can be used to increase effectiveness and capacity, the effectiveness of 3D 

modeling in instruction and learning, and its effect on technological pedagogical content 

knowledge (TPACK). 
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In addition to NGSx, there is a purely online program being used by Connecticut.  The 

vision of Next-Gen CT started in 2014 in response to the need for professional development 

in “science teaching and learning that represents the vision, principles, goals, and instructional 

shifts called for in a Framework for K-12 Science Education and the Next Generation Science 

Standards” (U.S. Department of Education, 2016, par.7).   

The project was funded through a multiyear math and science partnership grant led by 

the Connecticut Center for Advanced Technology in partnership with Central Connecticut 

State University, University of Hartford, Connecticut Department of Education, and 

Curriculum Research and Evaluation (Next-Gen Science CT, 2016).  Funding for the project 

started in February 2014 and ended in September 2016; the project had three creation phases 

in which participant educators became trained and created content for the online short-course 

modules.  Phase One (2014) of the project took the form of professional development in 

which the educators received intensive training in hands-on, minds-on inquiry instruction 

while focusing on developing models, asking questions, using and encouraging argumentation 

with supporting evidence, and constructing explanations.  This phase also included 

participation in webinars and exercises that focused on the National Research Council’s 

(NRC) Framework for K-12 Science Education and NGSS all the while keeping the question 

“Is it next-gen” in mind (U.S. Department of Education, 2016).   

Phase Two (2014-2015) of the project involved transitions from the intensive 

professional development and inquiry training of the participant teachers to a more PLC 

oriented model in which teachers modified and implemented lessons in their classrooms that 

reflected their phase one understandings and abilities (U.S. Department of Education, 2016).  

These educators received ongoing oversight from the instructional staff as well as peer-to-
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peer feedback and support.  Besides interviews of participants, data in the form of audio and 

video showing key aspects of next-gen science were collected.  Finally, ongoing face-to-face 

seminars, webinars, and online discussions took place to sustain and maintain the energy and 

focus of participants (U.S. Department of Education, 2016).  Phase Three (2015-2016) was 

the development of, and piloting of the online-short course.  This involved the integration of 

instructional team materials, session work products, teacher and student exemplars of next-

gen style work.  Once this was collected, participants provided ideas for and feedback about 

the course and then eventually they piloted the course with an eye toward content and 

technical feedback (U.S. Department of Education, 2016).  Initial release and rollout of the 

first three modules occurred in early 2016 and as of this writing; modules are being released, 

as they are deemed ready.  

The study conducted by Erickson et al. (2012) looked at the effectiveness of online 

professional development  professional development as it relates to increased effectiveness 

and capacity in education.  This mixed method study accessed a sample (n = 86) of rural 

special education secondary educators from the Midwest and the Northeast.  Quantitative data 

were collected using demographic surveys, competency pre- and post- Likert-like surveys 

online and qualitative data were attained through semi-structured interviews (Erickson et al., 

2012).   

The data showed that rural special education teachers who took part in the online 

professional development offering gained knowledge, increased personal capacity, were able 

to apply research-based practices and implement research-based transition practices in their 

classrooms.  The online professional development increased the educators’ self-assessment of 

their competency in transition students from below that of their suburban colleagues to being 
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the same (Erickson et al., 2012).  This study is supportive of using online professional 

development, similar to NGSx, to increase effectiveness and capacity of educators. 

Larsen and Bednarski (2011) conducted a study that measured the effect of both 3D 

models and a digital full-dome planetarium show on fifth grade students’ understanding and 

misconceptions concerning seasons, eclipse, and lunar planes.  The sample (n = 106) for the 

study was accessed from three elementary schools located in Bristol, CT.  The researchers in 

each school were trained in using a 3D Moon and Earth model as well as a lunar phase 

demonstrator.  Each teacher agreed to use the same 3D activities as well as administer the 

same three-question assessment before the activity and then after (Larsen & Bednarski, 2011).  

The researchers showed that teacher training in teaching with and use of 3D models by 

students increased their understanding.  The attendance of an authentic experience, like a 

planetarium, further enforced and augmented that learning (Larsen & Bednarski, 2011).  This 

study serves to highlight the effectiveness of 3D modeling in instruction and learning. 

Rientes et al. (2013) studied the effect of online professional development on higher 

education teachers’ beliefs toward instruction and technology.  The sample for this study 

consisted of academics (n = 73) from nine higher education institutions in the Netherlands 

that took part in a four part online professional development focused on collaborative 

knowledge building.  Most participants were from the Netherlands with others of international 

origins (Rientes et al., 2013).   

This quantitative study looked at four modules of instruction reflecting a total of 20-25 

hours of time to complete.  The cohort was separated into smaller groupings with the 

objective of discussing teaching and learning challenges encountered at their different 

institution.  All the peer-to-peer meetings took place online in virtual classrooms and after the 
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meetings, the instructors would redesign and implement change discussed during their 

meetings in their daily teaching practice (Rientes et al., 2013).   

Data were collected for the study using a TPACK and teacher belief and intention 

(TBI) 18-question instrument modified for use with higher-education instructors.  The 

“Cronbach alpha for this instrument was ≥ .60; indicating reasonable reliability” (Rientes et 

al., 2013, p. 15).  The researchers estimated and described the effect of professional 

development by taking the “standardized difference of two means (Cohen’s d) effect size 

when paired sample-tests are significant at a 5% confidence level” (Rientes et al., 2013, p. 

16).   

The findings were that TPACK scores increased after participation in the professional 

development program, with only three of the 73 showing significance with a 5% confidence 

interval and the TBI scores demonstrated significant change in knowledge transmission 

methodology from instructor centered to learner centered, but due to a low (≥ 0.45) Cronbach 

alpha, caution should be used in looking at this result (Rientes et al., 2013).  The work of 

Erickson et al. (2012), Larsen and Bednarski (2011), and Rientes et al. (2013) demonstrated 

the positive effect that online professional development on the effectiveness and capacity of 

instructors, the effectiveness of 3D modeling in instruction and learning, and its effect on 

technological pedagogical content knowledge (TPACK). 

Summary 

In summary, the literature shows that inquiry-based instruction may allow students to 

perform at a higher level, but special attention must be given when looking at the teaching 

experience, the process intrinsic to teaching in general and inquiry instruction specifically, the 

difficulty encountered when instructing using inquiry, the improvement of the craft of 
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teaching and the reform movements at local, state, and federal levels.  The next section 

addresses the method of the study. 
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CHAPTER 3:  METHOD 

Overview 

The purpose of this study was to explore the perspectives of practitioners utilizing 

inquiry-based instruction from 35 Connecticut school districts.  The participants in this 

research were members of the Connecticut State Science Assessment Advisory Committee  

(SSAAC), which, in conjunction with their teaching assignments, acted to bound the research. 

The research was a case study design grounded in Merriam (2009) and Yin (1994).  In 

developing the study, the researcher was drawn to Merriam’s (2009) constructivist steps to 

design a qualitative study as well as Yin’s post-positivistic data gathering tools. 

Data analysis was conducted in a manner consistent with a grounded theory approach.  

In his paper on the use of data analysis, Kohlbacher expounded on the nature of case study as 

a “heterogeneous activity” that encompasses a variety of methods, a “range of coverage,” and 

types of analyses (2006, p. 5).  The data analysis was grounded in the works Corbin (1997), 

Glaser (1967), Stake (1995), and Strauss (1997) on grounded theory.  This chapter more fully 

describes and develops each component of the research methods used. 

Research Design 

Case study was utilized to design the study.  Case study, as defined by, Merriam 

(2009) is “an in-depth description and analysis of a bounded system” (p. 40).  It is necessary 

to determine and bound, or “fence in” (p. 40), what is being studied (Merriam, 2009).  Stake 

(1995) reinforced this concept with the idea that a case study must be “bounded” with the goal 

of gaining cohesiveness through specificity” (p. 2).   

Merriam (2009) further clarified that the bounded system defined the case.  Yin (2009) 

proposed that a case study design should be utilized when the researcher is looking for a how 
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and why, no behavior will be manipulated, the phenomenon is best observed in situ, and the 

delineation between phenomenon and context are unclear.  The source of the participants and 

their teaching content choice acted to bound the research with educators who have a focus on 

inquiry science education in one northeast state (Stake, 1995).   

The researcher utilized Merriam’s suggested steps of qualitative design:  identify a 

research problem, construct a research question, conduct a literature review, construct a 

theoretical framework, and select a purposive sample (Yazan, 2015).  Each step is developed 

below. 

(a) Identify  the research problem  

Identify the research problem.  The development of the research question allowed 

the researcher to argue that the subject matter had importance, pertinence, and should not be 

forgotten or overlooked (Creswell, 2013).  In this case, the researcher explored inquiry-based 

instruction from the perspectives of stakeholders in science education in Connecticut.   

(b) Construct a research question  

Construct a research question.  A research question should be created in such a way 

that it is focused on “how participants describe and make sense” (Cassell & Symon, 2004, p. 

14) of a particular element of their lives.  The question should not enumerate individual 

experiences, nor should it reflect assumptions or predispositions (King, 1994).  The research 

question was:  What are the perspectives of science practitioners of inquiry-based instruction 

in Connecticut? 

(c) Conduct a l iterature review  

Conduct a literature review.  A literature review was undertaken in this qualitative 

research to focus the study, determine related previous research, and to “add to the face 

validity” of the study (Dooly, 2002, p. 339).  The in-depth literature review can be found in 

chapter two of this dissertation.  The literature review was conducted after data collection and 

analysis and is connected to the results of the study. 

(d) Theoretical framework  
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Theoretical framework.  Miles and Huberman (1994) stated that the framework:  

identifies who is included in the study, states relationships that may be present in theory and 

experience, and provide the opportunity to organize constructs into common themes.  This 

scaffolding acted to inform the study with a theoretical framework (Merriam, 2009).  

Furthermore, the framework functioned to moor the study as it developed and kept it 

structured (Baxter & Jack, 2008).  An in-depth theoretical review can be found in the first part 

of chapter two of this dissertation. 

 

Figure 11.  Description of Subjects and Settings 
(e) Purposive sample.    

 

Purposive sample.  The population was sampled using purposive sampling.  

Purposive sampling is a sampling technique used when “one needs to study a certain cultural 

Purposeful Sample 

35 Districts

Teachers(21),

Curriculum Leaders(4),

Professional 
Development Experts (2) 

State Officials (1)

What are the perspectives of 
science practitioners of inquiry 

based instruction in CT?

28 Participants
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domain with knowledgeable experts within”  (Tongco, 2007, p.147).  This qualitative, multi-

case study explored the perspectives of participants (n = 28).  As figure 11 shows, there were 

teachers (n = 21, curriculum leaders n = 4, professional development experts n = 2, and state 

education advisor/ teacher preparation expert n = )  involved with Connecticut schools.   

The researcher explored stakeholder perceptions of inquiry methodology and its 

utilization in science classroom instruction.  The source of the participants and their choice of 

teaching content acted to bound the research with educators who have a focus on inquiry 

science education (Stake, 1995).   

(f) Setting and Participants.  

Setting and participants.  There are 169 school districts in the State of Connecticut.  

They represent towns or cities (n = 169) as well as counties (n = 8).  In 2014, a workgroup of 

65 educators from these school districts was created and called the Connecticut State Science 

Assessment Advisory Committee (SSAAC).  Its goal was the development of a 

comprehensive inquiry-based science assessment system that can provide useful information 

about student learning for a variety of purposes (J. Grief et al., lecture, January 15, 2015).  

The SSAAC Group is a varied group of instructors.  The group was selected from districts 

around the state with the focus on individuals with interest in inquiry instruction and science 

education with the backing of both building and central office administration.   

The way in which members were selected for this committee proceeded as follows: An 

email was sent to superintendents throughout the state asking them to nominate experienced 

and motivated science educators to take part in the SSAAC.  In turn, teachers were solicited 

within their district that would fill the role of SSAAC members.  Then, upon agreement to 

participate, member’s names were forwarded to the Committee directors, thus becoming 

members of the committee.   
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Though selected to work on standardized state assessments, the group has been used to 

test and review different common activities that will be required in classrooms across the 

state.  In addition, each time the SSAAC met it started with a state of NGSS in Connecticut as 

seen by the state department of education and then a question and answer session with the 

goal of ascertaining the perceived view of the same standards by those present and, by proxy, 

teachers and administrators from their associated districts. 

These volunteer members (n = 65) represented 35 of Connecticut’s 169 school 

districts.  The committee membership was chosen as an appropriate population because of the 

participants’ vocations as science instructors, science content coordinators, science policy 

makers, and their selection by their superintendents as skilled and motivated science 

educators.  The district reference group (DRG) was not a criterion for selection, but gives 

additional information about the economic background of the district in which the teachers 

work as can be seen in Table 11.  DRGs were a classification system used by the State of 

Connecticut to group districts by the socio-economic status and needs of their public school 

participants (CSDE, 2006).  The DRGs were delineated by A through I lettering, “with DRG 

A consisting of very affluent, low-need suburban districts and DRG I consisting of the state’s 

urban districts that have high socioeconomic needs” (CT School Finance Project, 2016, p.1).
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Table 11 

Study Participant Demographics 

Pseudonym DRG Assignment Service Interview 1 Interview 2 Visit Degree 

Abigail D Curriculum Coordinator 20+ X 
  

6th Year 

Amelia G Elementary Teacher 15+ 
   

Masters 

Ana D Middle School Teacher 20+ 
   

Masters 

Anderson B Intermediate Teacher 25+ X X 
 

Masters 

Ava I Middle School Teacher 10+ 
   

Masters 

Avery B Curriculum Coordinator 15+ 
   

6th Year 

Charlotte A Middle School Teacher 5+ 
   

Masters 

Chloe A Middle School Teacher 20+ 
   

Masters 

Ella A Middle School Teacher 5+ 
   

Masters 

Emma A Middle School Teacher 10+ X 
  

Masters 

Esperelda A Middle School Teacher 25+ X X 
 

Masters 

Ethan I Middle School Teacher 5+ 
   

Masters 

Groucho A High School teacher 30+ 
   

Masters 

 

(Continued)  



 121 

Table 12 

Study Participant Demographics 

Pseudonym DRG Assignment Service Interview 1 Interview 2 Visit Degree 

Ian NA University Professor 15+ X 
  

Doctorate 

Isabella I Elementary Teacher 5+ 
   

Masters 

Kendra H Middle School Teacher 20+ 
   

Masters 

Killi I Middle School Teacher 5+ X 
  

Masters 

Liam A High School teacher 15+ 
   

6th Year 

Logan A Middle School Teacher 20+ 
   

6th Year 

Luke A Middle School Teacher 10+ 
   

6th Year 

Martin NA PD Expert 30+ X 
  

Doctorate 

Mary G Middle School Teacher 25+ X X X 6th Year 

Mia A Elementary Teacher 5+ 
   

Masters 

Olivia I Curriculum Coordinator 15+ X X X 6th Year 

Sahara NA PD Expert 5+ X 
  

Doctorate 

Seth I Middle School Teacher 15+ 
   

Masters 

Sophia A Middle School Teacher 25+ 
   

Masters 

Tex B Curriculum Coordinator 15+ X X   6th Year 
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Sampling 

Members (n = 65) represented 35 of Connecticut’s 169 school districts.  Invitations 

were sent via email in which SSAAC members were invited to take part in this study.  At the 

time of the mailing, 40 of the initial 65 members contacted expressed interest in participating 

in the study.  A link to the online survey was sent in a follow up email to these 40 members 

(see appendix A for the questions asked in the online survey).  Of those 40 members that 

agreed to participate in the online survey, 25 completed and submitted the survey.  The 

remaining three members of the sample (n = 28) completed the initial survey questions in the 

body of their interviews.  From the 25 survey responses eight participants were selected to 

interview, using questions five and six of the questionnaire to guide the selection of these 

participants.  The unique perspectives to the afore mentioned questions about how participants 

defined inquiry instruction coupled with how often inquiry was used in their classrooms were 

the criteria used to select individuals for initial interviews.  Participant responses to questions 

two and five of the initial interview, with their focus on how inquiry was used in their 

instruction and how inquiry based education was being used in Connecticut, guided the 

researcher's choice of participants for the second round of interviews, resulting in five 

participants for round two.  The criteria for the two participant observations obtained through 

the interviews were self-identified high-use of inquiry and low-use of inquiry. 

Description of Case 

The participants were selected and bounded by their participation in the SSAAC work 

group.  This was their primary similarity.  In the following section, information is shared 

about participant demographics and background, see also Table 11. 
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Abigail was a science curriculum leader from a DRG D school.  She was a classroom 

teacher for 20 years before her most recent position in association with a Capital Region 

Education Council (CREC) school.  CREC schools have a mission to work with boards of 

education to improve the quality of education for all learners (CREC, 2017).  She spoke 

unabashedly about her love of science and inquiry instruction.  She was on the executive 

board of the Connecticut Science Center as well as the Connecticut Science Teachers 

Association. 

Amelia has been an elementary school instructor in a DRG G school.  She has vast 

experience in numeracy and literacy and recently found a passion for inquiry instruction. 

Ana was a middle school science teacher in a DRG D magnet school.  She has been 

teaching for 20+ years and her passion for science teaching emerged throughout our 

conversation.  Ana’s insights into a typical school versus a magnet school proved valuable in 

visualizing an ideal environment for inquiry learning. 

Anderson was an experienced intermediate school instructor with a focus on inquiry 

instruction.  His interview was vital in the understanding of the dilemma experienced by 

elementary school teachers when delivering science content. 

Ava was a DRG G middle school science instructor.  She has been teaching for 11 

years.  She described her training in inquiry usage as being predominantly out of district in 

nature.  She was enthusiastic and motivated in her desire to increase her teaching 

effectiveness using all methods. 

Avery was a science curriculum coordinator as well as a 7/8-science instructor in a 

DRG B school.  She was responsible for instructing two classes in addition to her curriculum 

and supervisory responsibilities.   
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She demonstrated great passion in her discourse involving the Common Core 

Standards, which are academic standards in mathematics and English grounded in evidence 

and activities designed to ensure success after formal schooling (CCSS, 2017), and the Next 

Generation Science Standards (NGSS), which is a three dimensional approach to exploring 

concepts in which students build a multifaceted, integrated understanding of the phenomenon 

being studied (NGSS, 2016). 

Charlotte was a teacher in a DRG A school.  She has been teaching grade seven 

sciences for nine years.  She shared that she was willing to try new methods if they fall in the 

constraints put upon her by administration. 

Chloe was a DRG A middle school science instructor.  She shared her joy in teaching.  

She has been associated with Discovery Education, an educational company who blends 

science, math, and literacy utilizing written, visual, and auditory content in an inquiry-based, 

interactive online format, for many years in an advisory position regarding their online 

learning modules (Discovery Education, 2017).  She has been teaching sixth grade for 20+ 

years and this year she moved to eighth grade.   

Ella has been teaching for six years in a DRG A school.  Her assignments have varied 

between sixth and seventh grade.  Her background was in marine biology.  She was traditional 

in her delivery methodology and expressed interest in incorporating more inquiry methods in 

her instruction. 

Emma has been teaching for 10 years.  She has been teaching eighth grade science in 

her present DRG A school for six of those years.  She was a self-described traditional teacher 

who expressed that inquiry took too much time away from her content instruction.   



 125 

Esperelda was a veteran teacher who has been teaching sixth grade at her current DRG 

A school for 25+ years.  She expressed that she was happiest when allowing kids to learn their 

own way at their own pace and lamented the impact of standards and common tasks on the 

pacing and rhythm of her instruction.  She felt that soon she would leave the profession 

because she felt she was no longer doing what she believed in. 

Ethan was a cancer survivor who has been teaching middle school science in a DRG I 

school for seven years.  He followed a circuitous route to his present position.  After 

completing his undergraduate schooling as a psychologist, he drove a taxi in Seattle, worked 

in construction in Arizona, and finally found his classroom. 

Groucho, a veteran earth science teacher, presently works in a DRG A high school.  

Before that, he taught middle school at the middle levels.  Groucho was an advocate of 

traditional didactic methodology.  He will be retiring in 2016. 

Ian, a university pre-service instructor, started his career as a high school biology 

teacher in the Midwest and moved on to instructing secondary science educators with a focus 

on utilization of the inquiry spectrum.  His insight into teacher preparation was vital in 

understanding the teacher education and preparation piece for the current study.  

Isabella, was a DRG I elementary school instructor.  She has been teaching for six 

years.  She was vocal describing the shortcomings she observed in her inner-city district.  

Most of these were based on the inequitable distribution of funding between standard and 

magnet schools in her district.   

Kendra has been teaching middle school science in a DRG H school for 20+ years.  

She was nominated teacher of the year two times and teaches in the town in which she was 

born.  Her enjoyment of teaching was evident as was her frustration with the perceived 
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limiting factors that she experiences daily.  In addition to her association with the SSAAC, 

she also serves on the executive board at the Connecticut Science Center. 

Killi, a west coast transplant, works in a DRG I middle school.  She expressed her 

enjoyment teaching inner-city school children and her dismay at the intrusive and self-serving 

nature of the administration at her middle school. 

Liam, a DRG A high school department head/ instructor used to be a middle school 

teacher.  He shared that, in his experience, the high school teachers had no interest in using 

inquiry and just wanted to cover content.  He felt that middle school teachers were willing to 

attempt new things in an effort to increase classroom effectiveness. 

Logan, a veteran DRG A sixth grade middle school educator.  His case was of interest 

in that his background was in finance with no formal undergraduate science training.  His 

initial years were spent teaching with another science teacher who helped plan lessons and 

offered source material to give depth to Logan’s science knowledge.  In this case, Logan used 

this base material as well as peer-reviewed science publication to deepen and sustain his 

knowledge base as it pertains to classroom content.  He explained that he struggles with the 

idea of inquiry instruction, because he was never taught this way but expressed interest in 

incorporating these methods in his instruction. 

Luke was a DRG A eighth grade middle school instructor who recently changed 

assignments from seventh grade in a DRG B school that utilized didactic instruction methods.  

He shared that it was exciting to be in his new position and teaching science using inquiry 

methods.  He attended multiple workshops and often sat in on colleagues’ classrooms to see 

different teaching styles.  He expressed interest in combining his strengths in delivering 

instruction with his more inquiry-focused colleagues. 
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Martin, a senior science professional development educator at the Exploratorium 

Museum of Science, Art, and Perception in San Francisco, told the researcher about his 

education journey to his present position.  He started as a high school chemistry professor and 

then took over a small hands-on learning museum in the Boston area.  After working there for 

many years, he transplanted his family to the San Francisco bay area and started to work at 

the museum.  His knowledge of inquiry instruction and training was vast, but of the greatest 

importance was his first-hand recollections of how the interrelationship between the 

Connecticut Science Center and the Exploratorium. 

Mary, a former teacher of the year and veteran DRG G eighth grade science teacher 

was one of the observed instructors.  She was on the executive boards of both the Connecticut 

Science Center as well as the Connecticut Science Teachers Association, a Connecticut 

organization for science teachers with the goal of increasing science literacy in students 

through improvement of instruction (CSTA, 2017).  She made for an interesting participant in 

that she believed in inquiry instruction, but did not use it in her instructional practice because 

of perceived roadblocks that were encountered by her on a daily basis.  She was engaging and 

was evidently liked and respected by her students.  In the observed lesson, it could be seen 

that she used experiences to confirm information that had been previously shared with her 

students.  The learners were engaged and happy to recall facts as the lesson proceeded.  Mary 

shared that she would be happy to use more inquiry instruction in her classroom if time and 

circumstance allowed. 

Mia, a DRG B elementary school teacher, was valuable for her insight into science 

instruction at the elementary (K-5) level.  She has been teaching in the elementary setting for 
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her seven years and felt that science instruction, though strong in her district, could be 

improved and made more accessible for elementary (K-5) staff. 

Olivia, a DRG I science coach at a science and technology school, was another 

participant whom was visited and interviewed twice.  The school in which she works drew 

students from 32 surrounding towns and had impeccable facilities.  Olivia was forthcoming in 

her description of the strengths and weaknesses of the school in which she worked.  The 

facilities and associated opportunities were valued and impressive.   

She lamented that many highly qualified candidates were hesitant to teach in an urban 

setting and this led to the staff being young and apt to depart when they became more 

experienced.  Our last meeting led to an invite to visit again and see more of the operations of 

the school, but this did not come to fruition because Olivia delivered her child one week 

before the third visit was scheduled. 

Sahara, a researcher who was looking at the impact of professional development on 

teacher impact in association with the Exploratorium, was the first contact made in the search 

into the relationship between the Connecticut Science Center and the Exploratorium.  She was 

generous in her time during our phone interview and connected me with Martin, which 

allowed for a deeper understanding of how the Exploratorium trained its staff and 

subsequently its teachers.  This understanding led to a better understanding into how the 

Connecticut Science Center operated.  She shared her dissertation on the topic of 

effectiveness of professional development in increasing teacher and student performance. 

Seth, a DRG I eighth grade magnet school science instructor.  A Connecticut inter-

district magnet school was “an inter-district program that supports racial, ethnic and economic 

diversity; offers a special and high quality curriculum; and requires students who are enrolled 
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to attend at least half-time” (CSDE, 2016).  Seth was a traditionally trained teacher who 

converted to inquiry instructor.  He shared that his experiences in life had changed the way he 

learned and, in this manner, changed the way he taught.   

Sophia, a DRG A eighth grade science teacher and department head.  A veteran 

teacher of 25+ years was a willing participant in the interview process.  She was an advocate 

for inquiry teaching with reservations.  She felt that inquiry teaching was the appropriate way 

to teach but only if the teachers had adequate training and support. 

Tex, a DRG B science and technology coach as well as a ninth-grade robotics 

instructor utilizes inquiry in his daily practice.  He had been in this position for three years but 

had been teaching for more than 15 years.  He felt that his district was moving in the correct 

direction, but that a great deal of work still needed to be done.  He was excited about the 

impact that NGSS would have in the evolution of science and technology teaching in his 

school, district, and the state in general.   

(g) Sampling methodo logy   

Sampling methodology.  Using Patton’s 2015 work on continuum sampling as a 

guide, the researcher selected the sample based upon a continuum of interests—in this case, 

participants related to science inquiry based teaching in Connecticut—to understand the 

phenomenon from different levels or positions.  “Continuum sampling is comparison based 

because it studies, describes, interprets and compares cases along some dimension of interest” 

(Patton, 2015, p. 281) to demonstrate the phenomenon in this case.  Following Stake’s 

suggestion for bounding a case, this study was bound by vocation—instructors, 

administrators, and policy makers working with inquiry-based learning.  Since the selection of 

SSAAC committee members was based upon their expertise and interest in inquiry science 

education, they were an ideal population to study.  Specific questions were chosen to move 
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participants from one level of data collection to the next.  This selection criterion is outlined 

in the section describing these different levels below. 

Data Collection 

The study used multiple sources of data collection to explore the problem and to 

triangulate the data.  The following data collection techniques were used:  (a) an online open-

ended questionnaire using an online survey system (June 2015); (b) semi-structured 

interviews (July - December 2015); (c) follow-up semi-structured interviews and observations 

with key participants (September 2015 - January 2016); and (d) artifact collection (May 2015 

- January 2016).  Table 12 shows when each data collection activity is scheduled to occur. 

Table 13 

Data Collection Calendar 

Date Activity 

June 2015 Sent online questionnaire to participants. 

Coded data.   

July through December 2015 Conducted first round of interviews. 

August to March 2016 Coded data.  Conducted second round of face-to-face 

interviews.   

November 2015 Conducted direct observations.  

January through March 2016 Finished coding. 

 

The researcher used the following Yinian-based tools (1999) to collect data:  

documentation, archival records, interviews, direct observations, participant observation, and 

physical artifacts (Yin, 1999).   

(h) Documentation 

Documentation.  Documentation can take many forms ranging from letters to 

agendas, and administrative documents, even emails.  These documents are used to 

corroborate and augment other source evidence (Yin, 1994).   
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They also serve to triangulate data by combining methods within the study of the same 

phenomenon (Bowen, 2009).  For this study, the researcher utilized two types of documents:  

the Welcome to SSAAC Committee, the rules and regulations that were adopted by the 

committee), and the after action summation email reports that were received after each 

meeting.  These documents served to identify study participants and supply accurate email 

addresses, as well as verify the spelling of names and identification of work locations. 

(i) Archival records.   

Archival records.  Yin (1994) classified archival records as census data, 

organizational records, and survey data.  In this study, the strategic school profiles supplied on 

the Connecticut Education Data and Research (CEDR) database supplied longitudinal 

educational data and demographic information on the schools of the educators in the sample 

(Connecticut education data and research, 2016).  It is imperative to be meticulous in 

ascertaining the source of the data so as not to introduce bias (Tellis, 1997). 

In the following section, the researcher clarified and related the prescribed direct data 

collection components of the study 

 Online Questionnaire (Appendix A); 

 First Round of Interviews (Appendix B); 

 Second Round of Interviews (Appendix C); 

 Direct Observation. 
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(j ) Online Quest ionnaire  

Online Questionnaire.  The questionnaire titled “Inquiry in Connecticut” was used to 

gather empirical data about the participant’s district and professional experience, but the 

major focus was on the subject’s utilization of inquiry-based instructional style and fidelity of 

their inquiry instruction.  The online questionnaire was distributed via Google Forms to 

40participants that agreed to take part of the study.  The questionnaire consisted of eight 

questions and took between 10-15 minutes to complete.  The researcher collected data on 

school demographics, understanding and utilization of inquiry, as well as identify participants 

for future interviews and possible observations.  The questionnaire consisted of three multiple 

choice and five open-ended response questions (see Appendix A).  Responses were examined 

for content. 

(k)  Interviews.   

Interviews.  Interviews were fundamental sources for case studies that allowed for a 

guided conversation as well as a fluid, rather than rigid question and answer session (Yin, 

1994).  The interviewer's goal was to pursue the “line of inquiry” and to ask “actual” 

questions in an unbiased manner (Yin, 1994, p. 107).  The use of interviews allowed for 

methodical access to participants’ opinions and experiences with a particular topic (Turner, 

2010).  In “open-ended” interviews, the researcher scanned for opinions or facts about the use 

of inquiry (Tellis, 1997, p. 11).  The interviews were crafted in a semi-structured manner to 

allow for the appropriate insight necessary for understanding of the phenomenon (Noor, 

2008).  The semi-structured interview format allowed for plasticity in the interview so that 

different people could be interviewed and “still cover the same areas of data collection” 

(Noor, 2008, p. 1604). 

(i) First round of in terviews  

First round of interviews.  The interviews were titled “Inquiry in Connecticut.”  The 

purpose of the instrument was to gain a deeper insight from practitioners of inquiry-based 



 133 

instruction regarding the use and state of inquiry in education in Connecticut.  There were five 

questions, including both multiple choice and open-ended.  A sample question was: “from 

your own perspective, please define inquiry instruction.”  Data analysis occurred through the 

investigation of codes that led to the emergence of themes (Creswell, 2012). 

These interviews were in the form of phone calls and/or VoIP (voice over Internet 

protocol) conferencing services.  The researcher followed DiCicco-Bloom and Crabtree’s 

(2006) suggestions for semi-structured interviews.  Interviews were scheduled in advance at a 

designated time and location outside of everyday events.  Interviews were organized around a 

set of predetermined open-ended questions derived from the dialogue between interviewer 

and interviewees (DiCicco-Bloom & Crabtree, 2006, p. 315).  The interviews were recorded 

using a digital recorder and transcribed into a word processing program. 

The eleven participants were selected from the participant group of twenty-eight.  

Their selection was based on their answers from the primary online questionnaire (Appendix 

A).  The researcher used questions five and six of the questionnaire to guide the selection of 

these participants.  These questions, participants, and responses sought to answer the research 

question.  The five interview questions were open-ended and modified based on participant’s 

initial responses to questions about participant understanding of inquiry and inquiry utilization 

(Appendix B).  The length of interviews ranged from seven to thirty-two minutes.   

(ii) Second Round of Interviews.   

Second round of interviews.  The title of the second round of interviews was “Inquiry 

in Connecticut, revisited” (Appendix C).  The function of the more focused round of 

interviews was to gain a deeper understanding of central phenomena of interest as well 

triangulate the data.  These interviews followed the same format as the first, semi-structured, 

phone or Skype.  There were four open-ended questions, which led to further discussion on 
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the topic.  A sample question is “In the initial interview, I asked the question “Do you feel 

like you have been trained to implement inquiry-based instruction with your students and/ or 

staff?” and you answered this (show transcript).  How would you or could you change this?” 

Questions two and five of the initial interview (Appendix C) guided the researcher's 

choice of participants for the second round of interviews, resulting in five participants for 

round two.  The open-ended questions that were utilized (Appendix E) were informed by the 

answers attained from the original interviews and online questionnaire.  The length of the 

interviews ranged from 10 to 20 minutes. 

(iii) Direct observations  

Direct observations.  Direct observation was achieved by making field visits to the 

case study site to observe relevant behaviors or evidence was observed (Yin, 1994).  These 

observations were both formal (interviews) and informal (classroom observations) with the 

goal of having multiple participants to increase reliability (Tellis, 1997; Yin, 2009).  The 

criteria for the second interview guided the choice of participants for the observations 

specifically was self-identified high use of inquiry and low use of inquiry.  The researcher 

made direct observations at two schools, Monument Valley Middle School and Shoulders of 

Giants Science Magnet School, both of which are pseudonyms.   

(iv)  

Observations:  EQUIP.  One direct observation was made of each of the two 

participant-teachers in real world settings (Yin, 2014) in two Connecticut schools that used 

inquiry-based learning.  During the half-day observations, the researcher used accurate 

documentation and transcripts in the form of a research journal, audio recordings, the 

utilization of the Electronic Quality of Interview Protocol (EQUIP) iPad based interview 

rubric (Appendix D), and member checking; all of which ensured validity and reliability.  

EQUIP, developed by Marshall, Horton, and White in 2009, considered four specific factors 
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that support inquiry-based teaching and learning:  Instruction, Discourse, Assessment, and 

Curriculum.  The reliability (Appendix E) of the EQUIP rubric with constructs of inquiry are:  

Instruction 0.888 (high), Curriculum 0.858 (high), Discourse 0.912 (excellent), and 

Assessment 0.820 (high) (Marshall, Horton, Smart, & Llewellyn, 2009).  The iPad application 

collected demographic information about school, instructor, and students via collection fields.  

There was specific data collection fields based on the four criteria.  A summative qualitative 

multi-field rubric was completed at the end of the observation.  Correct usage of the 

instrument was ensured by viewing the instructive webinars available on the Clemson website 

(Horton, 2014).  The rubric was open-source and free for research use. 

(l) Physical artifacts 

Physical artifacts.  Physical artifacts were defined as any types physical evidence that 

were gathered during a site visits (Tellis, 1997).  This source of evidence was identified by 

Yin as “a technological device, a tool or instrument, a work of art, or some other physical 

evidence” (1994, p. 130).  The following section describes the different artifacts used by the 

researcher. 

(i) Minutes and  PowerPoint from SSAA C meeting.   

Minutes and PowerPoint from the SSAAC meeting.  The Connecticut State Science 

Assessment Advisory Committee (SSAAC) provided the SSAAC minutes and PowerPoint 

presentations.  These artifacts were used as a form of thick description of meeting content and 

a means by which to further triangulate data (Merriam, 2009).   

(ii) Reflexive Journal.   

Reflexive journal.  A reflexive journal added to the trustworthiness of the study by 

creating another path in the audit trail.  It helped to control bias by bracketing experiences 

with inquiry, and adding another source of triangulation.  The emic nature of the study was 

managed by self-reflections after each interview (Morrow, 2005).   
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These six data sources were used to fully address Yin’s three principles:  multiple 

sources of data; creation of a case study database; and the maintaining of a chain of evidence 

(Yin, 1994).  The purpose of using multiple sources of data were to “amass converging 

evidence and to triangulate over a given fact” (Yin, 1999, p. 1217).  The database was used to 

archive data that had been acquired, in so doing making it easier for the researcher to 

demonstrate the difference between data obtained and interpretations of the data (Yin, 1999).  

The chain of evidence allowed for the specific mention and tracking of evidence when 

moving from data collection to data analysis (Yin, 1981).  According to Yin (2009), these 

principles were advantageous in data validation and of high priority in the process of 

maximizing the quality of the inquiry (Yazan, 2015). 

Cessation of Data Acquisition 

Data gathering cessation occurred when the “stop collecting and processing” criteria 

were met (Lincoln & Guba, 1985, p. 350).  These criteria were exhaustion of source, category 

saturation, emergence of regularities, and overextension (Lincoln & Guba, 1985).   

Lincoln and Guba (1985) defined exhaustion of source as the determination that key 

informants have little left to contribute.  An example of saturation being reached was when 

the researcher found repetition of the following participant data in Seth’s and Mary’s 

responses:  inquiry was guided through student discovery and poor professional development, 

thus signaling exhaustion of source.  

Saturation of categories occurs when further coding added little information compared 

to the energy expended (Lincoln & Guba, 1985).  Emergence of regularities was the point at 

which phenomena supporting each construct was frequently seen (Lincoln & Guba, 1985).  

Both situations occurred in January 2016.  The researcher noticed in the secondary interviews 
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of Mary and Anderson that the quality and lack of ongoing professional development coupled 

with administrative pressure to cover more material were themes that consistently arose. 

Lincoln and Guba (1985) defined overextension as when new information adds little 

to the study.  The researcher determined that overextension occurred when the added open 

codes did little to additionally reinforce the axial codes. 

(m) Constan t comparison  

Constant comparison.  Constant comparison procedures were used during the data 

collection and analysis stages of the study.  This method was paramount in maintaining 

reliability and internal validity in the data as codes were created and data analyzed (Pope & 

Mays, 1995; Taylor, Bogdan, & DeVault, 1998).  This method brought together data 

collection, coding, and analysis in a fluid manner to create codes and themes while staying 

intimately connected to the data (Kolb, 2012).   

This could be seen when the researcher continually compared one code to another 

while continually collecting data that allowed for additional triangulation of data sources 

(Boeije, 2002).  The genesis of Code 18, Next Gen Science CT, is an example of inter-codal 

comparison.  In the creation of the coding sheet, and the subsequent intensive review of each 

code, it became evident that the professional development codes for school (open code 2) and 

state (open code 15) were too broad which allowed for the emergence of Code 18.   

Inter-interview constant comparison allowed for evaluation of an emergent 

phenomenon that surfaced in this emic study (Baxter, 1996).  This method allowed interview 

questions to be amended as the stream of data emerged, while maintaining fidelity with the 

original questions.  This form of constant comparison is exemplified by the interviews with 

Ana and Anderson, both of whom mentioned their experience with professional development 

supported by the Connecticut Science Center, which had traceable origins to the 
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Exploratorium in San Francisco.  This confluence of data points was only evident through the 

review and subsequent comparison of these two interviews. 

Analysis of the Data  

The data analysis was grounded in the works Corbin (2015), Glaser (1967), Stake 

(1995), and Strauss (1967) on grounded theory.  Glaser defines grounded theory as “the 

discovery of theory from data systematically obtained from social research” (Glaser, 1967, p. 

2).  An inductive approach was used for content analysis (Patton, 2015) when analyzing data 

from the survey and interviews to explore constructs, themes, and patterns (Gall, Gall, & 

Borg, 2007). 

The researcher used Glaser’s recommended approach of developing codes in a purely 

inductive manner (Bradley, Curry, & Devers, 2007).  The method acted to limit forced 

preconception of results and helped the researcher from erroneously “forcing” a preconceived 

result (Fernandez, 2004).  Upon further review of data, the analyst continued to assign codes 

that reflected the concepts that emerged, highlighting and coding lines, paragraphs, or 

segments that illustrated the chosen concept.  As more data were reviewed, the specifications 

of codes were developed and refined to fit the data.  The transcription and subsequent pre-

analysis listening to transcripts allowed the researcher to develop a “mental picture of the 

whole interview” and not get “too caught up in a few words or phrases” (Corbin & Strauss, 

2015, p. 218).  To ascertain whether a code was appropriately assigned, the analyst compared 

text segments to segments that had previously been assigned the same code and decided 

whether they reflect the same concept.  Using this “constant comparison” method (Glaser & 

Strauss, 1967), the researcher refined dimensions of existing codes and identified new codes.  
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Through this process, the code structure evolved inductively, reflecting “the ground,” i.e., the 

experiences of participants (Bradley et al., 2007). 

The data were initially coded and segmented with Google Sheets using Corbin and 

Strauss’s (1997) suggestions to develop open codes (Appendix  G).  The researcher analyzed 

the questionnaires, transcriptions of interviews, and observational data by examining 

“minutely every line, sentence, or paragraph” (Strauss & Corbin, 1997, p. 144).   

The researcher’s grounded theory approach to coding is illustrated in the initial open 

codes when they were inputted into a Google Sheet document (Figure 12).  Appendixes G- I 

show the individual theme development and then Appendix J shows a linear progression from 

open code to theme. 

 

Figure 12.  Creation of Axial Codes.  

This image illustrates the coding wall being used to create axial codes. 

After each new piece of data were coded and segmented, the researcher reviewed the 

list of codes and used the strike through function to further highlight the codes that warranted 

further analysis (Bradley et al., 2007).  The strike through also suggested possible “titles” for 

the final in-situ codes because of their apparent clarity of ideas (Appendix H and I).  During 

this time, inter-codal constant comparison took place and the codes subsequently changed in 

accordance to the changing nature of the developing concepts as they emerged from the data.  
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These open codes (Table 13) were then further segmented by code type, and then 

again by pseudonyms to create pods of similar data.  The grouped codes were then cut out and 

mounted on the coding board.  The coding board consisted of a wall in the researcher's 

basement that was coated with a slate-like paint that allowed for easy affixing and subsequent 

removal of initial codes and memo writing in chalk.   

Table 14  

Open Code Listing 

Number Code/ Category Coloration 

  1 What is inquiry?   Fluorescent Green 

  2 Professional Development at your school Baby Blue 

  3 What kids do... Yellow 

  4 Advantages of inquiry Red 

  5 CT Science Center Pink 

  6 How doing with inquiry training Maroon 

  7 Real world application Hunter Green 

  8 Use/ method of inquiry Blue 

  9 How I got here? Grey 

10 5e White 

11 Initial Teacher Training Light Magenta 

12 The elementary issue.... Darker Grey 

13 Implementation Issues Khaki 

14 Exploratorium Fuchsia 

15 Professional Development by state Teal 

16 Trained teacher training colleague Golden Letters 

17 Use of Literacy to teach science inquiry Magenta Letters 

18 Next Gen Science CT Brown Letters 

19 Administrative Support  

20 Administrative Expectations  
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These open codes were then easily matched and manipulated using chalk lines until 

constructs emerged into axial codes (Gall et al., 2007).  As the codes were affixed, 

reassessment, and assignment took place.  This method was the researcher’s interpretation of 

the traditional use of coding sheets, poster boards, and Post-its as seen in Figure 13. 

 

Figure 13.  Axial Codes.  

This image illustrates the coding wall being used for axial coding. 

Finally, these patterns of codes were reduced until theoretical saturation occurred and 

the final in situ code emerged.  Mason (2010) described saturation of data as the point when 

data no longer contributes to the study.  

The results emerged through the data in addition to the exploration of new issues and 

themes that emerged through the data collection process with the participants.  The data were 

constantly and persistently analyzed and coded, while investigating themes that emerged to 

gain a better understanding of the research problem (Creswell, 2012).   
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This progression from Open code to theme can be viewed in Index J.  The researcher 

used the following verification procedures that are defined in the following section about 

trustworthiness:  triangulation, reflexive journaling, member checking, thick description, and 

bracketing for bias.  Participant quotes have not been altered and when given are provided in 

the original form. 

Trustworthiness 

The emic methodology was addressed through bracketing in a reflexive journal.  

Tufford (2012) explained bracketing as a method used to mitigate the potentially deleterious 

effects of preconceptions that may taint the research process.  Using bracketing procedures, is 

elevated above personal evaluations and biases during data collection and analysis to 

“bracket” them out, allowing for data grounded in the participants’ perspectives.  An example 

of this procedure was a subjectivity audit.  Gall et al. (2007) described a subjectivity audit as 

“taking notes about a situation connected to one’s research that arouses strong positive or 

negative feelings” (p. 462).  In this study, the audit took the form of composing post interview 

entries in reflexive journal as well as post-transcription data analysis to gain awareness of 

researcher voice or possible emotional entanglement.   

The researcher was assigned an inquiry auditor to review data collection to ensure 

trustworthiness.  Please see the final report in Appendix S. Peer checking and thick 

description addressed trustworthiness as well (Lincoln & Guba, 1985).  Trustworthiness was 

monitored in this study using the guidance presented by Guba and Lincoln (1985).  Every 

effort was made to ensure this study has credibility, transferability, dependability, and 

confirmability (Lincoln & Guba, 1985).  Tellis (1987) expressed that construct validity is best 
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attained by using multiple sources of evidence in a means to guarantee construct validity, such 

as including multiple sources of evidence, survey instruments, interviews, and documents.   

(i) Credibil ity  

Credibility.  Credibility is the level that the research results are believable from the 

participant’s perspective, was obtained by member checking and rich description.  Member 

checking is “an opportunity for members (participants) to check (approve) particular aspects 

of the interpretation of the data they provided” (Carlson, 2010, p. 1105).  The researcher 

member checked in two ways.  The first procedure was the repetition of question number 

eight and each participant’s answer from the online questionnaire in the initial interview 

question number four which dealt with the participants ideal inquiry lesson design.   

This repetition of participant words occurred again in the second round of interviews 

when the question number three and its answer from the initial interview questions was 

repeated in question # three of the follow-up focused questions.  These questions were in 

reference to participants experience with professional development. 

Merriam (2009) described rich data as being descriptive of the context, the 

participants, and the activities of interest.  The researcher met these requirements by using 

electronic surveys, audio recording of interviews, and site visits, as well as the transcriptions 

of the content. 

(ii) Transferability  

Transferability.  Transferability is the degree that research can be generalized or 

transferred to other contexts or settings, was insured by thick description of the participants 

and, when applicable their fieldwork sites (Shenton, 2004).  An example of this is the need to 

describe that during Olivia’s site visit and observation, the facility’s form (a planetarium 

classroom) was integral to the function of the teacher and her lesson (tracking object near 

Jupiter in a simulation of what Galileo did) determining inner planetary elliptical orbits.  This 
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lesson, although valuable and rich, would not have the same impact in a typical classroom 

when compared to a planetarium and therefore the instructor could make appropriate 

modifications. 

(iii) Dependability  

Dependability.  Dependability is the demonstration of the consistency and reliability 

of the data, was sought using triangulation.  Triangulation involves using multiple sources or 

methods of data to compare and crosscheck data collected through observation at different 

times and/ or places (Merriam, 2009).  Triangulation was accomplished using an online 

questionnaire, two series interviews, and site visits observing selected science instructors.   

(iv) Confirmability  

Confirmability.  Confirmability is the extent that findings of the study were shaped by 

those being investigated and not by the investigator’s bias, motivation, or interest, was 

accomplished using a reflexive journal containing subjectivity audits.  In this case, it was 

necessary during interviews to be cognoscente of emotional display in conversation dealing 

with inquiry instruction in the face of administrative pressure to cover more material. 

(n) Limitations   

Limitations.  The limitations of this study were that it is context specific and emic in 

nature.  The findings only pertained to this study.  Regarding being emic in nature, there was 

the possibility that the researcher’s bias during interviews might have influenced the outcome 

as well as colored the researcher’s reporting of the interviews.  According to Olive (2014), an 

emic perspective attempts to attain the participants' view of real-world events and to see 

things through the perspective of the participants.   

Potential threats to the validity and reliability (Wiersma, 2013) of online 

questionnaires were:  multiple submissions to the survey by the same respondent, low 

response rate, and display effect.  Controlling access to alleviate multiple submissions to the 

survey was accomplished using Google Forms, which was set to automatically collect the 
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email of participants (Wiersma, 2013).  Friendly, yet persistent, reminders mitigated low 

response.  Display effect is that the survey appearance may vary on different platforms.  

Controlling access to alleviate multiple submissions to the survey was accomplished using 

Google Forms, which was set to automatically collect the email of participants (Wiersma, 

2013).  Display effect was nullified, because Google Forms is not platform specific and 

displays the same on all devices.  A statement of Ethics can be found in Appendix P.   
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CHAPTER 4: RESULTS 

“Give a thing a name and it will somehow come to be” (Martin, 2004, Loc. 654). 

Introduction 

The purpose of this study was to explore the perspectives of 28 practitioners regarding 

inquiry-based instruction from 35 Connecticut school districts.  The research explored how 

inquiry was being used in Connecticut classrooms and if not, the causative effects leading to it 

not being used.  The study design used a case study grounded in the work of Merriam (2009) 

and Yin (1994).  The case was bound by the participants’ involvement in science education as 

well as their membership in the Connecticut State Science Assessment Advisory Committee.  

A grounded theory approach to data analysis was used.  This approach was chosen for its 

efficacy in answering the research question:  What are the perspectives of science 

practitioners of inquiry-based instruction in Connecticut? 

Chapter Four demonstrates the results to the phenomenon under study using five data 

sources- online questionnaire, initial interview, follow-up interview, observation of 

participants, and artifacts.  The researcher’s data collection took place from June 2015 to 

January 2016.  During this period, the researcher collected 24 questionnaire responses, 

conducted 11 initial interviews, five follow-up interviews, and two observations.  The primary 

sources of data acquisition were the questionnaire and interviews.  Secondary sources were 

attained through the artifacts and observations.  The observations at Monument Valley Middle 

School and Shoulders of Giants Magnet School provided additional data and an opportunity 

for triangulation between two vastly different educational settings in the Northeast. 

Grounded theory approach to data analysis allowed theoretical concepts to emerge as 

the researcher collected data and explored the phenomena (Darke, Shanks, & Broadbent, 
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1998).  The grounded theory approach to data analysis allowed for the finding of open codes, 

the discovery of axial codes, and the emergence of final themes (See Table 14). 

Table 15  

Final Themes 

Theme Number    Theme 

One      Teach 

Two      Process 

Three      Impasse 

Four      Develop 

Five      Support 

 

 Theme number one, Teach, emerged from data centered on the meaning of inquiry to 

the respondent.  The theme originated from data about the life stories of the participants, their 

view of pedagogy, and their classroom strategies and procedures.  Regarding their life stories, 

the core categories that the participants stated was how they became teachers, what their job 

was like, and the challenges entailed in their workday.  Further enhancing the theme was the 

discussion of pedagogy and two main components:  methods of instruction and the meaning 

of inquiry.  

Theme number two, Process, emerged from data about the educator’s perception 

experience of science students in Connecticut.  The theme arose from real-world application 

of inquiry and the continuum of inquiry.  The notion of real world application was sub-

divided into the educators’ understanding of the way students learn and the necessitated 

usage, in some circumstances, of literacy in teaching of science.  The continuum of literacy 
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was another data stream that resulted from participants’ reflections on inquiry instruction, 

which could range from open to guided instruction, as well as the existence of a standardized 

method of inquiry instruction. 

Theme three, Impasse, emerged from the interview transcript data as participants 

described the barriers to widespread inquiry utilization in their classrooms, schools, and, more 

generally, the state.  The theme was partitioned into three sub-themes: how inquiry training is 

being conducted, implementation issues, and administrative issues. 

Theme number four, Develop, emerged when participants were asked about their 

training in inquiry instruction.  The participants brought up professional development at the 

school and state level.  At the school level, they stated professional learning communities, or 

PLCs, and professional development days.  At the state level, the discussion centered on 

participants who received training from organizations outside of their district, such as, the 

Connecticut Science Center; and that the instructional methodology originated from the 

Exploratorium in San Francisco. 

Theme number five, Support, emerged from the interview transcript data.  The data 

suggested that there were ways to make the present state of inquiry pedagogy better and it 

culminated in the theme support.  In discussions centered on this theme, the participants 

focused on initial teacher preparation improvement, teacher-led craft enhancement, and 

administrative-directed enhancement.   

In the following section, these themes are explained in greater depth.  The data that 

was analyzed originated from 24 questionnaire responses, 11 initial interviews, five follow-up 

interviews, and two classroom observations.  The data used to support each theme in Chapter 

four were categorized to denote the data source as illustrated in Table 15.  Supporting 
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participant quotations ground the data analysis and theme development and is representative 

of the entire participant group, unless noted otherwise. 

Table 16  

Source of Participant Information Codes 

Source Number of participants (n) Code 

Questionnaire Response 24 Q 

Interview One 11 I1 

Interview Two 5 I2 

Observation 2 Ob 

 

Theme One – Teach 

The theme Teach emerged from interviews with participants centered on what takes 

place in their everyday classrooms.  Two sub-themes emerged; participants’ life story and the 

pedagogy utilized with their students.  As data collection continued participants true 

perspectives emerged. 

(o) Sub-themes: Participants ’ Life Story   

Sub-themes: Participants’ Life Story.  The participants (Q, I1, I2, and Ob, n = 28) 

shared what they did in the classroom and how it was achieved.  This individualized story, or 

life story, was how the participants attained their present position.  Anderson, an intermediate 

school science teacher from a suburban school in western Connecticut, shared (I1) that though 

originally certified in secondary social studies he found himself in a fifth-grade classroom and 

“gradually, over the years as you teach with ladies who do not want to touch bugs or anything, 

I became the science guy.”   
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Tex, a suburban curriculum coordinator and robotics teacher from northwestern 

Connecticut, stated that he “started out pre-med but then finished off k-8 certified.”  Most of 

his preparatory work was “reading and literacy instruction” and a lot of “pedagogy 

instructional, lesson planning.”  In the interview, Tex expressed that he “was the jack of all 

trades and master of few,” because of his varied background.  His training focused on 

“elementary reading and writing and in mathematics.”  Tex stated that there was not a lot of 

“explicit training for sciences because our primary focus has been on reading, writing and 

mathematics.”  He posited, “science is the opportunity to take all those things and put them 

together.”  Anderson’s route to science classroom was also circuitous, “my original cert area 

was secondary social studies” but he found himself in a 5-6th math and science position.  

In addition to sharing how they entered the field of science education, the participants 

shared details about their jobs.  Sophia, a suburban middle school science teacher from 

western Connecticut, shared that teaching is difficult and “many instructors don't even 

understand what they want students to learn, therefore they are very vague.”  Tex shared that 

he liked to “set the stage, provide the appropriate resources, allow learners to explore” and 

then determine “what they understand” allowing him to gauge the students’ comprehension 

level. 

All data, suggested that when participants discussed inquiry, it was always in 

association with challenges.  The challenges were varied, but omni-present.  Ethan, a 

suburban middle school teacher from western Connecticut stated that on occasion “it is hard 

to get students on board when connecting inquiry-based learning with the concepts being 

taught.”   



 151 

In a related issue, participants suggested that inquiry can be time consuming and 

difficult to use when attempting to meet deadlines.  Mary, an urban Middle School Teacher 

from southern Connecticut, shared that she does not often use inquiry “because it takes a lot 

of time.”  She stated that she felt “under strict time constraints to meet curricular 

requirements.”   

  

Figure 14.  Instructor Inquiry Use.   

This pie chart demonstrates the distribution of use of inquiry teaching methodology in the 

sample.  

 

Mary was not alone in her low utilization of inquiry methodology as can be seen in 

Figure 18 above.  Of the population only three were using inquiry on a daily basis, 11 were 

using it weekly, four month 13 a couple times a year.  This low usage may reflect the 

challenge of implementing inquiry pedagogy into classroom instruction.  Charlotte, a 

suburban middle school teacher from western Connecticut, felt “full inquiry takes a LONG 

time to execute.”  Tex stated, “it is labor intensive to try to set the right kind of system in the 

beginning and it gets more difficult because of the time needed.”  He postulated that 

Daily  n 
= 3

Weekly  n =11

Once a 
Month  n 

= 4

A couple times a 
year  n = 13
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“compared to other teaching methods some see it as taking a lot of work,” but felt that once 

planned it runs on its own.  Tex’s statement highlighted the large amount of work needed to 

prepare these lessons but also the payoff, which is greater engagement and presence in the 

classroom when compared to other methods.  The above sub-theme centered on the 

participants’ life story.  The next sub-theme deals with the pedagogy used to instruct their 

students.   

(p) Sub-theme: Pedagogy 

Sub-theme: Pedagogy.  Pedagogy was an aspect of this study that had to surface 

somewhere when writing and researching about inquiry.  The sub-theme was divided into this 

section into two categories:  methods of instruction and what is inquiry.  Methods of 

instruction, as named in the first segmentation, were bifurcated into didactic instruction and 

inquiry instruction.  (Q, I1, I2, and Ob, n = 28) 

Didactic instruction was defined as teacher-centered knowledge-transmission that 

focuses on information “as represented in curriculum and textbooks and student learning as 

passive receipt of knowledge, reinforced through drill and practice” (Nie & Lau, 2010, p. 

412).  Respondents conceded that “sage on the stage” style delivery of “content from the one 

who knows to those who do not know” had a benefit to the learner (Morrison, 2014, p. 1).   

Anderson stated that sometimes the instructor must deliver actual information in a 

didactic fashion because of “efficiency or sometimes you really can’t have kids do a little kind 

of discovery lesson in what would happen in a zero-gravity environment.”  Esperelda, a 

suburban middle school teacher from western Connecticut, felt that by “presenting just facts 

(that) the student can then research issues and questions” that she was helping to develop 

student critical thinking skills.   
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Inquiry instruction was defined as “an approach to learning that involves a process of 

exploring the natural world, and leads to asking questions, making discoveries, and testing 

those discoveries in the search for new understanding” (Exploratorium, 2015).   

All participants shared their beliefs (Q, I1, I2, & O) about what inquiry was.  Table 16 

illustrates these beliefs. 

Table 17  

Participant Beliefs 

Participant Inquiry is… 

Abigail Students exploring and discovering through the use of hands-on opportunities to  

develop skills and better understanding of concepts; 

 

Amelia The exploration of science content by generating questions and 

investigating the answers through research; 

 

Ana Engaging students by giving them some conceptual experiments or visual 

images they can use to stimulate questions about a given concept; 

 

Anderson Exploring, engaging, and developing questions about experiences; 

 

Ava Creating learning situations aligned with learning goals and allowing time 

to explore and come to conclusions; 

 

Avery Student-centered minds-on learning experiences that support students to 

make their own meaning through argument, modeling, investigation, 

analysis, constructing explanations of phenomenon and engaging in 

engineering challenges; 

 

Charlotte Students determining their question, and then go about figuring out the 

answer; 

 

Chloe Student generating their own understandings through questioning, 

research, hypothesizing, collaboratively with peers;  

 

Ella Students to discovering new ideas and information through their own 

learning;  

 

 

(Continued)  



 154 

Table 18  

Participant Beliefs 

Participant Inquiry is… 

Emma Students conducting an activity and through this process asking questions, 

making observations, and discovering a scientific process or concept; 

Esperelda Student-center learning focusing on asking questions; 

Ethan Students investigate a phenomenon and collecting data to illustrate or 

explain it; 

Groucho Proposing a question or a problem to solve; 

Ian Explaining phenomena using models and argument from evidence; 

Isabella Guiding students during a lesson to find a solution to a question/problem; 

Kendra Asking questions and investigating questions to form explanations; 

Killi Students coming to their own understanding of concepts through 

exploration; 

Liam Students forming questions based on real-world scenarios or scientific 

phenomena and designing their own investigations to form conclusions;  

Logan Teachers proposing a question and students seeking the answer;  

Luke Students learning for themselves through questioning and experimenting;  

Martin Kids picking questions to answer and then investigating the problem; 

Mary Allowing students to discover knowledge through experimentation that is 

designed by the student; 

Mia A system wherein students are taught to question their world and begin to 

create answers to those questions while learning complex concepts; 

Olivia Students design experiments and collect data to find answers and then 

communicate their findings and evaluate with others; 

Sahara Giving kids an opportunity to explore their ideas and collect evidence to 

increase their understanding; 

Seth Student learning of the curriculum through the application of the scientific 

method in an authentic setting; 

Sophia A very esoteric concept where students discover science phenomenon and 

make connections to content understanding and application of knowledge; 

Tex Allowing students to utilize essential concepts in a format that allows to 

intentionally "trip" and develop thoughts and paths to respond to them; 
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Killi, an urban middle school educator from central Connecticut, affirmed that inquiry 

was students “coming to their own understanding of concepts through exploration.”  She 

stated that science was “being curious about something and really investigating for extended 

periods of time.”  She expressed that during her master’s thesis in marine biology, she 

experienced “pure” inquiry and her aim was to design lessons to give her students this 

experience.   

Martin, a senior science educator at the West Coast Science Museum, defined inquiry 

as when the “learner has some control over decision making and thinking” and clarified that 

the “more control the learner has the more open the inquiry is.”  Martin stated that as the level 

of inquiry became more open that the teacher’s level of work would increase to “facilitate 

inquiry and bring it together to make a productive synthesis.”  

Sahara further explained inquiry was “an opportunity to investigate student 

understanding about particular phenomena.”  Therefore, if the learner developed an idea about 

how “something works, then an inquiry lesson would support them in looking up information 

to support or refute that idea.”  

Sahara and Martin’s concise description and explanation of inquiry, in their capacity 

as inquiry professional development facilitators, highlighted the difference between the 

experts administering the inquiry professional development and those receiving it.  These 

differences were demonstrated by the misconceptions, when compared to literature-based 

norms, about inquiry during interviews.  In addition to confusion, there was concern centered 

on the idea of time and convenience.   

During Mary’s interview, she said that inquiry was having “many materials out in the 

room and you don’t even give them a problem; they come up with their own problem, and 
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their own solution.”  Anderson appended this idea by stating that a “large inquiry 

investigation would take days and days.”  Sahara summarized the confusion about exactly 

what inquiry was when she stated, “a lot of people have trouble with what inquiry looks like.  

I think that was the struggle.”   

Participants described their experiences with inquiry to the researcher and they 

consistently focused on the learner.  The participants described student expectations and 

related actions.  Avery, a central Connecticut suburban curriculum coordinator, exemplified 

this when she stated that in inquiry “students’ work collaboratively to uncover, develop and 

challenge ideas.”  This notion of student creation was further described by Mia, a suburban 

elementary school teacher from southwestern Connecticut, when she stated that inquiry 

occurred when students created “focused, measurable questions about the concepts” to be 

explored.  Student centeredness was paramount in discussions with teachers about what 

inquiry was. 

Although energy and time intensive, inquiry methodology was found to be effective.  

Olivia stated students “learn better when they are invested in all phases of the process… as 

long as it’s authentic.  The more authentic…the more optimal.”  Kendra, a science magnet 

school teacher from western Connecticut, voiced that inquiry student engagement increased 

when she acted like “the wizard behind the curtains.”  The Wizard of Oz reference alludes to 

creating a situation of learning and indirectly affecting student outcomes (Baum, 1900).   

Tex put forth that, when creating inquiry activities, a large amount of time and effort 

was required, but it was worth it because when developed it “can run very smoothly” and 

allows students to learn independently.  As with all things, there was a balance between 

advantages and disadvantages to using inquiry instruction.   
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The disadvantages of inquiry instruction were unique to the participants.  In the 

interviews, specific participant data emerged as the discussions proceeded.  Tex, a very 

process-focused curriculum coordinator, and noted that it was “labor intensive to try to set the 

right kind of system in the beginning.”   

Students who are unaccustomed to this type of instruction can, according to Kendra, 

get “easily frustrated because you are not always giving them the answer.”  She also shared 

that her “kids are saying to me all the time, Miss Spanning, can’t you just tell us.  I am like 

no…  I cannot.”  Ironically, Kendra notes “at the end of the year survey, those are the 

activities they like the best; the ones they have to figure out or talk about.”  Ethan, a suburban 

middle school teacher from western Connecticut admitted, “sometimes it was hard to get 

students on board with connecting inquiry-based learning with the concepts being taught.” 

In conclusion, the theme of teach was made up of two sub-themes:  life story and 

pedagogy.  The sub-theme life story constituted the educator’s journey to their present 

position, a glimpse into their job, and challenges faced during the typical learning cycle.  The 

sub-theme of pedagogy was segmented into methods used by instructors and offered a 

snapshot of what inquiry meant to those instructors.   

Theme Two- Process 

Theme number two was named process.  Process was partitioned into two sub-themes of:  real 

world applications and continuum of inquiry.  The researcher found that this section offered 

candid insights into what was occurring in the classrooms of the participants (Q, I1, Q2, and 

Ob, n = 28).   

(q) Sub-theme:  Real World A pplication  

Sub-theme:  Real World Application.  Real world application was an unexpected 

outcome but, in the data (Q, I1, and I2, n = 11), an obvious aspect when making lessons 
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pertinent to the learner.  Luke, a suburban middle school science teacher from western 

Connecticut, strongly affirmed his belief “that real world application is the strongest tool that 

any teacher can use in their class.”  He stated that presenting “students with an issue that is 

real, then you can see their best work, because they can relate to the issue.”   

The participants noted that engagement was an important aspect of instruction, when 

discussing the introduction of new ideas and classroom behavior.  Killi put it best, “I always 

say kids learn best when they are creating their own instructions, um, and they are engaged in 

finding the answer because they are invested in finding that answer.” 

Sahara noted that the NGSS were valuable because of its authenticity, it “brought 

meaning to science and made it more relatable” to student lives.  She also noted that the Next 

Generation Science Standards were engineered to engender questions in students about their 

communities and “make science more meaningful to kids.”  

The educators interviewed continually came back to the idea that kids learn through 

inquiry.  Student-centered learning was one of the central themes in the interviews.  Anderson 

spoke about how “kids generate questions that they want to investigate as well as figuring out 

answers to questions as opposed to be just [being] handed some content.”   

Mary added to this concept of student-centered learning with the idea that students 

“guide the learning process instead of the teacher guiding the process; they choose how and 

what to experiment with.”  Killi felt that when kids “can talk about it and work with each 

other and have that peer to peer interaction and, um, I think they come to much deeper 

understanding.” 

When discussing the process of inquiry, Olivia shared a novel approach being 

undertaken in her school.  She stated that she faced the challenge of having many elementary 
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trained teachers in her building.  This issue, analyzed later, led to discomfort when the 

elementary teachers were delivering science-based material in the lower grade levels.   

The instructors were most comfortable when instructing about mathematics and 

English.  With this in mind, Olivia met with Magenta (not a member of this study), the 

literacy coordinator, and they developed a unit based in inquiry-based science instruction with 

interwoven literacy-based instructional practices.  Olivia felt that this helped “the elementary 

teachers see that literacy and science do not have to be taught in isolation.”  Moreover, she 

found that when the teachers used the literacy enhance science lessons the instructors were 

more comfortable and were more willing and engaged in the process of teaching science.  

When creating this approach, Olivia recalled asking Magenta, the curriculum 

coordinator, “if they are comfortable teaching a literacy unit on living things then how does 

that translate into what they are doing in science and how does that mesh together so that it 

doesn’t feel like, oh no, I have to teach science in this different way.”   

They felt that utilizing similar methods would empower these instructors, because 

“they are better at doing inquiry-like or student-centered stuff with the literacy program than 

they are with the science and helping them see that there is this connection and it doesn’t have 

to be like this total isolation.”   

Olivia was passionate about the interrelationship between hands-on science, their 

science and literacy curriculum, and common instructional methods that allowed these 

instructors to be more successful.  She closed with the hope that “we are going where their 

comfort zone is, transfer it into science, and still feel comfortable.” 

(r) Sub-theme:  Con tinuum of Inquiry  

Sub-theme:  Continuum of Inquiry.  Continuum of inquiry was a contentious aspect 

of the interview process (Q, I1, I2, and Ob, n = 28).  In discussing utilization of inquiry with 
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participants, the researcher found that understanding of what inquiry was, how it should be 

used, and most certainly on how it translated into classroom methodology was based on the 

exposure and usage level of inquiry by the instructor.  All participants’ views concerning 

inquiry were stated in the previous theme.   

Continuum of inquiry describes the different ways in which inquiry instruction can be 

experienced.  Killi described what typically happens in her class as “really getting to the 

content once a week in a guided way and probably every couple of weeks in a very open 

ended way.”  The range of inquiry instruction can most easily be viewed as teacher led to 

student led (Sadeh & Zion, 2008).   

First described by Brandwein and Schwab (1962), a three-level scale was developed 

that ranged from low-level with strict instruction to the highest that was described as open in 

which the student must ask a question, determine a method, and determine a solution.  This 

scale was expanded in 1971 to include a fourth level that supplied the inquiry questions and 

its solution (Herron, 1971).  In 2000, the National Research Council took this idea of four 

levels and expanded on it, stating that there was a spectrum of inquiry activities ranging from 

teacher-directed activities to student driven open inquiry (Loucks-Horsley & Olson, 2000).  

Bianchi and Bell took this body of work and formed a four-level continuum: 

confirmation, structured, guided, and open (2008, p. 26).  The continuum moves from highest 

level of teacher direction to lowest.  With this continuum in mind, the researcher quarried the 

participants with the following question during interviews:  If you had to explain to a novice 

teacher inquiry-based instruction, what would you say?  The intent was to explore what they 

knew about inquiry methodology and practice. 
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Olivia communicated that “there are different levels of inquiry; you use guided 

inquiry, especially when you first work with students, all the way to open inquiry.”  Killi, a 

middle school instructor from central Connecticut added that inquiry based instruction can be 

experienced “through teacher guidance and exploration and hands on activity.”  It can also be 

“guided and scaffolded in a more open and student driven” way.  Seth, a middle school 

educator from southern Connecticut reinforced this when by saying, “inquiry instruction can 

take many forms and may fall on a spectrum from teacher guided to student led inquiry.”   

In conjunction with understanding the continuum of inquiry methods, the data 

supported that participants that used inquiry were trained using a standardized model of 

inquiry and then developed their own continuum of inquiry usage model that worked for 

them.  There were two methods mentioned during interviews: BSCS 5e model and model-

based learning.  After the participants mentioned the models, the participants were asked to 

explain what they knew about them.  Their answers follow the brief model descriptions.  

(i) The BSCS 5e Model  

The BSCS 5e Model.  The 5e model (Q, I1, n = 3) places the inquiry process into five 

levels:  Engagement, Explorations, Explanation, Elaboration, and Evaluation (Bybee, 2006).  

This model, which builds on the Science Curriculum Improvement Study (SCIS) learning 

cycle developed by Karplus and Thier (1967), was developed with support from IBM and 

introduced in 1989 by Biological Science and Curriculum Studies (Bybee, 2006).   

Ana, an elementary school curriculum coordinator at a regional education coalition, 

described the “engage” phase as “a very hands-on method, a pencil paper task, or something 

acted” out so students could engage in the topics being studied.  She explained the “explore” 

section as “trying to get the kids to grapple with content and trying to get it very hands-on and 
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looking at data," and students were explaining, “what is the meaning of the data and what 

patterns they find, and there is that whole evaluation end of it.”   

Sahara added that she tries “to thread inquiry through any science process, but it looks 

different depending on where we are in the cycle” and that “some of the teachers use the 5e 

teaching” method.  Ian shared that “if you really want to know about NGSS, you should really 

look into [the] 5e model.”  He added that although the 5e model was one approach, he “used 

model-based learning.”    

(ii) Model-based Learning  

Model-based Learning.  Model-based learning (I2, n = 1) was anchored on the 

assumption that comprehension necessitates the creation of “mental models of the 

phenomenon under study, and that all subsequent problem-solving, inferencing, or reasoning 

are done by means of manipulating or ‘running’ these mental models” (Buckley et al., 2004, 

p. 23).  Table 17 exemplifies the NGSS modeling goals. 

Table 19  

Next Generation Science Standards K-12 Dimension 1 

Goal # Goal 

Two Represent and explain phenomena with multiple types of models and move 

flexibly between model types when different ones are most useful for different 

purposes. 

Three A Discuss the limitations and precision of a model as the representation of a 

system, process, or design and suggest ways in which the model might be 

improved to better fit available evidence or better reflect a design’s 

specifications. 

Three B Refine a model in light of empirical evidence or criticism to improvements 

quality and explanatory power. 

Five Make and use a model to test a design, or aspects of a design, and to compare 

the effectiveness of different design solutions. 

Note.  It was determined that by grade 12 science and engineering students should be meet the 

above modeling goals (Schweingruber & Quinn, 2012, p. 58). 
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Although Ian was the only participant that mentioned model-based learning, the 

researcher felt that it merited mention based on his position as a pre-service educator 

instructor as well as its correspondence to NGSS’s K-12 modeling goals (Krajcik, & Merritt, 

2012). 

In summary, theme number two was distilled into two sub-themes:  Real world 

applications and inquiry utilization.  The researcher found that the participants were cognizant 

of process related implementation issues.  In addition, they were interested in student 

achievement as it pertained to class performance and were willing to try novel methods to 

achieve this goal.  All participants were aware of how their practice had a cross relationship 

with NGSS.   

Theme Three - Impasse 

Theme three emerged from the transcript data (Q, I1, I2, & Ob, n = 28) from all 

participants and described the barriers to widespread inquiry utilization in their classrooms, 

schools, and, more generally, the state.  This line of discussion was in response to Initial 

Interview Question (Appendix D) number five: “Finally, how do you feel we (the state of CT, 

your district, you, your teachers, students, everyone…) are doing with inquiry-based 

education?”   

The theme impasse was subdivided into three sub-themes:  how are we doing with 

inquiry training, implementation issues, and administrative issues.  The theme impasse dealt 

with the problems encountered by participants in their implementation of inquiry-based 

instruction.  Mary elucidated on this when she expressed “I think there are a lot of, um, 

constraints on teachers where they can’t use inquiry based lessons [in class].”   

These constraints are discussed in detail in the following section. 

(s) Sub-theme:  How are we doing with Inquiry  Training  
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Sub-theme:  How are we doing with Inquiry Training?  How are we doing with 

Inquiry Training delineated how participants (I1, n = 6) viewed science inquiry training in the 

state of Connecticut.  During our interview, Abigail, a science curriculum leader, stated that, 

“we were doing somewhat okay” in the state.  Ana, also a science curriculum leader, 

divulged, “we need to ground our teachers more and look at standards and translate them into 

effective inquiry practices so there is alignment.”  When asked to clarify this line of thinking 

she stated, “we need to, content-wise, do a better job aligning content vertically - fifth grade 

has no life science in their curriculum at all.”   

Kendra felt that her “school does a phenomenal job because my administrator does an 

excellent job.”  When asked about other places than her magnet school, she conceded, 

“Connecticut does a fairly good job.”  Kendra made this supposition based on the newly 

rolled out Next-Gen Science CT professional development program.   

Other participants did not have such positive outlooks.  Killi stated, “we really don’t 

do a great job of teaching using inquiry-based learning methods; only now and then students 

learn how to explore with different science practices and processes.”  Olivia can best 

summarize this sub-theme with “we are doing ok; there are pockets of where it is being well 

executed” and others in the state that were not.  

(t) Sub-theme:  Implementation Issues.  

Sub-theme:  Implementation Issues.  Implementation issues (I1 & I2, n = 11) were 

separated into two parts:  the fear of science held by elementary school teachers and the lack 

of preparation in inquiry methods training in teacher preparatory programs.  The fear of 

science held by elementary teachers was a common theme in the participant discussions.  

Many expressed trepidation about science content that could lead to poor or non-existent 

delivery of science instruction at the elementary levels.   
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Ana loved science but was in the minority at her school “a lot of the elementary 

teachers, I think, feel very overwhelmed by it.”  Anderson, the five-six science and math 

instructor, stated, “it was not a field that they pursued by choice.”   

In addition, most were not “particularly interested in science and do not feel 

particularly confident” when instructing it.  Olivia, the K-8 science coordinator, felt that this 

was based on “their own experience in school with science”; and probably there was little 

positive undergraduate experience with science and these experiences were “dry and boring 

and so they are just not interested.”   

The researcher asked Olivia for further clarification and she shared that “when you 

decide to become a teacher at that level (elementary) you decide to teach kids to read and they 

just don’t have that passion instilled in them about science.”  She shared that the elementary 

teachers in her school found it “really hard to bring it in [to] the classroom” because they “are 

not comfortable with science.”   

Anderson expressed that some were “afraid that they can’t answer kids’ questions or 

that they were not given enough time and resources to do it,” in addition “math and English 

are much more supervised and have more support in the form of professional development.”   

According to those interviewed, some of the discomfort of elementary school teachers 

in science instruction can be attributed to a lack of enjoyable exposure to science related 

courses.  Olivia discovered in her position as adjunct instructor at a local university that “most 

teachers might get three credits of science in their undergrad and this doesn’t make people 

comfortable enough.”   

Olivia’s interview brought to light the issue of pre-service preparation for teachers 

entering the teaching profession.  In an effort to further investigate this emerging phenomena, 
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I examined item number seven on the questionnaire question which dealt with participants 

professional development experiences. 

The following finding emerged from those transcript data.   Luke said that “No, I don’t 

feel like I was properly trained in this area.”   Tex, the science coordinator, stated that he 

received “nothing really in explicit instruction in science and absolutely nothing in inquiry.”  

He discussed that his personal interest in science was what directed his career in science and 

technology education.  Killi stated, “No.  There was one course I took in my teacher 

preparation that talked about inquiry education, but that was it.”  Liam, a suburban middle 

school science teacher from western Connecticut, said he had “no training.”  In Luke’s 

questionnaire answer he wrote that “No, I don’t feel like I was properly trained in this area.”  

During our discussion at a site visit, Mary stated, “I didn’t have any formal training in my 

undergrad or graduate work.”   

Olivia summed up this issue during our follow-up interview when talking about 

inquiry she stated, “I do think there is a huge problem, and higher education and training, in 

general, is a large piece of it.” 

(u) Sub-theme:  Adminis trative Issues.  

Sub-theme:  Administrative Issues.  Administrative issues (I1, I2 & Ob, n = 11) 

described the role that administrators played in the difficulty in implementing inquiry 

instruction in the classroom.  It has two components: support and expectations.  This theme 

emerged as an undercurrent in many interviews.  The discussion about the impasse in inquiry 

utilization and administrative issues led to the conclusion that often there was a lack of 

support for science, especially with the elementary instructors.   

Anderson shared that “administrators are very explicit about not giving you time to do 

it.”  He observed at his school that the focus was on literacy and numeracy and as 
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standardized testing time approached, instructors were told, “Science doesn’t matter.”  He 

observed this continually reinforced “time-wise in terms of training and professional 

development” and that at his intermediate school it was the administrative position. 

Mary stated that there are too many constraints on educators in their use of inquiry.  

She stated that “between the assessments that need to be given and pressure to get through the 

curriculum, little time was left” to experiment with novel approaches.  In addition to 

constraint, some felt that efforts were being spent in the wrong venues.  Killi expressed that 

her district focused far too much attention on “the dog and pony” show of science fair.   

The data showed that if educators were given the opportunity and more time, they would use 

inquiry more readily.   

In an echo of Anderson’s words above, Olivia shared that in her position as an urban 

science coordinator; she observed that at “the district level, the powers that be have not been 

supportive.”  This lack of support can be found in suburban areas as well.  Tex, the 

curriculum coordinator from northwestern Connecticut, experienced “there wasn’t a lot of 

explicit training for sciences [at the elementary level] because our primary focus has been on 

reading, writing and mathematics.”   

There was another undercurrent found that was not necessarily a theme, but 

necessitates mention.  There was a sense, especially in the urban school, that leadership was 

looking out for themselves rather than the best interest of the students or staff.  Killi stated, 

“we have a bad department head so leadership and competency would be helpful.”  Mary 

summarized this phenomenon when she said, “I can’t do as much inquiry as maybe I should 

be doing because of time, space, and supply restraints.” 
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The impasse being experienced by science instructors is three-fold:  poor initial 

training, reticence by some instructors to take on science content, and lack of administrative 

support.  The above issues were felt to be the reason inquiry was not being implemented in a 

more widespread manner. 

Theme Four - Develop 

Develop refers to what educators and administrators can do to better augment 

instruction with inquiry methodology.  Theme four emerged from the data (I1 & I2, n = 11) in 

response to initial interview question number 5 (Appendix D) which explored participant 

feeling towards the general level of training and use of inquiry in Connecticut. 

Theme four is segmented into the two sub-themes: professional development by your 

school and professional development by the state.  These nascent ideas stemmed from what 

was happening in the participant’s schools as well as what was hoped to happen.   

Professional development, as experienced at participants’ schools, was a major 

constituent to many discussions.  One relevant aspect was the Professional Learning 

Community (PLC).  Hord (2008) described the PLC as professionals coming together to learn 

collaboratively to promote high quality student learning.   

In describing how his institution encourages best practices in inquiry instruction, 

Martin stated that “often the teacher might give the question to the student but they might let 

the student try to plan the investigation” and after they did this with students they would go 

back to their colleagues and share their findings.   

He said, “it is really important to put learners and instructors in the position where 

they have some control over the thinking and practices that are required to do seemingly 
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simple things.”  This practice of working collegially and cooperatively was a demonstration 

of a “culture of collaboration” (DuFour, 2004, p. 3).   

Avery shared that her departmental “colleagues have engaged in past professional 

development around experimental inquiry and have shifted investigations to the beginning of 

instructional cycles so students are uncovering concepts and having common experiences 

rather than verification labs.”  They spent time developing these investigations and assessing 

their effectiveness throughout the learning cycle.  

PLCs differ from professional development in that PLCs are individualistic by nature 

and professional development has traditionally taken the form of training workshops that 

followed a set design:  present theory, expert demonstration of skill/ strategy, opportunity to 

attempt skill/ strategy, and feedback from trainer to participant (Hargreaves, 2014, p. 7).   

Presently, the definition for professional development has been updated by the U.S. 

congress in the ESSA as personalized, ongoing, job-embedded activities that are available to 

all staff, part of school improvement plan, collaborative and data driven, developed with 

educator input, and regularly evaluated (ASCD, 2015, p. 6). 

While discussing professional development, delineation was made by participants 

between district-led professional development and out-of-district professional development.   

(v) Sub-theme:  Professional Development at your School   

Sub-theme:  Professional Development at your School.  In the following section, 

the findings emerged (Q, I1 & I2, n = 20) as they pertain to professional development at the 

district level.  Ana, an urban middle school educator from southern Connecticut, stated that 

she has been “exposed to really high quality programs and I think this was vital to my 

effectiveness as a classroom teacher.”   
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Her statement highlights both the value and necessity of high caliber professional 

development.  Killi said that she “received occasional non-district professional development,” 

but as “far as professional development by the district, few to none of these have been 

specifically targeted towards my students, and I have not received training with my staff.”  

Anderson was quite passionate in his discussion on this topic.  “There is basically zero 

attention paid to science professional development, at least at the district level.”  As we 

delved deeper into this topic, he recalled, “when we adopted the most recent set (2006) of 

Connecticut standards we really did get support in transitioning from the old system.”   

When queried about this, he stated, “we had someone that worked on the new 

standards and worked with us as a grade level multiple times and they supplied us with 

materials for the new units that had to be done.  Especially in fifth grade, they changed 

completely.”  

An interesting aspect was that interviewees stated many negatives about their 

programs; they often included accolades to their districts.  An example of these contrary 

views can be seen in Anderson’s interview.  He considered that his district responded to that 

last major overhaul quite well, but that was the “last time there was any meaningful 

professional development of any kind; that’s been 10 years or something.”  

(w) Sub-theme:  Professional Development by  the Sta te   

Sub-theme:  Professional Development by the State.  Professional Development by 

the State described role that participants (Q, I1 & I2, n = 20) felt that state endorsed 

professional development held in their professional learning.  Seth, an urban middle school 

science teacher from southern Connecticut shared that most of his professional development 

came from “out of district seminars.”  Anderson, Kendra, and Mia shared that they took part 

in a summer program called the Math and Science Partnership (MSP) with the intention of 
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enhancing math and science content and process, strengthening content-specific pedagogy, 

and raising student achievement (CSDE, 2016).   

In Anderson’s interview, he spoke of his training and he said that he took part in a 

summer program.  This program, called MSP, came “out of the Exploratorium in San 

Francisco but [was] based out of Connecticut Science Center and it was an ongoing 

professional development option to go there during the summer; the CT Science Center is a 

nice resource.”  Mia stated that the program “matched us to science professionals (physicists, 

environmental scientists, biologists, etc.) who came to our classrooms to witness the inquiry 

process after we were exposed to the process.” 

For this section, a strand of data led to the researcher's discovery of the 

interrelationship between Connecticut Science Center in Hartford, CT and the Exploratorium 

in San Francisco, CA and the State of Connecticut’s Inquiry and Science Education emerged.  

This relationship was unexpectedly informative on the origin of state led teacher instructional 

enhancement.  In the initial interviews, two participants shared how they had been trained for 

inquiry instruction.  Amelia, an urban middle school teacher from central Connecticut stated, 

“Yes, I was trained by Connecticut Science Center in the use of inquiry in my class.”  Olivia 

said, “all [her colleagues] had the inquiry institute” at the Connecticut Science Center. 

The historical link between the Exploratorium, the Connecticut Science Center, and 

inquiry in Connecticut was investigated.  The researcher reached out to the Exploratorium and 

was connected with Sahara.  She was conducting research at the museum on the effectiveness 

of the museum’s professional development program.   

Sahara stated that the museum’s mission was to increase science literacy through 

inquiry instruction with participants taking part in the Teacher Institute, a program directed at 
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middle and high school teachers that takes place over three weeks each summer with the goal 

of increasing inquiry use and understanding (Exploratorium, 2016).  There was a sister 

program, Institute for Inquiry, that focuses on elementary level education (Exploratorium, 

2016).  Sahara was queried about the effectiveness of the Exploratorium’s programs and she 

shared that “we have a history of thinking about inquiry.”  She stated, “teachers are really like 

hanging onto the practices, and they like them” and they “are like, I can do that.” 

This knowledge was helpful but still left the question of why a west coast museum 

was being spoken of so commonly in Connecticut?  When this question was posed to Sahara, 

she responded that she did not know but would do some research and report.  The researcher 

received an email correspondence from Martin, a senior science educator and east coast 

transplant and he relayed the following:  from 2002 to 2005, a group of educators from 

Wallingford Public Schools attended the Institute for Inquiry at the Museum.   

One of the group members was Molly, the district’s science coordinator, and she 

became the driving force behind the partnership with the museum.  In 2006, Molly took over 

as director of science education at the Connecticut Science Center.  Martin relayed that she 

wanted to “make sure that the teacher programs were already at full swing when they opened 

the doors.”  According to Martin, this alliance has been ongoing and would send people to the 

Exploratorium in San Francisco ranging from “staff scientist to reading specialists to the 

theatre manager” because they “wanted them to understand inquiry” not just so they could 

instruct, but to also “infuse the entire science center with inquiry.” 

Martin verified that the two museums have been working in parallel “for almost a 

decade, there was a yearly group of people” attending the summer institute and “we were in 

contact with people from the science center.”  Martin thought that this long-standing 
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relationship, initiated with a single Connecticut district and then expanded to the Connecticut 

Science center, has allowed “staff at the Exploratorium to work with these teachers in 

supporting inquiry” and became “a permanent fixture in Connecticut inquiry instruction.”  

In conclusion, professional development and ongoing support was vital to teacher 

success at both the local and state level.  The participants shared that their experiences in both 

professional learning committees and professional development days would be important and 

valued if they were relevant, high quality, and content specific.  Local professional 

development often does not meet the aforementioned criteria.  The State of Connecticut has 

offered quality inquiry instruction through the Connecticut Science Center, which has an 

ongoing working relationship with the Exploratorium in San Francisco.  Although local 

professional staff development has been found wanting, many in the population, have availed 

themselves of instruction and support from outside organizations, such as the Connecticut 

Science Center. 

Theme Five - Support 

Support was in response to educators needs being met.  The theme was segmented into 

three sub-themes:  improved initial teacher training, teacher led craft enhancement, and 

administrative enhancement.  

The theme support emerged across all data (Q, I1, I2, and Ob, n = 28), but could be 

seen in response to initial interview question number 3 (Appendix A) which explored inquiry 

training in addition to how the participant could improve the level of their inquiry 

preparedness and training. 

Luke, when asked about this phenomenon, stated that he felt that there were “teachers, 

like myself, that would use it (inquiry) more if trained properly.”   
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Figure 15.  Inquiry Training.  This graph demonstrates people's opinions on if they were 

properly trained to teach inquiry. 

 

The data from Figure 15 shows that out of this specialized sample of inquiry educators 

only nine responded that they felt that they were properly trained to teach inquiry and seven 

stated they had no training.  This perceived lack of initial training was cited as a reason for 

elementary teacher discomfort in science implementation.  Proper training, in the form of 

professional development, was one of the possible reasons why middle and high school 

instructors were not using inquiry pedagogy in their classrooms.  

This response led to the search for a solution to this lack of support in the data, an 

obvious idea that was known, but not necessarily explicitly shared.  These revelatory ideas are 

as follows:  improved initial teacher training, teacher led craft enhancement, and 

administrative enhancement. 

(x) Sub-theme:  Improved Initial Teacher Training  

Sub-theme:  Improved Initial Teacher Training.  Initial Teacher Training 

described a common concern amongst participants (Q, I1, I2, n = 9) in relation to pre-service 

teacher training.  The researcher was fortunate to be able to discuss the issue with Ian, an 

associate professor in science education at the NEAG School of education, who brought an 

interesting perspective to the conversation, an outsider’s view of Connecticut’s preparation 
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and on-going training program.  He recently moved to the University of Connecticut pre-

teacher preparation program from a University in Massachusetts.   

Midway through the discussion, the topic of teacher preparation was brought up and 

the researcher shared that many pointed out that their inquiry training was inadequate or non-

existent and asked if he felt this was true.   

Ian responded, “the majority of our methods courses are now focused on [inquiry].”  

Although he stated “I think we can always grow, because these are people transitioning from 

sitting in lecture to trying to think about engaging students differently than they experienced 

and that makes it challenging.”   

In addition, Ian stated that the faculty’s goal is “to develop some core practices that we 

think are essential to support our new teachers so that when they go out they are safe to 

practice and one of those core practices is engaging students in inquiry.”  In addition, the 

science faculty members of the NEAG School “recognized the need for this stuff [inquiry and 

Next Generation Science Standards awareness].”  We decided to “put an authentic human 

pursuit in front of them [teachers-in-training] and let that be the challenge that we are gonna 

undertake this semester with the intention behind the things perhaps of if they do that they 

will take up these core practices.”   

Although he shared that many strides toward better inquiry instruction at NEAG, the 

faculty members “recognize the need to always be disturbing our program.”  He also felt that 

he and his colleagues were “recognizing that and we are having discussion now about some 

pursuits that we identified that will be accomplished” of these changes in curriculum.  In all, 

inquiry instruction at the preparation level was an issue, but it was a known problem.  Based 

on the discussion with Ian, it appears that there are efforts in place to remedy the problem.  
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These efforts ranged from looking at the core ideas being taught to potential teachers to the 

way in which the information was being delivered to give these learners the experience of 

learning through inquiry. 

(y ) Sub-theme:  Teacher led craft enhancement  

Sub-theme:  Teacher led craft enhancement.  Teacher led craft enhancement (I1 & 

I2, n = 11) describes the occurrence of teachers instructing colleagues.  Kendra, stated she 

often “plans and shares” her lessons with her colleagues.  Olivia stated that when “key 

teachers” try activities and then show others how to do the activities it “helps the others feel 

comfortable and give it a try.”   

Correspondingly, Anderson stated that his school implemented required science tasks 

and some instructors “have the guided part first and then the second part is creating their own 

investigation based on some variable they want to test.”  He went on to say that “for year’s 

teachers just do the first part” because they are reluctant to undertake inquiry tasks.  

Moreover, “part one is so you will have the basis for going on to the real work and teachers 

are scared of that.”  So “I’ve gone in and done that phase of the lesson and the teachers are 

like that is so cool and I didn’t know it was that easy.”  He felt that “they just weren’t exposed 

to it” and when they were, they were more willing to undertake the tasks.   

Cross-curricular instructional methods are an approach to teaching science through 

literacy methodology.  Olivia shared that it can “help the elementary teachers to see that 

literacy and science do not have to be taught in isolation” and she often uses “the comfort 

level of literacy to help them get better at teaching science.”  When she first decided to try this 

method, she wondered “if they were comfortable teaching a literacy unit on living things - 

then how could this translate into what they are doing in science?”  She tried this to determine 
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“how it [could] all mesh together so that it doesn’t feel like ‘oh, now I have to teach science in 

this different way’.”   

She deduced that she and, Magenta (not a member of this study), the school literacy 

coordinator,  “use the same techniques” and “they are better at doing inquiry-based, student 

centered stuff with the literacy program” than “they are with the science.”  She and the 

literacy coach endeavored to show them “that there is this connection and it doesn’t have to 

be like this total isolation.”   

The two coaches found the common “practices of teacher centered learning” and 

demonstrated that “if they are doing something in literacy that is an effective strategy then 

they can do the same thing in science.”  Olivia was not alone in her strategy.  Mia, a math 

interventionist and elementary PD trainer in southern Connecticut, has been working with her 

district to “teach the art of listening and…  [instruct them] a specific questioning technique to 

push student thinking further.”  Olivia and Magenta developed activities that were literacy 

based and could “transfer into science and still allow instructors to feel comfortable.”   

The National Council of Teachers of English website offered a relevant example of an 

inquiry based literacy lesson is titled Investigating Animals.  In this lesson, created by Devon 

Hamner and developed for grades four and five, students use a Venn diagram to compare non-

fiction to fiction books.  They then decide, as a class, what they want to research and create a 

research question.  Students research the chosen animal and finally, revise the original 

question, edit their work, and present their findings to the class (Hamner, 2016).   

Like the work done by Olivia and Magenta at Shoulders of Giants Magnet School, the 

NCTE research project incorporated science content into a literacy lesson.  This design led to 
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opportunities for students to perform hands-on activities anchored in science and English 

while engendering confidence in their instructors in science content delivery. 

(z) Sub-theme:  Adminis trative Enhancement  

Sub-theme:  Administrative Enhancement.  The sub-theme of administrative 

enhancement (I1 & I2, n = 7) was segmented into two elements: Next-Gen Science CT and 

NGSx.  Both programs are state initiatives to prepare educators for NGSS.  Next-Gen Science 

CT, was “an introduction to Next Generation Science Standards (NGSS) and a broad 

overview of the changes to science teaching and learning envisioned in the Framework for K-

12 Science Education (National Research Council, 2012).   

Esperelda, a western Connecticut middle school educator, felt that there was a “large 

push to use inquiry-based learning in the classroom and it continues to be used within the 

science classrooms regularly by many educators.”  Anderson built on this idea with his 

observation that “it takes an amazing amount of training to make someone comfortable with 

covering what they are supposed to cover in that amount of time or specific way.”  He 

thought, “time is a huge factor and professional development is a huge thing, especially as 

NGSS comes into play.”  He thought that “there still needs to be a lot of training for teachers 

to really do what they should do; and NGSS is a really nice set of standards so it would be 

nice if people really learned how to do it right.”  This program was “no cost; web-based; self-

paced; there are 15 modules offering 16 to 60 hours of structured professional learning for 

groups of educators” (CSDE, 2016). 

The other state led program was NGSx.  During Kendra's interview, she stated that 

“Connecticut does a fairly good job” with inquiry professional development.  Building on 

this, she shared that she “went through the states NGSx training to be a facilitator.”  The 

researcher was intrigued by the idea of the program and asked her about what it was and she 
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stated, “they trained 20 of us throughout the state to be facilitators and the idea is kind of like 

a pyramid and there are 20 people who are experts on NGSS.”   

After the conversation with Olivia, the researcher found that the NGSx (Next 

Generation Science Exemplar System) “is a face-to-face learning environment, in which the 

participants in a study group draw on an on-line system that poses tasks for each session and 

provides rich cases, supportive materials, and tools to guide the work” (NGSx, 2016). 

These two programs, NGSx and Next-Gen Science CT, were mentioned throughout 

the research project.  Tex summarized that he found that “middle and high school teachers are 

going to come on board for (NGSS) and he was sure that the purely online piece that Next-

Gen Science CT will be good for developing a base line” for all grades.   

Overall, the support theme is an integral part of elevating the methods of inquiry 

instruction in the state of Connecticut.  These vital programs are directly linked with the 

NGSS.  The creation of NGSx and Next-Gen Science CT will allow for more confident 

science inquiry instruction by both elementary and secondary instructors.  Mia summed up 

this movement when she said, “the state seems to be supportive, and too, so it’s a win-win!” 

Summary of Chapter Four  

Chapter four presented the examination of data of multiple cases comprised of 28 

participants bounded by their involvement in science education as well as their membership in 

the Connecticut State Science Assessment Advisory Committee.  Analysis of the data 

revealed common themes.  Commonalities were aggregated to find a consensus within each 

case and compared across cases to identify related sub-themes. 

(aa) Theme one  

Theme one.  Teach emerged from interviews with participants and centered on the 

day-to-day experience of being a teacher.  In the evaluation of the data through this lens, two 
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sub-themes emerged:  life story and pedagogy.  Halmos (1994) expressed what it means to 

teach when he shared that facts, methods, and insights are essential to teaching and the job of 

instructors is “to sort out the what, the how, and the why, point the student in the right 

direction, and then, especially when it comes to the why, stay out of his way so that (s) he 

may process full steam ahead” (p. 853).   

The individuals interviewed expressed that the function of the instructor was to 

prepare the conditions for learning and then guide their students through the process of 

discovering the desired information.  During discussions centered on teaching, the participants 

would commonly recall aspects of their life that led them to their present position as 

instructors.  Additionally, the theme explored the experience of being a modern science 

instructor in Connecticut.  

The second sub-theme, pedagogy, was broken into methods of instruction (didactic 

and inquiry instruction) and what is inquiry instruction.  It was found that in their everyday 

instruction participants used didactic instruction as well as inquiry methods as time and 

subject matter allowed.  For example, Killi gave basic instruction on elements of bridge 

architecture and then allowed students to explore bridge creation using a variety of materials 

and designs of their own.   

This use of different methods is examined further in theme two.  In addition, although 

all participants in this group could define inquiry, there were profound differences in those 

definitions.  This offset understanding of inquiry was examined further in theme two. 

(bb) Theme two  

Theme two.  Theme number two emerged from data about the experience of teaching 

science students in Connecticut.  The theme of process arose from the participant data 

regarding the real-world application of inquiry and the continuum of inquiry. 
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The process of instructing students came to the forefront of discussions centered on 

teaching.  The instructors shared that there were many ways to teach students.  Each method 

was relevant, if it challenged and engaged learners in the content matter.  It was universally 

felt that offering experience that allowed information to be learned in an authentic manner 

was the best.  This idea was supported by both the individuals from the study the creators of 

the NGSS.  The authors shared that effective teaching strategies should connect to a student’s 

sense of place, apply students fund of knowledge, and use project-based activities centered on 

authentic questions and activities that matter to students (NGSS, 2013). 

In discussing the utilization of inquiry with participants, the researcher found that 

understanding of what inquiry was, its use, and its translation into classroom methodology, 

was related to the exposure and comfort level of the instructor.  It was shared that two 

structures of inquiry, the 5e model and model-based learning, were known to some of the 

participants. 

The last aspect of this theme was the continuum of inquiry.  This idea was touched on 

in theme one.  For this study, the work of Bianchi and Bell (2008) was used.  These two 

researchers created a sliding continuum that goes from the highest level of teacher direction to 

the lowest- confirmation, structured, guided, and finally open.  Teachers shared that based on 

limitations, primarily time, some aspect of inquiry would be used in their classrooms, but 

predominantly they most often found themselves using the confirmation side of the 

continuum.  This lack of time led to the development of theme three. 

(cc) Theme three  

Theme three.  Theme three emerged from the transcript data as participants described 

the barriers to inquiry utilization in their classrooms, schools, and, more generally, the state.  
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The theme impasse was partitioned into three sub-themes:  how are we doing with inquiry 

training, implementation issues, and administrative issues. 

All participants shared that although they felt that inquiry was the most effective way 

to instruct students, were barriers to its implementation.  Success of inquiry in our schools 

emerged as being directly related to training and administrative support.  The more supportive 

of science and inquiry the administration was, the better the program.  This idea was 

summarized by Olivia who felt that “we are doing ok; there are pockets of where it is being 

executed really well” and other areas where it is not. 

There were implementation issues present at all levels, but the most profound seemed 

to at the elementary level.  Elementary teachers’ fear of science instruction was a common 

theme in the participant discussions.  Many felt that this fear led to poor or non-existent 

delivery of science instruction at the elementary levels in their schools.  It was shared that the 

reason these teachers in their schools became elementary school teachers was to instruct 

reading and writing and this is where their interest and educational focus was.  Their lack of 

science methods courses during teacher preparation further led to their discomfort when 

required to teach science content.   

Moving beyond the science content delivery at the elementary level, it was found that 

secondary teachers received little, if any, inquiry instruction during their teacher preparation 

time.  It was expressed that with more training these instructors would be more likely to 

engage in inquiry instruction and, subsequently, increase implementation of inquiry methods 

at all levels. 

The final sub-theme in impasse was administrative issues.  It was shared that for the 

participants the focus at the elementary level was primarily on literacy and numeracy.  This 
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focus, especially around times of standardized testing, led to explicit instructions to disregard 

science (and history) instruction in favor of intense focus on numbers and letters. 

In summation, the impasse being experienced by science instructors is three-fold:  

poor initial training, reticence by some instructors to take on science content, and lack of 

administrative support.  The above issues were felt to be the reason inquiry methods in 

science were not being implemented in a more widespread manner. 

(dd) Theme four  

Theme four.  Theme number four emerged when asking participants about their 

training in inquiry instruction in science.  This theme focused on how professional 

development, from multiple sources and in its many forms, can influence the development of 

a more cohesive understanding of inquiry.  In so doing, strengthen our existing staff and 

science programs. 

The first aspect of “development” that was investigated was professional development 

in its two common variants:  Professional Learning Communities (PLC) and professional 

development days.  Participants shared that it was important for the educators themselves to 

be a part of the planning and delivery of content that matters to their day-to-day instruction.  

While the PLCs are helpful and act as a means by which to increase inquiry utilization and 

quality instruction it was, for the most part, felt that school level professional development in 

science inquiry strategies was ineffective at best and, more commonly, irrelevant to science 

instructors. 

Although the school level instruction was found wanting, participants shared other 

professional development sources.  Many participants mentioned attending continuing 

education courses through area universities as well as Connecticut’s Regional Service Centers 

(RSC).   
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The most common of these external sources was not related to higher education or the 

RSCs.  The Connecticut Science Center, in relation to the Exploratorium in San Francisco, 

was found to be at the center of science inquiry professional development.  The museum was 

a resource for classroom content, but also for the planned three-year rollout program for the 

NGSS. 

In conclusion, professional development and ongoing support is vital to teacher 

success in science inquiry at both the local and state level.  The participants shared that their 

experiences in both PLCs and professional development days were important and would be of 

greater value if they were relevant, high quality and content specific.  Local professional 

development often does not meet the aforementioned criteria.  Although local professional 

staff development has been found wanting, many in the population, have sought instruction 

and support from outside organizations. 

(ee) Theme five  

Theme five.  Theme five emerged from all aspects of the discussion.  Most 

participants felt that there was a way to make things better and it culminated in the theme 

support.  Participants saw this idea of support as anything that would help them, their 

students, or school move forward in the realm of inquiry instruction in science.  This section 

was dissociated into the following sub-themes:  improved initial teacher training, teacher led 

craft enhancement, and administrative enhancement. 

Sub-theme one dealt with initial teacher preparation.  The dominant feeling of those 

interviewed was that improvements had to be made when preparing pre-service science 

teachers:  (a) increased core science education for elementary teachers and (b) improved 

inquiry based methods courses for all teachers.  It was found that some universities are aware 

of the issues and in conjunction with the increased focus on inquiry in both Common Core 
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and NGSS, efforts are being made to remedy the problem but there is still more work that 

needs to be done.  

It was found, based on questionnaire and interview data, that of the 28 participants, 

nine felt that they had received appropriate training in inquiry instruction, six stated they were 

somewhat prepared to use inquiry in their instruction, seven shared that they were minimally 

trained in the use of inquiry, and six stated they had received no training in using inquiry to 

teach science.  

Sub-theme two dealt with teacher-led craft enhancement.  The use of cross-curricular 

instruction methods to allow better instruction was put forth.  The data showed that 

elementary instruction of science content using an inquiry-based literacy methodology was 

effective.  This allowed veteran teachers, who might be otherwise hesitant, to tackle content in 

a familiar and comfortable methodological framework. 

Sub-theme three, administrative enhancement, was segmented into two elements: 

Next-Gen Science CT and NGSx.  Both programs are state level initiatives aimed at 

increasing knowledge and comfort levels of district and school level staff.  Both programs 

were mentioned by participants and seem to be the support structure that is needed to augment 

school level attempts at science professional development and increase inquiry capacity and 

understanding of NGSS concepts.  In the case of NGSx, highly trained, currently teaching 

individuals are available to science departments across the state to run intensive training 

professional development sessions.  As for Next Gen Science CT, this self-paced online 

program is interactive, informative, and has a discussion section that serves to increase 

collegiality and encourages communication by teachers across the state. 

(ff) Conclus ion of chapter and relation to research question  
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Conclusion of chapter and relation to research question.  The research question 

(What are the perspectives of science practitioners of inquiry-based instruction in 

Connecticut?) guided this researcher's exploration of participants’ learning and instructional 

experiences in addition to their perceptions of school, district, state, and national issues.  The 

study’s purpose was to explore the perspectives of practitioners utilizing inquiry-based 

instruction from 35 Connecticut school districts.  Analysis of the data suggested five themes: 

teach, process, impasse, develop, and support.  The implications of these themes are discussed 

in Chapter Five.  
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CHAPTER 5:  SUMMARY AND IMPLICATIONS 

This chapter provides a brief overview of the research study— background, 

methodology used, and the associated themes.  A comparison is made between these themes 

and pertinent peer reviewed literature.  The implications of these themes for the teachers, 

schools, and State of Connecticut, as well as suggestions for areas of future research, are 

discussed.  The chapter addresses limitations of the study and concludes with an overall 

summary. 

Overview of the Study 

The purpose of this study was to explore the perspectives of educators using inquiry-

based instruction in Connecticut schools.  The research was bound by participants’ inclusion 

in the Connecticut State Science Advisory Committee (SSAAC) as well as commitment to 

science education.  The research question, “What are the perspectives of science practitioners 

of inquiry-based instruction in Connecticut?” was at the forefront in all aspects of design, 

implementation, and analysis of data from this study. 

The multiple case study included educators associated with the SSAAC who were 

volunteers from 35 school districts in Connecticut (n = 35/169).  Each case represents a 

school from Connecticut and included teachers, curriculum leaders, professional development 

experts, and a state education advisor/ teacher-preparation expert.  

Each participant was asked to complete an online demographic and inquiry utilization 

questionnaire.  From the results of the questionnaire, 11 of the participants were selected to 

participate in semi-structured interviews based on their answers from the primary online 

questionnaire (Appendix A).   
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A round of follow-up interviews of five key participants were based on their responses 

to questions two and five of the initial interview (Appendix C) guided the researcher's choice 

of participants for the second round of interviews, resulting in five participants for round two.  

Finally, two of the follow up interviewees were observed in their classrooms to assess inquiry 

implementation.   

The researcher transcribed observed phenomena using a digital recorder, headphones, 

and computer.  The researcher shared the transcripts with participants and examined the data 

before beginning the coding process.  Participants were composed of female (n = 18) and 

male (n = 10) educators with varying levels of graduate education:  a. 3 holding doctorates, b. 

eight holding 6th year certificates, and c. the remaining 17 held master degrees (Table 11).  

An inductive approach to content analysis of data from the questionnaire, interviews, 

and observation was used to explore constructs, themes, and patterns.  After segmentation 

took place, the data were categorized to allow patterns and constructs to emerge into primary/ 

open codes (Appendix G).  The data were reduced based on the emergent design and those 

reductions, or secondary/ axial codes, were informed by ongoing data collection using 

constant comparison as codes emerged (Appendix H).  As a result, data collection further 

informed data analysis.  Initial coding of patterns was reduced until theoretical saturation 

occurred and tertiary codes or thematic findings emerged from the data (Appendix I).  In 

conclusion, the findings across the case studies and academic levels showed consistency 

Comparison and Contrast of Findings Related to the Literature Review 

The researcher looked at inquiry science education in Connecticut and asked the 

question ‘What are the perspectives of science practitioners of inquiry-based instruction in 
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Connecticut?’  This section investigates the findings to the above query and compares and 

contrasts this to the existing literature.   

The participants (n = 28) in this study distributed though elementary school (n = 7), 

middle school (n = 15), high school  (n = 3), high education (n = 1), and other (n = 1).  Many 

of the elementary and middle school teachers entered the profession with the little to no 

science background.  The data showed that the methodology used by these professionals was 

reflective on the way they were taught.  In this way, when teaching science, the lecture and 

memorization style of instruction was the predominant fall back for most instructors.  The 

pedagogical shift from didactic instruction to the inquiry continuum was difficult based on 

misconceptions stemming from lack of training. 

The data showed that when teaching, participants hoped to incorporate more hands-on 

instruction.  Instructors acknowledged that using inquiry methods in their classrooms was 

advantageous due to the way students process information; these results of these current study 

coincide with the findings of the Furtak et al. (2014) study about inquiry instruction.  In 

discussion with these participants, there was mention of how inquiry was used.  The data 

demonstrated that most participants in the study would fall within the guided portion of the 

inquiry continuum (Bianchi & Bell, 2008).   

There was a trend that the more curriculum focused participants (curriculum 

coordinators, high school teachers, and PD experts) mentioned codified inquiry methods, such 

as BSCS’s 5e and model-based learning, in contrast to classroom teachers who had a general 

concept of inquiry and its basic implementation.  Some of the participants mentioned that 

there were efforts being made to integrate literacy inquiry methods with science content to 

augment the process of science inquiry instruction.  This integration supports the Greenleaf, et 
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al. (2011) study about scientific literacy learning and its positive outcomes on teacher self-

efficacy and, and in turn, more science being taught in the classroom.  

An undercurrent of participant frustration emerged from the data.  Participants 

described issues that blocked their effective use of inquiry in the classroom.  Lack of 

confidence for teaching science in elementary level classrooms surfaced as a major 

impediment to inquiry science instruction and science instruction, in general.  This result was 

supported by the 2011 meta-study conducted by Milner et al. pertaining to science instructor 

beliefs.  Few, if any, of the elementary school teacher participants had a solid undergraduate 

science background and fewer still had science methods classes during their teacher 

preparation courses.  These results from the current research support the work of Berg and 

Mensah (2014) who stated that there are “tensions between [elementary teacher] 

responsibility to teach science and their lack of a science background.” 

Adding to this fear-driven hesitancy about science, self-imposed as well as 

administrative pressures to spend less time on science and more on numeracy and literacy to 

elevate standardized tests scores further exacerbated this already shaky foundation of science 

instruction.  The research done by DeBoer (2000) on self-perceived negative changes in 

pedagogy in response to standardized testing and Griffith and Scharmann (2008) on 

administrative augmented pressure to spend more time preparing for standardized tests and 

less on science support these findings.  Taken together, this lack of training, lack of 

confidence for teaching science in elementary level, and focus on literacy and numeracy over 

science created a large roadblock to elementary science instruction. 

This study’s results suggested a lack of training and support for instruction.  Data 

emerged that instruction was present at the school and district level in the form of professional 
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development days and reported discussions during PLC meetings.  Participant data indicated 

that professional development days were ineffective because they were often not focused on 

topics that were relevant to their instructional topics but rather generalized to influence the 

entire school population.  These data support the findings of Garret et al. (2001) who 

examined what makes professional development effective.   

Some of the participant data indicated that PLCs were a place to learn newer 

information, but that the effectiveness of the communities were limited by scheduling 

constraints, member knowledge, desire and investment in change, and member motivation.  

These data supported the work of Stoll et al. (2006) who found that for PLCs to be effective, 

the learners must feel empowered, valued, and engaged.  For this to occur, PLCs must be 

focused on the learning process, formal and informal learning opportunities should be offered, 

distributive leadership should be utilized, a combination of local (teacher) and outside 

(content expert/ consultants) expertise accessed, time allotted, space provided, and support 

must be provided (financial, administrative, and community) (Stoll et al., 2006).  

Many of those interviewees indicated the most effective forms of training they 

received originated outside of their districts.  Though the sources varied, one of the common 

denominators for improved science instructive knowledge from the participants was 

professional development opportunities offered through the Connecticut Science Center.   

Finally, the data indicated many changes have occurred in the state.  In conversations 

with participants who were involved with teacher training programs at St. Joseph’s College 

and NEAG School of Education at UCONN, the shortcomings in these programs regarding 

science and inquiry were acknowledged, known and, were being remedied at the time of 

interviews.  Participants suggested they would instruct and coach colleagues on new teaching 
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methods; however, the data showed that these interactions were occurring outside of PLC and 

professional development times.   

One of the novel approaches to instruct teachers on the use of inquiry in science 

classrooms was to parallel-teach a science concept with literacy content.  This approach 

allowed elementary school teachers to feel more comfortable with new topics when using 

blended methodology.  This result supported Pearson et al. (2010) who found that use of 

integrated science literacy methods increased instructor comfort which led to greater student 

comprehension because the instructor was actively engaging students in content, not just 

standing and delivering the content. 

In addition to these seemingly grassroots-like methods, the State of Connecticut has 

initiated two programs to train practitioners on accessing the NGSS using inquiry 

methodology.  The programs are similar in that they disseminate peer reviewed, research-

based data and methods in a standardize way.  The programs are different in that NGSx is a 

short-term in-service or professional development day to be led by trained moderators who 

lead participants through the material.   

In contrast, Next Generation Science CT is an all-online program that can be done 

independently or in small study groups and meant to be participated in for a year or longer.  

The next section explores the implications of the five themes on research and future practice. 

The research study culminated in five emergent themes:  the experience of inquiry 

teaching (teach), the process of inquiry teaching (process), problems encountered in inquiry 

instruction (impasse), improving inquiry instructive methodology (develop), and supporting 
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inquiry instructors (support) (Figure 17).  

 

Figure 16.  Inquiry in Education.  A visual representation of the themes. 

Suggestions for Future Research 

The following section is organized in the following manner:  theme, the theme’s 

significance and implication to Connecticut science practitioners, the theme’s significance and 

implication to researchers, and areas of future research.   

(gg) Theme One 

Theme one.  The first theme was centered on the day-to-day experience of teachers.  

Findings indicated that the instructors intended to set the stage for learning and to act as 

guides to allow learners to discover desired information.   

Participants, predominantly elementary school educators, expressed that it was 

difficult to create environments in which science teaching was optimal due to lack of science 

training as well as a predominant focus during the school day on literacy and numeracy.  In 

addition, data showed that instructors perceived that preparation for and execution of inquiry 

lessons required a large amount of time and effort.  Moreover, data demonstrated that the 

engagement of students in inquiry lessons could be difficult if students felt frustrated by tasks. 

Teach Process Impasse

Develop Support
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Participants stated that their own educational experiences impacted their present 

position as instructors.  Most instructors shared that they were taught a certain way and this 

pedagogy led to their present teaching style.  Data indicated that the favored method 

instruction of Connecticut science teachers was heavily biased toward level four, or open 

inquiry, as can be viewed in open codes (Appendix A) and exemplified by Liam when he said 

“students form questions based on real-world scenarios or scientific phenomena and design 

their own investigations to form conclusions”.  However, teacher self-reflection demonstrated 

that level two, or guided inquiry, was much more common place which was again could be 

viewed in open codes (Appendix A) and exemplified by Anderson in his description of “a 

performance task…[and] you design your procedure from start to finish.”  

(i) Sign ificance of theme and its implications  to Connecticut science practitioners.   

Significance of theme and its implications to Connecticut science practitioners.   

This theme is important to the practitioners because the knowledge that inquiry 

lessons can lead to frustration is a basic component of this pedagogy.  Students’ want tasks 

that have straightforward answers.  The nebulosity intrinsic to inquiry instruction is part of the 

learning strategy and must be accounted for in the instructive strategy.  It is imperative that 

the instructors use this knowledge to support learners to foster perseverance and its associated 

elevation of academic performance.   

(ii) Sign ificance of theme and its implications  to researchers.   

Significance of theme and its implications to researchers.  This theme is important to 

the practitioners because the investigations of inquiry methods and a reduction in its 

associated frustration in the learner and instructor, may lead to higher academic performance.  

The results addressed in theme one support Capdeferro & Romero (2012) in their 

investigation of frustration in cooperative student centered investigations and their subsequent 

findings that frustration “affects students’ emotions and learning experiences” (p.2). 
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Therefore, if frustration levels in students are diminished by modifications in inquiry 

methodology, then student performance may increase due to these changes. 

(iii) Areas of future research.   

Areas of future research.  There is an opportunity, with the emergence of NGSS and 

its associated “cross-walks” also known as cross cutting concepts, to determine the impact of 

these integrated standards on not only student performance as it pertains to science, but also to 

numeracy and literacy.  Additionally, the impact of NGSS on the level of misconception 

relating to inquiry and core concepts would be of interest.   

(hh) Theme Two. 

Theme two.  The second theme, process, was partitioned into real world applications 

and continuum of inquiry.  This theme expressed that the process of teaching was viewed in 

terms of instructional strategies teachers are using with special focus on their utilization of 

inquiry.  The researcher found that the participants were aware of the requirements of NGSS, 

but also cognizant of the implementation issues pertaining to inquiry methods in their 

classrooms particularly where open-ended inquiry practices are concerned.  Furthermore, the 

participants stated that high student achievement and comprehension were important in their 

classrooms and were willing to try novel methods to achieve these goals.  

(i) Sign ificance of theme and its implications  to Connecticut science practitioners  

Significance of theme and its implications to Connecticut science practitioners.  The 

theme of process is impactful in that as Connecticut moves forward with its implementation 

of NGSS, there will be an expectation of teachers from both administration and parents to 

teach using student-centered inquiry-based pedagogy.  In order to realize the full potential of 

these standards and their associated activities, it will be necessary to develop a repository of 

best practices and training in the continuum of inquiry strategies.   

(ii) implications to researchers.   

Significance of theme and its implications to researchers.  This theme is important because 

the investigation of the relationship between student-centered inquiry-based instruction, 
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instructor self-efficacy, and student learning may lead to higher overall school performance.  

The implication of this theme is associated with the work of Greenleaf et al. (2011) in their 

findings that teachers trained in using literacy-based science professional development 

“demonstrated increased support for science literacy learning, increased use of metacognitive 

inquiry routines, increased reading comprehension instruction, and increased use of 

collaborative learning structures” (p.703). 

(iii) Areas of Future Research  

Areas of Future Research.  The findings of this study showed that most participants 

were rooted in the left side of the continuum.  Interested researchers could find fertile grounds 

for research if they are to study the impact of NGSS on inquiry continuum position shifts in 

typical teachers across the state.   

(ii) Theme Three.  

Theme three.  The third theme illustrated perceived barriers to implementing inquiry 

pedagogy in schools, and, more generally, the state.  The theme impasse was separated into 

how we are doing with inquiry training, implementation issues, and administrative issues.  

The impasse being experienced by science instructors is three fold:  poor initial training in 

science content and instructional methods, elementary level reticence by some instructors to 

teach science content in-depth, and lack of administrative support for science instruction 

which reflects the 2015 work by Gutierrez dealing with barriers to inquiry teaching:  lack of 

support, training, and available inquiry based materials; overemphasis on assessing content 

learning rather than learning through inquiry; and the perceived difficulty and time consuming 

nature of inquiry based teaching.  

(i) Sign ificance of theme and its implications  to Connecticut science practitioners.  

Significance of theme and its implications to Connecticut science practitioners.  The 

theme has great significance to Connecticut administrators and teachers initiating change in 

an effort to comply with NGSS.  The knowledge that there is a long-standing tendency in 
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administration to focus on literacy and numeracy at the expense of science support, training, 

and materials is vital to successfully alter existing science programs.  The implication being 

that if more support were given by administrators in the form of time allowed for science 

instruction and professional development quality at the elementary level then overall science 

instructional quality and student performance could increase. 

(ii) implications to researchers.   

Significance of theme and its implications to researchers.  This theme is important to 

the researchers because the investigation of greater focus on NGSS practices, implementation, 

and assessment may lead to increased confidence in elementary school instructors.  This 

theme reflected the findings of the 2013 study conducted by the National Science Foundation 

which found that “the challenge for the field will be making the most of areas of opportunities 

participant belief that class time should allow students to: a) share ideas through sharing and 

reasoning, b) conclude with a summative closing, c) use multiple forms of engagement, and 

d.)  experience hands-on activities] while simultaneously supporting teachers to deepen their 

content knowledge and align their practice more closely with the vision of science instruction 

expressed in the NGSS” (p.22). 

(iii) Areas of future research.   

Areas of future research.  This theme could lead to many avenues of research.  The 

impact of mandated inquiry instruction on support and training for science practitioners is a 

topic that could, and should, be investigated.  Additionally, researchers could investigate how 

NGSS inspired shifts in pedagogy impact instructional practice in Connecticut classrooms is 

another question that is relevant and deserving of investigation. 

(jj ) Theme Four.   

Theme four.  The fourth theme emerged from data associated with the questions, 

“How is Connecticut doing regarding inquiry education and how can educators and 

administrators foster the use of inquiry in classrooms?”  Theme four was segmented into the 
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two sub-themes of professional development at your school and professional development by 

the state.  

Data indicated that professional development in addition to ongoing support was vital 

to teacher success at both the local and state level.  The data showed that professional learning 

committees and professional development days would attain higher value and significance if 

they were viewed as relevant, high quality, and content specific by participants.  

The data collected by the researcher demonstrated that quality professional 

development has consistently been offered by State of Connecticut through the Connecticut 

Science Center.  Many participants in this study have used this high-quality resource.   

(i)  Sign ificance of the theme and its implication to Connecticut  science practitioners.   

Significance of theme and its implications to Connecticut science practitioners.  The 

knowledge that professional development activities, be they PD Days or PLCs, are important 

and the key to improving instructional quality and ability.  The implication is that if activities 

are tailored to each instructional learner, then they could lead to higher quality programming 

and, in turn, more productive instructors.  In addition, new research-based infrastructure in 

professional development could be created to increase the effectiveness of these programs. 

(ii) implications to researchers.   

Significance of theme and its implications to researchers.  Theme four and its focus 

on the value of quality professional development on Connecticut teachers is significant to 

researchers in that it highlights the need for individualized instruction for instructors based on 

content, need, and experience.  These findings echo those of Reed (2000) who called for not 

the generalized approach of “in-service days, workshops, and conferences [but rather] a 

highly personalized approach focused on the individual teacher’s need to develop knowledge 

and skills essential to improve the quality of instruction” (Reed, 2000, p. 5).  This need for 



 199 

increased specialization based on the needs of the instructor and not the schools overall 

shortcomings was, and still is, relevant. 

(iii) Areas of future research. 

Areas of future research.  Future researchers should look at the relative effectiveness 

of professional development days and professional learning committees in regard to changes 

brought on by new focus of cross-curricular relations fostered by NGSS.  These new inter-

relationships might bring an increased depth and nuance to professional development 

activities that could allow more meaningful interdisciplinary activities. 

(kk)  Theme Five.  

Theme five.  The fifth theme was separated into improved initial teacher training, 

teacher led craft enhancement, and administrative enhancement.  The data showed that 

educators reported that elementary instruction of science content using inquiry based literacy 

methodology was effective.  In response to this, participants expressed that pre-service 

teachers, especially elementary teachers, needed better content and methods education during 

pre-service courses.  

Professional development for practicing science educators has improved vastly since 

the initiation of this study in the form of NGSx and Next-Gen Science CT.  In the case of 

NGSx, highly trained, currently teaching individuals are available to science departments 

across the state to run intensive training professional development sessions.  As for Next Gen 

Science CT, this self-paced program is interactive, informative, and has a discussion section 

that serves to increase collegiality and encourages communication by teachers across the state.  

(i) Sign ificance of theme and its implications  to Connecticut science practitioners.   

Significance of theme and its implications to Connecticut science practitioners. This 

theme was relevant on two fronts.  As far as pre-service education, the knowledge that there is 

a problem with teacher preparation courses is the first step in improving the quality of these 

courses and in so doing the quality of the exiting educators.  In addition, science methods 
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courses must change due to the increased focus on inquiry and model-based teaching 

described by NGSS.   

(ii) implications to researchers.   

Significance of theme and its implications to researchers.  The importance of this 

theme dealing with NGSS deals with the effect that these training programs might have on 

participants and the comprehensive, long-term training when rolling out a new initiative in 

education.  This theme about the effectiveness of training on teacher performance supports the 

study conducted by Reiser et al. (2016) on implementation of the NGSS standards in which an 

approach to teacher training would require “ ‘learning in, from, and for practice’” in which 

teachers analyze examples of classroom practice, and work together to plan how to apply 

these ideas to their own classroom” (p.3). 

(iii) Areas of future research. 

Areas of future research.  There is great opportunity for studies based on the impact 

of effective professional training on instruction as gauged by study comprehension and 

success.  The self-efficacy of teachers could be studied during this profound pedagogical shift. 

With the acceptance of NGSX by the State of Connecticut and the subsequent creation 

of the Next-Gen Science CT website, it would be interesting to see if this intensive, free and 

easily accessible standardized and state funded professional development will influence the 

preparedness of Connecticut science teachers in their quest to be better inquiry instructors. 

Limitations of this Study 

This study had a variety of limitations.  The make-up of the study sample, individuals 

selected due to their interest in science methods and belief in inquiry use, could have led to 

skewed positions on the inquiry continuum.  The teaching assignments of the study sample 

were predominantly K-8 with only a few high school (n = 3) and secondary educators (n = 1) 
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included.  Additionally, there was no representation of instructors from the far eastern parts of 

the state.   

Summary of Chapter 

The purpose of this study was to determine the perspectives of science practitioners of 

inquiry-based instruction in Connecticut.  The researcher learned through questionnaires, 

participant interviews, and observations about the participants’ educational experiences and 

perceptions of the state of inquiry education in their schools and, indirectly, Connecticut. 

Analysis of the data suggested themes in five areas:  the experience of inquiry 

teaching, the process of inquiry teaching, problems encountered during inquiry instruction, 

improving inquiry instructive methodology, and supporting inquiry instructors.  The 

significance of the themes and their implications for Connecticut science practitioners and 

researchers were offered and discussed. 

Overall Conclusion 

In conclusion, this dissertation explored the perspectives of science practitioners of 

inquiry-based instruction in Connecticut.  Inquiry instruction in the state is in-flux.  Though 

there were many reasons found for non-implementation, the data shows that through the 

adoption of the Next Generation Science Standards and the training programs, NGSx and 

Next-Gen Science CT, inquiry instruction will be a major focus of local schools, school 

districts, and the Connecticut State Board of Education.  This work may contribute to the 

existing body of knowledge of science education pedagogy that will further inform policy and 

practice at the state and local levels.  
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APPENDIX A:  PRIMARY ONLINE QUESTIONNAIRE  

Primary Online Questionnaire 

Initial Question  

 

1. How long have you been in your position? 

2. Please circle what best describes your position 

Classroom Teacher Administrator State Official 

3. How would you categorize your district?  (MULTIPLE CHOICE) 

Rural  Suburban Urban 

4. What DRG are you in?  ____ 

5. From your own perspective, please define inquiry instruction. 

6. In your instructional practice, how often do you utilize inquiry methodology?  Daily, 

Weekly, Monthly, A couple times per year  (MULTIPLE CHOICE) 

7. Do you feel like you have been trained to implement inquiry-based instruction with 

your student’s and/ or staff? 

8. If you were given any environment as well as any resources, what would your ultimate 

inquiry-based science lesson look like?  (I don’t need a lesson plan () but rather a 

brief summary.   

 

  

https://www.cabe.org/uploaded/About_CABE/CABE_Awards/2009_Bonnie_DRG_Map_with_CABE_Areas.pdf


 236 

APPENDIX B:  INITIAL INTERVIEW QUESTIONS  

Initial Interview Questions 

Face to Face/ Skype  

1. If you had to explain to a novice teacher inquiry-based instruction, what would you 

say? 

2. In your instructional practice, how often do you utilize inquiry methodology?   

3. Do you feel like you have been trained to implement inquiry-based instruction? 

4. In the online questionnaire, you answered the question “If you were given any 

environment as well as any resources, what would your ultimate inquiry-based science 

lesson look like?” like this.  Read it back.  I am intrigued with this notion, why did 

you choose to design the experience like this.  

5. Finally, how do you feel we (the state of CT, your district, you, your teachers, 

students, everyone…) are doing with inquiry-based education?   
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APPENDIX C:  FOLLOW-UP FOCUSED INTERVIEW QUESTIONS  

Follow-up focused interview questions 

1. If you had to explain to a novice teacher inquiry-based instruction, what would you 

say? 

2. In your instructional practice, how often do you utilize inquiry methodology?  In our 

first discussion, I asked about inquiry and you stated you use it.  Can you describe a 

typical activity in which you would use inquiry?  When not? 

3. In the initial interview, I asked the question “Do you feel like you have been trained to 

implement inquiry-based instruction with your students and/ or staff?” and you 

answered this (show transcript).  I then asked how you would change this.  I want to 

revisit this.  Why do you feel that this would help? 

4. When asked about how do you feel we (the state of CT, your district, you, your 

teachers, students, everyone…) are doing with inquiry-based education?  You 

answered this (refer to transcript).  What can you or I do to make this better?  Is there 

a limit to the level of PD you would be willing to undertake? 
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APPENDIX D:  EQUIP  

Figure 22: Electronic Quality of Inquiry Protocol 
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Note.  Adapted from EQUIP: Electronic Quality of Inquiry Protocol, by J.C. Marshall, B. 

Horton & d. Llewellyn, 2009, Clemson University’s Inquiry in Motion Institute, Clemson, 

SC. 
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APPENDIX E:  VALIDITY AND RELIABILITY OF EQUIP  

Figure 23:  Validity and Reliability of EQUIP   

Note.  Adapted from International Journal of Science and Mathematics Education, p. 311, by 

J.C. Marshall, J. Smart, & R. M. Horton, 2010, National Science Council, Taiwan. 
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(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Anderson, T., 

and Kanuka, 

H. (1999) 

To identify 

and categorize 

the positions 

of 

constructivism 

learning 

theories, their 

relationships 

to each other, 

and the 

implications 

for 

instructional 

practice for 

each position. 

Study Qualitative "Constructivism is a 

process whereby we 

actively construct 

knowledge using 

language based on our 

past experiences that 

provide real-world 

examples are required. 

According to 

constructivism 

learning principles this 

kind of learning 

environment the tasks\ 

reflect the complexity 

of the real world in 

which learners must 

function after the 

planned learning 

activities have 

occurred." 

Ashcraft, P. 

G. (2006, 

February) 

To note 

differences 

between 

classes that 

experienced 

inquiry using a 

5-E lesson 

planning 

model and 

those that 

experienced 

the same 

content with a 

traditional, 

didactic 

lesson. 

n = 148 

didactic group 

n = 26 

constructivist 

group n = 102 

Elementary 

education 

majors, 

predominantly 

women, 

predominantly 

juniors, the 

other third 

being non-

science majors  

Quantitative "The two self-selected 

groups of students 

showed no statistically 

significant differences 

in pre-test scores, 

while there were 

statistically significant 

differences between 

the groups' post-test 

scores with those who 

participated in inquiry-

based activities scoring 

higher.  
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(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Capps, D., 

Crawford, B., 

and Constas, 

M. (2012) 

to determine 

how inquiry 

was being 

used of in 

classrooms 

n = 30; mixed 

methods. 

 

"few teachers were 

appropriately using 

inquiry but thought 

they were." 

Berg, A., and 

Mensah, F. M. 

(2014)  

To study 

identifies and 

explores the 

dilemmas 

experiences by 

three first 

grade teachers 

in teaching 

elementary 

school science.  

This study was 

carried out at 

an urban 

northeastern 

K-8 school. n 

= 3  

qualitative "Results of this 

comparative case 

study indicate 

teachers perceived 

tension between 

focusing instruction 

practice on science 

versus the other 

school subjects, 

tension between need 

to teach science and 

lack of science 

knowledge, and 

tensions between 

using curriculum as a 

script, supplement, 

starting point, or not 

at all.  

Chen, Y. C., 

Hand, B., and 

Norton-Meier, 

L. (2016)  

To investigate 

the various 

roles that early 

elementary 

teachers adopt 

when 

questioning, to 

scaffold 

dialogic 

interaction and 

students’ 

cognitive 

responses for 

argumentative 

practices over 

time. 

The multiple-

case study 

examined a 4-

year 

professional 

development 

program that 

emphasized an 

argument-

based inquiry 

approach. n = 

31 

mixed-methods "The findings imply 

that to promote 

student engagement, 

teachers should go 

beyond one single 

role for questioning 

and should play 

multiple roles to 

tackle different 

situations by 

considering student 

ownership of ideas 

and activities" 
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(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Dolan, E. L., 

and Collins, J. 

P. (2015)  

To research on 

how people 

learn shows 

that teaching 

using active 

learning is 

more effective 

than just 

lecturing. 

NA journal article "Active learning 

demands that students 

think at a higher level, 

which means they 

may become 

frustrated if they are 

accustomed to 

memorizing and 

recalling facts. 

Reassuring students 

that what is expected 

is challenging but 

possible builds their 

confidence to persist. 

It also helps to remind 

students that we also 

struggled with 

scientific problems, 

persisted, and 

benefited. Doing the 

real work of a 

discipline—designing 

studies, interpreting 

data, synthesizing 

literature, building 

and testing models, 

writing papers and 

proposals—builds 

skills." 

Furtak, E. M., 

Seidel, T., 

Iverson, H., 

and Briggs, D. 

C. (2012)  

This 

metaanalysis 

introduces a 

framework for 

inquiry-based 

teaching that 

distinguishes 

between 

cognitive 

features of the 

activity and 

degree of 

guidance given 

to students. 

37 

experimental 

and quasi-

experimental 

studies from 

1996 to 2006 

meta-analysis "The purpose of this 

review was to 

compare and contrast 

the effects that have 

been release of the 

National Science 

Education Standards 

(NRC, 1996) The 37 

studies that met our 

inclusion criteria had 

a mean effect size of 

.50." 
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(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

DeBoer, G. E. 

(2000)  

To define 

scientific 

literacy 

broadly so that 

districts as 

well as 

classroom 

teachings can 

pursue goals 

and their 

associated 

content and 

methodology 

that are 

relevant to 

their particular 

situation. 

na historical analysis "1. Teaching and 

learning as a cultural 

force in the modern 

world. 2. Preparation 

for the world of work. 

3. Teaching and 

Learning science that 

has direct application 

to everyday living. 4. 

Teaching students to 

be informed citizens. 

5. Learning about 

science as a particular 

way of examining the 

natural world. 6. 

Understanding reports 

and discussion of 

science that appear in 

the popular media. 7. 

Learning about 

science for its 

aesthetic appeal. 8. 

Preparing citizens 

who are sympathetic 

to science. 9. 

Understanding the 

nature and importance 

of technology and the 

relationship between 

technology and 

science." 

Chan, K., 

Cheung, G., 

Brown, I., and 

Luk, G. (2015, 

June)  

To understand 

how active and 

blended 

learning 

approaches 

with learning 

technologies 

engagement in 

undergraduate 

education. 

A total of 1623 

undergraduate 

students from 

39 courses at a 

4-year 

university 

participated in 

this study.  

quantitative, online 

survey with 5 point 

likert-type and non-

likert type 

questions, 

questionnaire, and 

an additional survey 

"In understanding 

how active and 

blended learning 

approaches with 

learning technologies 

engagement in 

undergraduate 

education, current 

research models tend 

to undermine the 

effect of learners’ 

variations. 
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(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Brady, M., 

Seli, H., and 

Rosenthal, J. 

(2013)  

to establish 

how clickers 

influence 

metacognition 

and whether 

differences 

exist in how 

each response 

system 

influences 

metacognition. 

The 

participants (n 

= 198) are 

from a public 

university in 

the 

southwestern 

United States. 

All of the 

exam 

responses were 

used to assess 

for student 

recall.  

qualitative data 

collected includes 

an open-ended 

survey administer to 

all study 

participants (n = 

198), informal 

observations, and 

interviews 

conducted using 

purposeful 

sampling. 

"Clickers result in 

positive feelings and 

reduction of the 

conformity effect. In 

addition to 

significantly higher 

performance 

outcomes, findings 

indicate polling 

systems result in 

different qualities of 

metacognition, 

meaning either more 

or less productive, 

and either self-

reflective or group 

reflective. These 

differences contribute 

to the degree to which 

the environment is 

learner centered." 

Vaterlaus, J. 

M., Beckert, 

T. E., Fauth, 

E. B., and 

Teemant, B. 

(2012)  

To identify 

differences in 

student recall 

using different 

recall 

methods. 

The 

participants (n 

= 287) in this 

study consisted 

of students in a 

public 

university in 

the 

southwestern 

United States.  

The quantitative 

study used a survey 

administered via a 

PowerPoint slide 

and the participants 

responded using 

their clickers. The 

choice was from A 

(Strongly agree) to 

D (strongly 

disagree).  

"The study identified 

significant differences 

in student recall 

(scores on exam 

items) using three 

different review 

methods for the 

material. The use of 

PowerPoint slides 

resulted in 

significantly better 

test results when 

compared to verbal 

review alone, and 

clicker technology 

resulted in 

significantly more 

correct responses than 

the PowerPoint slide 

review (on the 

third exam). 
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(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

McLaughlin, 

J. E., Roth, M. 

T., Glatt, D. 

M., 

Gharkholonar

ehe, N., 

Davidson, C.  

A., Griffin, L. 

M., Esserman, 

D.A., and 

Mumper, R. J. 

(2014)  

To redesign 

the Basic 

Pharmaceutics 

II course and 

outline the 

research they 

conducted to 

investigate 

the resulting 

outcomes. 

In 2012, 150 of 

the 162 

students 

completed the 

pre- and post 

course 

surveys. 

 (n = 150) 

we offloaded all in 

class lectures to 

self-paced online 

videos and filled the 

scheduled class time 

with four active 

learning exercises. 

Assessment in the 

flipped classroom 

included a rich 

mixture of 

instruments 

designed to 

encompass more 

critical thinking and 

problem-solving 

exercises. 

Students from the 

flipped classroom 

were more likely than 

students from the 

traditional classroom 

to agree that active 

student engagement 

was consistently 

encouraged by the 

instructor (P < .001)  

Attendance was 

higher in the flipped 

classroom (P = .03), 

and an independent t 

test showed a 

statistically 

significant difference 

(P = .001) between 

final exam grades (out 

of 200 points) in 2012 

(165.48 ± 13.34) 

compared with those 

in 2011 (160.06 ± 

14.65)." 

Gutierez, S. B. 

(2015) 

To identify 

three 

challenges in 

implementing 

inquiry-based 

teaching in 

elementary 

school science 

education in 

the 

Philippines. 

The 

participants (n 

= 6) of this 

study were 

obtained from 

a group of 30 

elementary 

school science 

teachers, from 

a public 

school, who 

participated in 

a professional 

development 

program.  

A qualitative study. 

a five day, 40-hour 

PD seminar; 

qualitative case 

study, included a 

formal interview. -

data were coded and 

themes emerged. 

Three barriers to 

inquiry teaching 

identified by teachers, 

including: 1) the lack 

of support, training 

and available inquiry-

based materials; 2) 

the overemphasis on 

assessing content 

learning rather than 

learning through 

inquiry; and 3) the 

misconception, 

difficulty, and time 

consuming nature of 

inquiry-based 

teaching. 
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(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Mumba, F., 

Banda, A., 

Chabalengula, 

V. M., and 

Dolenc, N. 

(2015)  

To establish 

chemistry 

teachers’ 

knowledge of 

inclusive 

teaching. 

Participants in 

this study are 

(n = 61) 

chemistry 

teachers in 

different 

school districts 

across the 

United States. 

They were in 

an online 

graduate 

chemistry 

education 

courses in 

spring 2013, 

and fall 2013, 

at a research 

university 

located in the 

Midwest of the 

United States.  

Qualitative study. A 

four-part 

questionnaire was 

used. A two-step 

process of data 

collection was 

conducted in order 

for teachers to list 

their own 

perceptions of 

benefits and 

challenges of 

inquiry in a 

chemistry inclusive 

classroom (in 

section 2) before 

seeing our 

suggested Likert-

scale statements on 

benefits and 

challenges of 

inquiry in inclusive 

classroom (in third 

and fourth sections). 

"Most teachers 

strongly agreed or 

agreed with the 

statements on the 

benefits of inquiry to 

students in inclusive 

chemistry classes. All 

teachers (100%) 

agreed that inquiry is 

useful to students of 

certain abilities; 

Inquiry motivates 

students to learn 

(85.7%); provides 

variety of activities 

(100%); and enhances 

their confidence 

(85.7%) 

Hayward, C., 

and Laursen, 

S. (2014)  

To evaluate 

how Inquiry-

based learning 

methods 

workshop 

supported the 

idea of 

preconceived 

ideas of 

inquiry being 

time 

consuming yet 

motivating and 

worthwhile. 

Participants (n 

= 167) at the 

workshop.  

Data was collect 

using pre- and post-

surveys, and one-

year follow-up 

surveys. Using 

anonymous 

identifiers to match 

individuals’ surveys 

from different 

times, we were able 

to successfully 

match post-

workshop surveys 

and follow-up 

surveys to the pre-

workshop surveys.  

Results: 

• Instructors lecturing 

• Instructors solving 

problems at the board 

Participants also 

indicated increased 

frequencies of: 

• Student-‐ led whole 

class discussions 

• Students discussing 

in small groups 

• Students presenting 

problems or proofs. 
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(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Edwards, A. 

(2016)  

To determine 

if inquiry-

oriented 

learning 

philosophy has 

been applied 

to a practical 

session to 

transform a 

teacher-led 

dissection into 

a student-led 

experience. 

n = 81. 

Participants in 

a 2014 zoology 

class at 

University of 

Tasmania.  

n = 81 Pre-

implementation 

survey. Students 

given overarching 

question and a 

specimen but no 

instruction or 

diagrams. Worked 

in small groups. 

Had a discussion on 

how to proceed. 

After discussion, 

brought back idea to 

whole group. After 

subsequent 

modification, 

activity was 

performed. End of 

activity anonymous, 

voluntary likert-like 

survey was given on 

perception, 

motivation and 

engagement. In 

addition, there was 

a section for open 

comment 

"The data showed as 

follows: 70% agreed 

that they would like 

more practical 

designed this way. 

79.4% enjoyed the 

freedom to explore 

and 67.1% responded 

positively about the 

idea that there was no 

right or wrong 

approach, 80.8% 

enjoyed the 

challenges that came 

with the freedom to 

explore, 74.5% 

reported being more 

engaged than usual 

,63% felt it was easier 

than normal to stay 

focused, 64% didn’t 

skip over the difficult 

parts, and 64% were 

happy to be 

challenged.  61.6% 

made better links 

between the hands-on 

experience and 

existing theoretical 

knowledge  

Songer, N. B., 

Lee, H. S., 

and Kam, R. 

(2001)  

To examine 

patterns that 

were present 

across 

classroom 

learning 

environments, 

actual 

curricular 

enactment and 

student 

learning. 

n = 6. Detroit 

schools.  

the primary data 

sources for this 

study were written 

pre and post content 

assessments, class 

observation forms, 

and teacher post 

interviews. Mixed 

methods study. 

• Inadequate space, 

equipment and 

materials  

• Inadequate prep 

time, 

• Low levels of 

science content or 

computer knowledge 

and training 

• Large class sizes  

• High amounts of 

teacher and student 

mobility  
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(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Lindskoog, G. 

O. (2014)  

To examine 

elementary 

science 

teachers’ 

perceptions of 

HSTA prior to 

an intervention 

and if 

participation in 

the 

intervention 

changed their 

perceptions.  

A large, urban 

school district 

in the 

Southeast 

United States 

during three 

consecutive 

school years. 

An invitation 

was sent and 

all 64 schools 

agreed to 

participate. As 

a school-wide 

initiative, all 

fifth grade 

teachers from 

these 64 

schools agreed 

to participate. 

n = 358.  

Quantitative study. 

Teachers completed 

questionnaire and 

background forms. 

Data were analyzed 

using longitudinal 

multilevel modeling 

and interpreted 

using social 

cognitive theory to 

more completely 

understand the 

complexities of 

human functioning 

and explain its 

causality. 

Results showed 

negative perceptions 

of HSTA and no 

impact of HSTA 

compared to control 

teachers during the 

three year 

intervention. Themes 

in the literature that 

teachers perceive 

standards positively, 

HSTA negatively, and 

the impact of HSTA 

on teaching practices 

negatively were 

supported by results 

in this study. 

Teachers’ perceptions 

of HSTA at baseline 

were overall 

consistent across 

teacher professional 

variables and school 

contextual factors 

tested.  

Nie, Y., and 

Lau, S. (2010) 

D 

To examine 

how 

constructivist 

and didactic 

instruction was 

related to 

students’ 

cognitive, 

motivational, 

and 

achievement 

outcomes in 

English 

classrooms. 

A sample of (n 

= 3000) Grade 

9 students 

from 108 

classrooms in 

39 secondary 

schools in 

Singapore.  

This mixed method 

study used two pilot 

activities, one pre-

interview, an online 

questionnaire, and a 

questionnaire in 

which 1/2 of the 

class speaks about 

their instructors 

motivation and 

English 

performance and the 

other 1/2 evaluates 

their own 

motivation and 

English proficiency.  

"Results of 

hierarchical linear 

modeling showed 

differential cross-

level relations.  High-

stakes assessments 

have strongly 

influenced the enacted 

curriculum as teachers 

are under great 

pressure to ensure that 

curriculum contents 

are thoroughly 

covered and that their 

students are well 

prepared for these 

assessments.  
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(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Morrison, C. 

D. (2014)  

To examine 

the 

concomitant 

shift in the role 

of students, as 

they leave the 

world of 

passive 

recipients and 

join the ranks 

of active 

participants in 

the teaching-

learning 

nexus. 

NA argument "This paper discusses 

the problematic 

conflation of the 

terms ‘information’ 

and ‘knowledge’ that 

surfaces in 

consideration of the 

shifting roles of 

teachers and students, 

and argues that, in 

addition to defining 

information and 

knowledge precisely, 

we must consider the 

significance of the 

processes that 

transform the former 

into the latter." 

Ross, P. M. 

(2016)  

To tell the 

story of the re-

design of 

undergraduate 

science 

curricula, 

specifically the 

Bachelor of 

Science and 

Bachelor of 

Medical 

Science, at a 

large 

metropolitan 

university, 

using 

“research-led 

inquiry” as a 

unifying 

pedagogy 

NA A descriptive piece 

on how a large 

metropolitan 

university shifted 

from cookbook 

laboratory activities 

to inquiry activities. 

A story of a 

successful five year 

curricular and 

pedagogical change 

process complete with 

problems (academic 

discomfort with open 

ended instruction, 

curriculum review , 

shifting priorities of 

university. 
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(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Capps, D. K., 

and Crawford, 

B. A. (2013)  

To investigate 

the views and 

actual 

practices 

related to 

inquiry and 

NOS of a 

group of 

highly 

motivated and 

well-qualified 

teachers from 

classrooms 

across the 

United States. 

Specifically, 

we asked: 

1. What was 

the nature of 

teachers’ 

instruction? 

2. What were 

these teachers’ 

views of 

inquiry and 

NOS? 

3. What was 

the 

relationship 

between 

teachers’ 

views of 

inquiry and 

NOS and their 

teaching 

practice? 

Teachers (n = 

30) were 

selected to 

participate 

from an 

applicant pool 

of more than 

120, 5th- 

through 9th-

grade teachers. 

Selection 

criteria 

included the 

following: 

quantity of 

college science 

courses taken, 

science 

research 

experience, 

teaching 

experience 

(years), 

quantity of 

science PD, 

what they 

hoped to gain, 

willingness to 

participate in 

the project, and 

evidence of a 

supportive 

school 

administration.  

A mixed-methods 

approach was used 

to analyze lesson 

descriptions, 

classroom 

observations, 

videotape data, 

questionnaires, and 

interviews to assess 

teaching practice 

and views of inquiry 

and NOS of these 

teachers. We used 

information from 

written descriptions 

of lessons, 

classroom 

observations 

and/or videotape 

data, and semi-

structured 

interviews to 

characterize 

teachers’ 

instructional 

practice. 

"This study shows 

that relatively few 

teachers, from a group 

of highly motivated 

teachers, were 

actually teaching 

science as inquiry or 

about NOS. Although 

researchers have 

anecdotally reported 

on the lack of inquiry-

based teaching, and 

there is some 

information from 

surveys given to 

teachers on this 

matter, we believe 

this study is one of 

few providing actual 

classroom-based 

evidence for this 

claim. It was 

particularly troubling 

that many of the 

teachers in this study 

believed they were 

teaching science as 

inquiry even when 

they were not.  
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Citation Purpose Sample Method Findings/ Outcome 

Freeman, S., 

Eddy, S. L., 

McDonough, 

M., Smith, M. 

K., Okoroafor, 

N., Jordt, H., 

and 

Wenderoth, 

M. P. (2014)  

To determine 

if lecturing 

maximizes 

learning and 

course 

performance, 

when 

compared to 

active 

learning. 

225 studies  metaanalysis of 225 

studies that reported 

data on examination 

scores or failure 

rates when 

comparing student 

performance in 

undergraduate 

science, technology, 

engineering, 

and mathematics 

(STEM) courses 

under traditional 

lecturing 

versus active 

learning. 

"The data reported 

here indicate that 

active learning 

increases 

examination 

performance by just 

under half a SD and 

that lecturing 

increases failure rates 

by 55%. The 

heterogeneity 

analyses indicate that 

(I) these increases in 

achievement hold 

across all of the 

STEM disciplines and 

occur in all class 

sizes, course types, 

and course levels; and 

(ii) active learning is 

particularly beneficial 

in small classes and at 

increasing 

performance on 

concept inventories. 

The weighted, grand 

mean effect size of 

0.47 reported here is 

almost identical to the 

weighted, grand-mean 

effect sizes of 0.50 

and 0.51 published in 

earlier metaanalysis 

of how alternatives 

to traditional lecturing 

impact undergraduate 

course performance in 

subsets of STEM 

disciplines (11, 12). 
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(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Carbonneau, 

K. J., Marley, 

S. C., and 

Selig, J. P. 

(2013)  

to examine the 

empirical 

evidence 

regarding the 

use of 

manipulatives 

during 

mathematics 

instruction a 

systematic 

search of the 

literature. 

55 studies with 

a large number 

(n = 7237) of 

participants K-

12 

metaanalysis of 55 

studies that 

compared 

instruction with 

manipulatives to a 

control condition 

where math 

instruction was 

provided with 

only abstract math 

symbols.  

Statistically significant 

results were identified 

with small to moderate 

effect sizes, as measured 

by 

Cohen’s d, in favor of the 

use of manipulatives 

when compared with 

instruction that only used 

abstract 

math symbols.  The 

relationship between 

teaching mathematics 

with concrete 

manipulatives and 

student learning was 

moderated by 

instructional and 

methodological 

characteristics of the 

studies. 

Lombardi, S. 

A., Hicks, R. 

E., Thompson, 

K. V., and 

Marbach-Ad, 

G. (2014)  

To investigate 

the impact of 

three 

commonly 

used 

cardiovascular 

model-assisted 

activities on 

student 

learning and 

student 

attitudes and 

perspectives 

about science. 

Twenty-nine 

students 

participated in 

the 

supplemental 

activity and 

completed the 

initial exam (. 

Sample sizes 

for each 

treatment 

group were 13 

for organ 

dissection, 8 

for virtual 

dissection, and 

8 for the 

plastic model. 

n = 26 

Human Anatomy 

and Physiology 

course were 

randomly assigned 

to one of three 

experimental 

groups (organ 

dissections, virtual 

dissections, or 

plastic models). 

Each group 

received a 15-min 

lecture followed 

by a 45-min 

activity with one 

of the treatments.  

after the lesson 

and then 2 mo. 

later, students 

were tested and 

completed an 

attitude survey. 

Students who used 

plastic models 

achieved significantly 

higher overall scores 

on both the initial and 

follow-up exams than 

students who 

performed organ / 

virtual dissections. 

Students who dissected 

organs were more 

likely than other 

treatment groups to 

agree that “science is 

fun,” suggesting that 

organ dissections may 

promote positive 

science attitudes. 
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Citation Purpose Sample Method Findings/ Outcome 

Varelas, M., 

Pieper, L., 

Arsenault, A., 

Pappas, C. C., 

and 

Keblaweu-

Shamah, N. 

(2014)  

To examine 

opportunities 

for reasoning 

and meaning 

making that 

read-alouds of 

children’s 

literature 

science 

information 

books and 

related hands-

on 

explorations 

offered to 

young Latina/o 

students in an 

urban public 

school. 

The 

participants in 

the present 

study include 

the teacher and 

co-author, 

Neveen 

Keblawe- 

Shamah, and 

her 28 students 

in a 3rd grade 

class. Neveen 

is of 

Palestinian 

descent and 

had 6 years of 

teaching 

experience at 

the time of 

data collection. 

The students 

(14 girls and 

14 boys) were 

all Latina/o, 

except one, 

Veronica, and 

all Latina/o 

students were 

of Mexican 

descent. The 

language of 

instruction was 

English. 

Using a qualitative, 

interpretative 

framework, we 

analyzed classroom 

discourse and 

children’s writing 

and drawing in a 

3rd grade class 

during five 

instructional days 

that focused 

on the same science 

topic (earthworms 

and their features, 

behaviors, habitat, 

etc.) and included 

read-aloud 

sessions of print and 

digital books on 

earthworms along 

with observations 

and experiments 

with real 

earthworms. 

"The study findings 

highlight the 

synergistic  

relationship between 

informational texts 

and hands-on 

explorations and point 

to the significance 

and 

usefulness of 

incorporating both in 

science instruction so 

that we maximize the 

richness of children’s 

learning 

experiences by 

offering them 

multiple access points 

and pathways via the 

assets they bring to 

the classroom 

and the ones they co-

construct with their 

teacher and peers." 

English, M. 

C., and 

Kitsantas, A. 

(2013) 

To describe 

learning 

environment 

features and 

teaching 

practices foster 

student 

responsibility 

for learning 

with PBL. 

NA NA The three main 

phases are:  

1) project/problem 

launch- students gain 

an understanding of 

the driving question, 

 2) guided inquiry and 

product/solution 

creation, and 

3) project/problem 

conclusion. 
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Ginorio, A. 

B., Fournier, 

J., and 

Frevert, K. 

(2004) 

To foster an 

interest in 

science among 

high school  

girls who were 

of Latina/ 

native 

American who 

were the 

invisible 

middle, little 

to no science 

interest, 

average 

performers in 

rural areas. 

n = 73, 16 

schools. girls 

that attended a 

2 week 

residential 

camp at 

University of 

Washington 

for students, 

science teacher 

and principal; 

a yearlong 

school based 

community 

focused 

collaborative 

research 

project, and a 

statewide 

capstone event 

with speakers, 

posters, and 

workshops.  

Subjects attended a 

2 week residential 

camp at University 

of Washington for 

students; a yearlong 

school based 

community focused 

collaborative 

research project, 

and a statewide 

capstone event with 

speakers, posters, 

and workshops. 

Projects took place 

after school, grad 

students acted as 

mentions. Follow 

up six years later 

showed that 

research projects 

enabled girls to 

envision themselves 

as scientists. 

"five keys to success 

were research 

connected directly to 

student interest and 

understanding of 

communities, engaged 

them in the scientific 

process, tapped into 

expert advice, 

involved non-

competitive 

collaboration, and it 

received support of 

teachers, admin, 

community members, 

and families." 

Karaçalli, S., 

and Korur, F. 

(2014)  

To analyze the 

effects of 

project-based 

learning on 

students’ 

academic 

achievement, 

attitude, 

143 fourth 

grade students, 

from Antalya, 

Turkey. The 

sample 

included 70 

students (49%) 

in the control 

group and 73 

students (51%) 

in the 

experimental 

group  so the 

distribution of 

students in the 

groups was 

almost the 

same 

The study was 

conducted in a 

quasi-experimental 

design as a “pre-

test, post-test with 

control group.” In 

the experimental 

group, project-based 

learning method 

was used.  

The findings 

indicated that 

students learn to 

construct their own 

learning and to 

evaluate changes in 

their own behavior 

through application 

of the method. 

The application of 

different methods 

between both groups 

had a statistically 

significant effect in 

terms of academic 

achievement, 

(F(1,112) = 46.78, p = 

.000) and of retention 

of knowledge 

(F(1,112) = 35.24, p = 

.000).  
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Pintrich, P. 

R. (2003)  

To provide an 

overview of 

current 

motivational 

research in 

learning and 

teaching and 

empirically 

supported 

knowledge 

claims about 

student 

motivation as 

well as central 

questions and 

directions for 

future 

research. 

Research 

article 

Seven substantive 

questions are then 

suggested and they 

are: (1) What do 

students want? (2) 

What motivates 

students in 

classrooms? (3) How 

do students get what 

they want? (4) Do 

students know what 

motivates them? (5) 

How does motivation 

lead to cognition and 

motivation? (6) How 

does motivation 

change and develop? 

and (7) What is the 

role of context and 

culture? 

"Motivational science 

will be able to advance 

as we continue to 

make progress in 

answering the seven 

substantive questions 

outlined 

here. As we better 

understand these 

questions and issues, we 

certainly will improve 

our understanding of 

student motivation, 

serving the basic goal of 

scientific understanding 

in motivational 

science a la Bohr." 

Kane, M. C. 

(2015)  

To determine 

the impact of 

Student 

Success Skills 

classroom 

guidance 

lessons on the 

Academic 

Behaviors and 

Key Learning 

Skills and 

Techniques 

associated 

with college-

career 

readiness 

(CCR) 

indicators for 

Grade 5 

students 

224 students, 

128 attended 

a school that 

was assigned 

to the 

treatment 

condition 

and 96 

attended a 

school that 

was assigned 

to the 

comparison 

condition.  

The study applied a 

quasi-experimental 

pre/post1/post2 

design utilizing 

student self-report 

instruments ANOVA 

and ANCOVA 

analyses were 

conducted. 

Significant pretest 

treatment effects 

were found at the 

school level for the 

SESSS (p < .000), 

MSLQ Self-Efficacy 

for Learning and 

Performance 

scale (p < .000), and 

MSLQ Control of 

Learning Beliefs 

scale (p < .004). 

"Subsequently, there 

were three underlying 

themes throughout: (1) 

What are the 

knowledge, skills, and 

attitudes of CCR and 

how are they 

represented in upper 

elementary school-aged 

students? (2) What is 

the role of the 

elementary school 

counselor 

in developing the CCR 

of students? (3) What 

evidence-based 

interventions are 

available 

to school counselors as 

a means for developing 

CCR in their students? 
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Haraldseid, 

C., Friberg, 

F., and Aase, 

K. (2015) 

To explore 

students' 

perceptions of 

their learning 

environment in 

a clinical skills 

laboratory, and 

to increase the 

knowledge 

base for 

improving 

CSL learning 

conditions 

identifying the 

most important 

environmental 

factors 

according to 

the students. 

Nineteen 

second-year 

students 

enrolled in 

an 

undergraduat

e nursing 

program in 

Norway 

participated 

in the study. 

They took 

the same 

clinical skills 

course. Eight 

were part-

time students 

(group A) 

and 11 were 

full-time 

students 

(group B). 

An exploratory 

qualitative 

methodology was 

used on Focus group 

interviews and 

content analysis was 

conducted to capture 

the students' 

perception 

of the CSL learning 

environment. 

Creating an authentic 

environment, 

facilitating motivation, 

and providing resources 

for multiple 

methods and repetitions 

within clinical skills 

training is all important 

for improving CSL 

learning environments 

from the student 

perspective." 

Ding, L. 

(2014) 

To test the 

causal 

influences of 

reasoning 

skills and 

epistemologies 

on student 

conceptual 

learning in 

physics. 

This study 

was 

conducted 

with 167 

first-year 

college 

students 

taking a 

calculus-

based 

mechanics 

course in 

East China. 

All students 

were taking 

physics as a 

mandatory 

course to 

fulfill degree 

requirements

. n = 167 

The researchers 

administered three 

published 

instruments 

to measure, 

respectively, student 

reasoning skills, 

epistemological 

views, and learning 

gains on Newtonian 

concepts. Students 

attended three hour-

long lectures,  a one-

hour recitation every 

week, and a 2-hour 

lab each week, 

conducting mostly 

cookbook like lab 

activities. 

Two factors influence 

students conceptual 

learning as measured by 

the FCI, scientific 

reasoning skills and 

student pre-instructional 

views about the nature 

of physics and learning 

physics. These two 

factors represent two 

important but different 

domains of learning 

sciences: logical 

thinking and 

epistemological stance. 

The former, in a broader 

context, is 

linked to cognitive and 

inquiry skills that may 

span beyond 

science content." 
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Hong, J. C., 

Hwang, M. 

Y., Liu, M. 

C., Ho, H. 

Y., and 

Chen, Y. L. 

(2014)  

To develop a 

“prediction–

observation–

explanation” 

(POE) inquiry-

based learning 

mode to teach 

science 

concepts using 

the iPad2. 

A total of 96 

questionnaire

s were 

returned, 81 

of which 

replied all 

items 

completely. 

Approximate

ly 66.7% of 

the 

participants 

had prior 

experience 

using digital 

learning 

software 

from iPad2 

applications, 

while 55.6% 

had no prior 

experience. 

Research participants 

were directed to visit 

the POE platform on 

iPad2 for 15 min 

once per week, for a 

total of 8 times over 

two months in an 

elementary school 

computer lab. 

Students were 

permitted to pursue 

the scientific topic of 

their choice, but they 

were not allowed to 

discuss their work or 

collaborate with their 

classmates. In order 

to prevent discussion 

of answers, students 

were given 

incentives to stay 

quiet during the 

experiment. At the 

end of the two-month 

period, they 

completed a 

questionnaire. 

The results of this study 

provided three 

theoretical 

contributions. (1) 

They showed that 

continuance intention 

using the iPad2 was 

derived from a mix of 

learning interest. (2) 

They emphasized the 

interrelatedness 

of learning interest and 

Internet cognitive 

failure. (3) They offered 

a more system-specific 

insight into the 

antecedents of Internet 

cognitive failure, 

specifically, the 

importance of the 

continuance intention of 

a new device for science 

learning.  

Concannon, 

J. P., Brown, 

P. L., and 

Brown, E. 

(2013)  

To study 

investigates 

prospective 

teachers’ 

conceptions of 

science 

theories before 

and after 

instruction.  

The sample 

consisted of 

35 

prospective  

elementary 

and middle 

school 

teachers at a 

small liberal 

arts 

institution 

enrolled in 

science  

methods 

courses. 

Prospective teachers 

completed a survey 

at the beginning of 

the course, and 

prospective were 

given as much time 

as they needed to 

finish (See Table 1). 

The prospective 

teachers did not 

discuss ideas/answers 

during  was 

administration.  

Students finished 

were given 15 

minutes to finish. 

"This study confirmed 

that students are leaving 

high school with 

misconceptions about 

the nature of scientific 

theories, and these 

misconceptions persist 

into their college years 

of education.  
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Barron, B., 

and Darling-

Hammond, 

L. (2008) 

To expand our 

knowledge of 

the benefits of 

inquiry-based 

learning, as 

well as to 

deepen our 

understanding 

of the 

components of 

an effective 

inquiry-based 

lesson or unit.  

meta-

analysis 

Research/ book Data showed that an 

inquiry-based, 

collaborative approach 

to learning benefits both 

individual and 

collective knowledge 

growth. Students 

develop content 

knowledge and learn 

increasingly important 

21st century skills, such 

as the ability to work in 

teams, solve complex 

problems, and to apply 

knowledge gained 

through one lesson or 

task to other 

circumstances.  The 

research also suggests 

that inquiry-based 

lessons and meaningful 

group work can be 

challenging to 

implement.  

Pandey, A., 

Nanda, G. 

K., and 

Ranjan, V. 

(2016)  

To investigate 

the 

effectiveness 

of Inquiry 

Training 

Model over 

conventional 

teaching 

method in 

teaching 

physical 

science at the 

secondary 

level of 

science 

students. 

The sample 

comprises 44 

girls and 56 

boys from a 

Secondary 

School 

Situated in 

Jamshedpur 

city of 

Jharkhand, 

India. Out of 

100, 50 are 

experimental 

group and 

remaining 50 

are control 

group. 

The researcher 

randomized groups 

and then subjects 

were assigned to the 

experimental and 

control group by 

random procedures 

and administered a 

pre-test T1 as a 

measure of the 

treatment to these 

groups for a 

stipulated time 

period. 

Data showed that  

teaching of physical 

science through Inquiry 

Training Model is more 

effective than the 

teaching through the 

Conventional Method at 

the secondary level. 

Additionally, the t value 

was found from Table 8 

to be 4.74 which was 

significant at 0.05 level 

and it indicates that the 

null-hypothesis is 

rejected i.e., there exists 

significant difference 

between experimental 

group students (Boys + 

Girls) and control group 

students (Boys +Girls). 
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Capps, D. K., 

and 

Crawford, B. 

A. (2013) 

To investigate 

the views and 

actual 

practices 

related to 

inquiry and 

NOS of a 

group of 

highly 

motivated and 

well-qualified 

teachers from 

classrooms 

across the 

United States.  

Teachers (n 

= 26) were 

selected to 

participate 

from an 

applicant 

pool 

of more than 

120, 5th- 

through 9th-

grade 

teachers.  

a mixed-methods 

approach was used to 

analyze lesson 

descriptions, 

classroom 

observations, 

videotape data, 

questionnaires, and 

interviews to assess 

teaching practice and 

views of inquiry and 

NOS of these 

teachers. We used 

information from 

written descriptions 

of lessons, classroom 

observations and/or 

videotape data, and 

semi-structured 

interviews to 

characterize teachers’ 

instructional practice. 

Data showed that 

few teachers of these 

highly motivated 

teachers were actually 

teaching science as 

inquiry.  We believe 

this study is one of few 

providing actual 

classroom-based 

evidence about this lack 

of inquiry-based 

teaching. Additionally, 

many of the teachers 

felt they were teaching 

science as inquiry even 

when they were not.  

Lack of adequate 

professional 

development is thought 

to be the cause. 

Wade, C., 

Benson, L., 

and Switzer, 

D. (2012, 

March)  

To focus of 

this research is 

the experience 

of secondary 

science 

teachers who 

advanced their 

understanding 

of inquiry-

based learning 

and instruction 

through a six-

week summer 

Research 

Experience for 

Teachers 

(RET) 

program. 

Twenty-eight 

teachers 

participated 

in the RET 

program over 

the course of 

three years at 

Clemson 

University, 

South 

Carolina. 

 

Participants were 

placed in polymer 

research labs where 

they worked with 

faculty and graduate 

students on research 

projects for six 

weeks during the 

summer. Participants 

developed lessons 

incorporating their 

research experiences 

with the standards to 

provide an authentic 

real-world learning 

opportunities for 

their students.  

Secondary science 

teachers developed a 

deeper understanding of 

inquiry-based learning 

through their research 

experience. The 

research projects 

provided connections 

between science 

standards and STEM 

topics while moving 

teachers out of their 

comfort zone. The 

teachers research 

projects reminded 

teachers of how 

students’ struggles with 

inquiry. 
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Lee, H. S., 

and Butler, 

N. (2003)  

To study dealt 

with designing 

effective 

inquiry tasks 

through 

transforming 

content, 

scientific 

thinking, and 

resources 

featured in 

scientists’ 

authentic 

practices. 

This study 

investigated 

how fifty-

nine inner-

city sixth 

grade 

students 

performed in 

real-time 

forecasting 

situations 

involving 

fronts and 

pressure 

systems. n = 

59 

Quantitative.  "Results show that the 

scientific complexity of 

forecasting situations 

influenced students’ 

explanations for their 

predictions as well as 

their forecasting 

accuracy. The study 

resulted in guidelines 

for developing science 

activities that utilize 

authentic contexts for 

student inquiry. 1. Real 

world situations must 

map closely to students’ 

content understandings 

and curricular activities.  

2. Authentic science 

tasks should be 

developed through the 

simultaneous 

transformation of 

content knowledge, 

scientific thinking and 

resources. 3. Students 

need specific guidance 

for the use of 

transformed products 

towards inquiry 

learning goals. 
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Chapman, A. 

(2013)  

To better 

understand 

how 

marginalized 

students were 

affected by 

their 

participation in 

an authentic 

science 

experience, 

within the 

context of an 

algae biofuel 

project. 

The study 

took place at 

an urban 

high school 

in the 

southeastern 

United 

States. 

Twelve 

students in 

an honors 

Marine 

Science class 

were 

participants 

in this study. 

8 male, 4 

female 

Mixed methods. 

Quantitative and 

qualitative data were 

collected from a 

science attitude 

survey, scientist 

perception 

instrument, and 

pre/post-assessments. 

Purely qualitative 

data were collected 

from interviews of 

students, teachers 

and engineering 

researchers, field 

notes, classroom 

observations, and 

journals from 

students. 

There was a significant 

decrease in the choice 

of the stereotypical 

White male scientist on 

the pre- and post-IAS 

after their participation 

in the algal biofuel 

project.  Students not 

only selected 

individuals of their own 

gender and ethnicity 

more often after 200 the 

project, but they also 

increased their selection 

of White female, 

African American male, 

and Eastern male.  

Hsu, P. L., 

Roth, W. M., 

and 

Mazumder, 

A. (2009)  

To examine 

how laboratory 

members 

without a 

pedagogical 

background or 

experience in 

teaching 

engage high 

school 

students 

during their 

internship 

activities 

13 high 

school 

students who 

participated, 

in groups of 

three or four 

individuals, 

in the 2-

month 

internship. 2 

males, 11 

females for 2 

month. n = 

13 

Ethnographic 

qualitative study. 

Pre/ post interviews. 

Videotape  

"We find that the 

participation trajectory 

was based on 

demonstration-practice-

connect (D-P-C) phases 

that continually 

recurred in the process 

of ‘‘doing’’ science. 

Concerning the 

transactional structures, 

we identify two basic 

conversation patterns—

Initiate-Clarify-Reply 

(I-C-R) and Initiate- 

Reply-Clarify-Reply (I-

R-C-R)—that do not 

only differ from the 

well-known Initiate-

Reply-Evaluate (I-R-E) 

patterns 

previously observed in 

science classrooms, but 

also could be combined 

to constitute more 

complex patterns.  
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Breslin, P., 

and 

Ambrose, R. 

(2013)  

To engage 

middle school 

students 

through peer-

to-peer talk is 

useful. 

qualitative 

ethnographic 

study. n = 1 

school this 

was 

manifested 

with students 

mocking one 

another, 

especially in 

regard to 

their 

ethnicities.  

qualitative 

ethnographic study 

The researcher 

concluded that through 

the Socratic Seminar 

her students began to 

respect one another 

more and made an 

important step toward 

acceptance 

Porter, L., 

Bailey Lee, 

C., Simon, 

B., and 

Zingaro, D. 

(2011, 

August) 

To determine 

if students 

really learn 

from peer 

discussion in 

computing? 

n = 96. 

Mixed 

methods. La 

Jolla, CA 

University of 

California. 

Two 

undergraduat

e classes. 

Isomorphic questions 

were tested in two 

classes under various 

administrative and 

experimental 

controls. In addition, 

students self-

reported their beliefs 

and experiences with 

PI through surveys. 

Our work reveals that 

using raw percentage 

gains between paired 

questions may not fully 

illuminate the value of 

peer discussion. 

Weighted Learning 

Gain better reflects the 

learning value of 

discussion. By applying 

this metric to both 

genetics and computing 

courses, we consistently 

find that 85-89% of 

"potential learners" 

benefit from peer 

discussion. 

Smith, M. 

K., Wood, 

W. B., 

Adams, W. 

K., Wieman, 

C., Knight, J. 

K., Guild, 

N.,  

and Su, T. T. 

(2009)  

To determine 

if peer 

discussion 

improves 

student 

performance 

on in-class 

concept 

questions 

In an 

undergraduat

e 

introductory 

genetics 

course for 

biology 

majors at the 

University of 

Colorado–

Boulder. (n = 

328) 

Biology majors at 

University of 

Colorado–Boulder.  

Students were given 

participation points 

for answering clicker 

questions.  Exam 

questions were 

similar to the clicker 

questions, so that 

students had an 

incentive to take 

clicker questions 

seriously.  

Our results indicate that 

peer discussion 

enhances 

understanding, even 

when none of the 

students in a discussion 

group originally knows 

the correct answer. 
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Wood, W. 

B., Smith, M. 

K., Krauter, 

K., and 

Knight, J. K. 

(2011)  

To determine 

if student 

performance 

increases with 

when peer 

discussion is 

immediately 

followed by 

instructor 

explanation. 

The data set 

included 

responses 

from 150 

students in 

the 

majors class 

and 62 

students in 

the non-

majors class. 

These 

students 

answered at 

least one 

complete set 

of questions 

in 

each of the 

different 

modes. (n = 

212) 

Students answered 

the first question of a 

pair (Q1) 

individually.  After a 

few minutes spent 

discussing their 

responses in small 

groups, they revoted 

on Q1. Students then 

answered a second 

question (Q2) 

individually, and 

only then were the 

answers and the 

histograms for both 

questions revealed 

and discussed. 

Tracking of student 

responses showed 

that students who 

changed their 

answers to after 

discussion performed 

on average better on 

than students who 

did not change their 

answers.  With more 

difficult questions, 

performance on both 

Q1 after discussion 

and Q2 increased 

markedly, even for 

groups in which no 

student initially 

answered Q1 

correctly, indicating 

that the process of 

discussion itself 

rather than the 

influence of 

knowledgeable 

peers could lead 

students to increased 

understanding. 

Data showed that 

students who changed 

their answers to Q1 

from incorrect to 

correct after discussion 

performed on average 

much better on Q2 than 

students who did not 

change their answers. 

Moreover, on the more 

difficult questions, 

performance on both 

Q1 after discussion and 

Q2 increased markedly, 

even for groups in 

which no student 

initially answered Q1 

correctly, indicating 

that the process of 

discussion itself rather 

than the influence of 

knowledgeable peers 

could lead students to 

increased 

understanding. In 

addition, grappling with 

a question in 

discussions with peers 

could enhance the 

learning value of a 

subsequent explanation 

by the instructor 

(Schwartz and 

Bransford, 1998).  
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Dewey, J. 

(1910)  

discussion of 

matter and 

method in 

science 

teaching 

na exposition Science teaching has 

suffered because 

science has been so 

frequently presented 

just as so much ready-

made knowledge, so 

much subject-matter of 

fact and law, rather than 

as the effective method 

of inquiry into any 

subject-matter (Dewey, 

1910, p.124). 

Krajcik, J., 

and Merritt, 

J. (2012) 

article on how 

the new K-12 

framework 

will engage 

Students in 

Scientific 

Practices 

na research Students will be 

engaged in what it 

means to do science 

because this is one 

major activity that 

drives scientific work 

and thinking. Next 

Generation Science 

Standards will present a 

more coherent view of 

science education that 

will engage students in 

the process of doing 

science.  

Linnansaari, 

J., Viljaranta, 

J., Lavonen, 

J., Schneider, 

B., and 

Salmela-Aro, 

K.  

(2015)  

the purpose of 

the study was 

to determine 

how does 

Finnish 

students’ 

engagement 

occur in exact 

and life 

science 

lessons? 

The study’s 

participants 

consisted of 

68 students 

from 9th 

grade and 67 

students from 

1st grade in 

upper 

secondary 

school that 

worked  co-

operated with 

the 

University of 

Helsinki. 

Smartphones 

equipped application 

and questionnaire 

aimed to measure 

students’ 

engagement.  The 

phones were 

programmed to emit 

a signal during every 

science lesson and 

otherwise randomly 

throughout the day 

questionnaire 

appeared 8 times per 

day.  A signal was 

sent that allowed 15 

minutes to answer 

the questionnaire.  

The results reveal that 

situation and grade had 

significant effects on 

students’ pre conditions 

of engagement and 

actual engagement. In 

addition, results show 

that girls had the 

highest interest in life 

science lessons and 

boys in exact science 

lessons. 
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Sun, J. C. Y., 

and Rueda, 

R. (2012)  

The purpose of 

this study 

investigates 

possible 

relationships 

among 

motivational 

and learning 

variables 

(interest, self-

efficacy and 

self-

regulation) and 

three types of 

student 

engagement 

(behavioral 

engagement, 

emotional 

engagement 

and cognitive 

engagement) 

in a distance 

education 

setting. 

Participants 

were 203 

students 

enrolled in 

online classes 

in the fall 

semester of 

2008 in the 

Schools of 

Gerontology 

and 

Engineering 

at a large 

research 

university in 

the 

southwestern 

USA. 67 

females, 135 

males. n = 

203 

Quantitative. An 

online survey 

assessing their levels 

of situational 

interest, computer 

self-efficacy, self-

regulation and 

engagement in 

distance education. 

Results suggested that 

online activities and 

tools such as 

multimedia and 

discussion boards may 

increase emotional 

engagement in online 

learning, although they 

do not necessarily 

increase behavioral or 

cognitive engagement, 

that educators should 

identify students who 

are taking online 

courses for the first 

time and provide 

necessary technical help 

to increase their 

emotional engagement, 

and that it is important 

for educators to offer 

students strategies for 

increasing their self-

regulation in distance 

education 

environments. 

Situational interest and 

self-regulation were 

found to be 

significantly correlated 

with three types of 

engagement 

(behavioral, emotional 

and cognitive),while 

computer self-efficacy 

did not appear to be 

associated with any of 

those engagement 

variables. 
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Workosky, 

C., and 

Willard, T. 

(2015)  

This article 

answers 

some of the 

most common 

questions 

about the 

architecture 

of the NGSS, 

from 

deciphering 

the codes to 

understanding 

the boxes. 

na na 1. A code and title that 

describe the content of 

the standard. 2. A 

varying number of 

performance 

expectations that 

describe what students 

should be able to know 

and do at the end of 

instruction. 3. A 

foundation box 

provides a more 

complete description of 

the performance 

expectations. It 

describes the science 

and engineering 

practices, disciplinary 

core ideas, and 

crosscutting concepts 

used to make up a 

particular set of 

performance 

expectations. 4. A 

connection box that 

includes connections to 

the standard from other 

disciplinary core ideas 

at the grade 

level and across grade 

levels and to the 

Common Core State 

Standards (CCSS)  

National 

Science 

Teachers 

Association. 

(2013)  

position 

statement of 

NSTA on 

NGSS 

NA NA outline responsibilities 

of science coordinator 

in regard to NGSS 

ICEF. (2016) 

Job 

description: 

Language 

and literacy 

specialist  

literacy 

specialist job 

description 

NA NA outline responsibilities 

of literacy specialist/ 

coordinator in regard to 

CCSS and NGSS 
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Greenleaf, C. 

L., Litman, 

C., Hanson, 

T. L., Rosen, 

R., 

Boscardin, 

C. K., 

Herman, J., 

... and Jones, 

B. (2011)  

This study was 

designed to 

examine the 

effects of an 

instructional 

framework, 

Reading 

Apprenticeshi

p, and an 

accompanying 

professional 

development 

model on 

teachers’ 

ability to 

integrate 

disciplinary 

literacy 

practices into 

science 

teaching in 

high school 

biology 

classes, 

exploring the 

resulting 

changes in 

teacher 

knowledge and 

instructional 

practices and 

student 

achievement in 

science and 

reading. 

In total, 105 

biology 

teachers in 

83 schools 

were 

recruited, 

with 56 

teachers (43 

schools) 

assigned to 

the treatment 

group and 49 

teachers (40 

schools) 

assigned to 

the control 

group., 

students 1024 

from 42 

schools. This 

was a three-

year study. 

The intervention 

consisted of 10 days 

of professional 

development in 

Reading 

Apprenticeship, an 

instructional 

framework 

integrating 

metacognitive 

inquiry routines into 

subject- area 

instruction to make 

explicit the tacit 

reasoning processes, 

problem- solving 

strategies, and 

textual features that 

shape literacy 

practices in academic 

disciplines. The 

study utilized a 

group-randomized, 

experimental design 

and multiple 

measures of teacher 

implementation and 

student learning and 

targeted groups 

historically 

unrepresented in the 

sciences.  

Data showed that 

intervention teachers 

demonstrated increased 

support for science 

literacy learning and 

use of metacognitive 

inquiry routines, 

reading comprehension 

instruction, and 

collaborative learning 

structures compared to 

controls. Students in 

treatment classrooms 

performed better than 

controls on state 

standardized 

assessments in English 

language arts, reading 

comprehension, and 

biology. 

Pearson, P. 

D., Moje, E., 

and 

Greenleaf, C. 

(2010)  

To examine 

synergies 

between 

inquiry science 

and literacy 

teaching and 

learning of K-

12 curriculum. 

NA Guided inquiry 

through multiple 

literacies, in depth 

expanded application 

so of science, seeds 

of science-roots of 

reading, reading 

apprenticeship, and 

textual tools.  

Greater proficiency in 

science reading, 

writing, and inquiry for 

all students requires 

knowledgeable teachers 

who understand that 

literacy enhances 

science rather than 

replace it.  
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Cervetti, G. 

N., Barber, J., 

Dorph, R., 

Pearson, P. 

D., and 

Goldschmidt, 

P. G.  

(2012)  

This study 

investigates 

the efficacy of 

an integrated 

science and 

literacy 

approach at 

the upper-

elementary 

level. 

Teachers in 

94 fourth 

grade 

classrooms in 

one southern 

state 

participated. 

Half of the teachers 

taught the treatment 

unit, an integrated 

science–literacy unit 

on light and energy 

designed using a 

curriculum model 

that engages students 

in reading text, 

writing notes and 

reports, conducting 

firsthand 

investigations, and 

frequent discussion 

of key concepts and 

processes to acquire 

inquiry skills and 

knowledge about 

science concepts, 

while the other half 

of the teachers taught 

a content-

comparable science-

only unit on light and 

energy and provided 

their regular literacy 

instruction. 

Students in the 

treatment group made 

significantly greater 

gains on measures of 

science understanding, 

science vocabulary, and 

science writing. 

Students in both groups 

made comparable gains 

in science reading 

comprehension.  

Sadeh, I., and 

Zion, M. 

(2009)  

This study 

compared the 

influence of 

open versus 

guided inquiry 

learning 

approaches on 

dynamic 

inquiry 

performances 

among high-

school biology 

students. 

50 high-

school 

students were 

observed 

throughout 

their biology 

studies in 

preparation 

for 

matriculation 

exams, and 

studies 

during 11th 

and 12th 

grade. 

Students were 

divided into guided 

and open inquiry 

learning groups and 

followed for 2 years. 

The data sources 

included interviews, 

students’ papers, & 

reflective journals.  

The study’s results 

revealed that open 

inquiry students 

performed  significantly 

higher in changes 

during inquiry & 

procedural 

understanding. 
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Bybee, R. 

W., Taylor, J. 

A., Gardner, 

A., Van 

Scotter, P., 

Powell, J. C., 

Westbrook, 

A., and 

Landes, N. 

(2006)  

This report 

summarizes 

recent research 

on the 

sequencing of 

science 

instruction, 

including 

laboratory 

experiences, in 

order to 

facilitate 

student 

learning. 

Specifically, 

the report 

provides a 

rationale and 

empirical 

support for the 

BSCS 5E 

Instructional 

Model. 

NA NA This report summarizes 

recent research on the 

sequencing of science 

instruction, including 

laboratory experiences, 

in order to facilitate 

student learning. 

Specifically, the report 

provides a rationale and 

empirical support for 

the BSCS 5E 

Instructional Model. 

Bybee, 

Rodger W. 

(2009)  

Introduces the 

BSCS 5E 

instructional 

model and 

continues with 

sections 

summarizing 

research 

supporting the 

model.  

NA NA This report introduces 

the BSCS 5E 

instructional model and 

summarizes research 

supporting the model. 

In addition, it includes 

implications for use of 

an instructional model 

for the development of 

21st century skills in 

science education 

curriculum and 

instructional practices. 

Bybee, R. 

(2014)  

reflect on the 

instructional 

model and 

describe the 

implications, 

particularly in 

the era of 

NGSS. 

NA NA This reflection exposed 

on 5E instructional 

model and describe 

some contemporary 

implications, 

particularly in the era of 

NGSS. 
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Buckley, B. 

C., Gobert, J. 

D., Kindfield, 

A. C., 

Horwitz, P., 

Tinker, R. F.,  

Gerlits, B., 

Wilenski, U., 

Dede, C., and 

Willett, J. 

(2004)  

Paper 

describes part 

of a project 

called 

Modeling 

Across the 

Curriculum 

that is a large-

scale research 

study in 15 

schools across 

the United 

States. 

Data were 

collected in 

multiple 

classes from 

one middle 

school and 

eight high 

schools. An 

intensive 3-

day field test 

involving 24 

middle school 

students 

served to 

refine methods 

and create 

narrative 

profiles of 

students’ 

learning 

experiences, 

outcomes, and 

interactions 

with 

BioLogica. 

All students took a 

genetics content 

knowledge pre- and 

posttests. Traces of 

students’ actions and 

responses to 

computer-based 

tasks were 

electronically 

collected and 

systematically 

analyzed. An 

intensive 3-day field 

test involving 24 

middle school 

students served to 

refine methods and 

create narrative 

profiles of students’ 

learning experiences, 

outcomes, and 

interactions with 

BioLogica. 

The tenets of model-

based learning 

are based on the 

presupposition that 

understanding 

requires the 

construction of mental 

models of 

the phenomena under 

study, and that all 

subsequent 

problem-solving, 

inferencing, or 

reasoning are done 

by means of 

manipulating or 

“running” these mental 

models. 

Ogan-

Bekiroglu, F., 

and Eren 

Belek, D. 

(2014)  

The purpose of 

this study was 

to examine 

effects of 

model-based 

teaching on 

students’ 

argumentation 

skills. 

The 

participants 

consisted of 24 

pre-service 

physics 

teachers, 14 of 

whom were 

females. Their 

ages ranged 

from 20 to 22. 

True-experimental 

design using 

qualitative data was 

carried out for this 

study.  Control and 

experimental classes’ 

argumentations were 

compared to measure 

the impact of 

implementation of 

model-based 

teaching on 

argumentation. The 

experimental class 

was randomly 

selected by drawing 

lots. The study last 7 

weeks. 

Results show that 

construction of concrete 

models and using them 

in their discussions and 

explanations provide 

learners with more 

accurate, consistent, 

appropriate, and 

relevant arguments. In 

addition, models’ 

quality affects the 

number of claims, 

evidences and reasoning 

that are produced during 

argumentation. The 

closer learners’ models 

are to the real situations 

the better their 

arguments.  
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Louca, L. T., 

and Zacharia, 

Z. C. (2012)  

Our purpose in 

this paper was 

to review this 

research in 

order to 

systematize 

the knowledge 

accumulated 

and to provide 

an overview of 

what needs to 

be investigated 

further. We 

also took into 

account and 

describe the 

role of the 

teacher as part 

of the review.  

Meta-study Our review shows that 

MbL has made 

cognitive, 

metacognitive, social, 

material and 

epistemological 

contributions in science 

education. Furthermore, 

it reveals that important 

information is still 

missing in order to 

ensure effective 

implementations of 

MbL. 

Pearson, P. 

D., Moje, E., 

and 

Greenleaf, C. 

(2010)  

to examine 

synergies 

between 

inquiry science 

and literacy 

teaching and 

learning of K-

12 

(kindergarten 

through high 

school) 

curriculum. 

NA As a final point, we 

emphasize that all of 

our suggestions 

for moving ahead are 

really suggestions 

for making inquiry 

the common theme 

of reform. 

 

Moje and colleagues 

redesigned the initial 

secondary teacher 

education program at 

the University of 

Michigan to focus on 

building understanding 

of the disciplinary 

practices supported by 

reading, writing, and 

reasoning, rather than 

treating literacy 

methods as a separate 

subject.  

Klemmer, C. 

D., Waliczek, 

T. M., and 

Zajicek, J. M. 

(2005)  

To determine 

the effect of a 

school 

gardening 

program on 

the science 

achievement 

of elementary 

students 

n = 647. third, 

fourth, fifth 

grade from 7 

elementary 

schools in 

Temple, Texas 

Posttest only quasi-

experimental . a 

control N-193 had 

traditional 

instruction. n 454 

had Nadson 

gardening activities 

Students in the 

experimental group 

scored significantly 

higher than those in the 

control group.  
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Sivertsen, M. 

L., and Office 

of 

Educational 

Research and 

Improvement 

(ED), W. R. 

(ED), 

Washington, 

DC. Office of 

Research. 

(1993)  

U.S. 

Department of 

Education 

would like to 

share ideas 

drawn from 

research and 

promising 

practice in 

science 

education 

 

public message "Each of the following 

topics is examined 1) 

Science is for all 

students;(2) Setting 

science standards 

provides a valuable 

resource for improved 

instruction;(3) Students 

learn by "constructing" 

knowledge; (4) Hands-

on, inquiry-based 

instruction is well 

established as an 

effective teaching 

strategy;(5) 

Exploration, dialogue, 

and discourse promote 

understanding; 

(6)Instruction should 

focus on the essential 

key concepts or ideas of 

science in the overfull 

science curriculum and 

on teaching them more 

effectively;(7) The 

teacher's role is 

changing to :Facilitate 

student learning, while 

the student becomes a 

more active 

learner;(8)Appropriate 

staff development 

brings lasting 

improvements in 

science teaching;(9) 

Assessment must be 

more closely aligned 

with the goals of 

science instruction; and 

(10) Families and other 

concerned adults play 

important roles in 

promoting science 

education. 
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King, K., 

Shumow, L., 

and Lietz, S. 

(2001)  

Through a 

case study 

approach, 

urban 

elementary 

school (K-8) 

in a large 

Midwestern 

industrial city.  

Observations 

made from the 

perspective of 

a science 

education 

specialist, an 

educational 

psychologist, 

and an expert 

elementary 

teacher were 

triangulated to 

provide a set 

of perspectives 

from which 

elementary 

science 

instruction 

could be 

examined 

urban 

elementary 

school (K-8) 

in a large 

Midwestern 

industrial city. 

n = 4 

Through a case study 

approach,  

"Findings revealed that 

teachers were more 

poorly prepared than 

had been anticipated, 

both in terms of science 

content knowledge and 

instructional skills, but 

also with respect to the 

quality of classroom 

pedagogical and 

management skills. 

Particularly significant 

from a science 

education perspective 

was the inconsistency 

between how they 

perceived their teaching 

practice (a hands-on, 

inquiry-based approach) 

and the investigator-

observed expository 

nature of the lessons. 

Lessons were typically 

expository in nature, 

with little higher-level 

interaction of 

significance. 

Implications for 

practice and the 

associated needs for 

staff development 

among urban 

elementary teachers is 

discussed within the 

context of these 

findings.  



 278 

 

 

 

 

 

 

 

(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Milner, A. R., 

Sondergeld, 

T. A., Demir, 

A., Johnson, 

C. C., and 

Czerniak, C.  

M. (2012)  

The purpose of 

this study is to 

explore the 

dynamics that 

impact teacher 

practice in 

elementary 

science, 

including 

teacher beliefs, 

perceptions, 

and challenges 

pre- and post-

NCLB 

required state 

science 

testing. 

7500 randomly 

selected 

elementary 

school 

teachers. 44 

responded 

mixed. For this 

study, both 

quantitative and 

qualitative data were 

collected through a 

survey 

of practicing 

teachers’ beliefs 

about their 

elementary science 

teaching pre-required 

state science testing 

and post-required 

state science testing. 

Open-ended 

questions were 

included on the 

survey and analyzed 

qualitatively. A 

small sample of 

survey respondents 

were contacted for 

further phone 

interviews after the 

surveys were 

collected. 

"Through this study we 

found evidence that 

highlights a continued 

need to address 

teacher beliefs 

regarding the teaching 

of science. Teacher 

beliefs are often not the 

primary focus of 

professional 

development 

programs—which often 

target pedagogical 

content knowledge. 

Gess-Newsome (2003) 

argued that professional 

development programs 

have rarely resulted in 

change due to lack of 

focus on ‘‘fundamental 

and complex beliefs 

about what it means to 

teach science’’ (p. 10). 

In-service, as well as 

pre-service science 

teacher programs 

should ground their 

experiences in a 

purposeful focus on 

existing beliefs of 

current and future 

teachers. 
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Maier, M. F., 

Greenfield, 

D. B., and 

Bulotsky-

Shearer, R. J. 

(2013)  

the goal of the 

current study 

was to develop 

and validate a 

new self-report 

questionnaire 

of preschool 

teachers’ 

attitudes and 

beliefs toward 

science 

teaching (the 

Preschool 

Teacher 

Attitudes and 

Beliefs toward 

Science 

Teaching 

questionnaire 

[P-TABS]) 

using a 

statewide 

sample of 

Head Start 

teachers 

n-507. national 

head start 

teachers with 

educations 

ranging from 

associate to 

masters/ 

doctorate. 

Concurrent and 

predictive validity of 

the derived P-TABS 

dimensions was 

examined using 

teacher-reported 

involvement in 

science-related 

activities, 

participation in a 

preschool science 

curriculum, and 

observation of 

science  classroom 

instructional 

practices. 

"Teachers 

also endorsed lower 

levels of comfort 

regarding “planning and 

demonstrating 

classroom activities 

related to physical and 

energy science,” which 

is consistent with 

previous research 

suggesting that 

educators prefer 

teaching life and earth 

science more than 

physical 

science. teachers may 

feel uncomfortable 

admitting there are 

barriers to teaching it, 

such as how difficult it 

is to teach, that they do 

not have time for it, or 

that they do not feel 

they have enough 

content knowledge 

in science.  

Blank, R. K. 

(2013)  

The research 

for this paper 

focuses on the 

role of 

elementary 

education in 

science 

as an 

important 

preparatory 

step. 

used NAEP 

data to 

determine how 

science contact 

time impacts 

performance 

NA "National trend data 

show a decline in 

instructional time 

in the elementary 

grades on science 

instruction over the past 

two decades.  
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Knaggs, C. 

M., and 

Sondergeld, 

T. A. (2015)  

This study 

looked at a 

sample of pre-

service 

elementary 

teachers 

engaged in a 

semester-long 

science 

content course, 

using 

Bandura’s 

concept of SE 

as a 

conceptual 

framework. 

Study 

participants all 

attended a 

small private 

Catholic 

institution in 

Northwest 

Ohio. All 

PSTs in the 

course for one 

semester (N = 

26) were 

included in 

this study.  

Mixed methods. This 

study uses a repeated 

measure with 

intervention mixed 

methods concurrent 

design. Our study is 

considered repeated 

measures because we 

are measuring 

student SE over time. 

The intervention 

being employed is 

the course focusing 

on science content 

with embedded 

experiences designed 

to improve science 

SE. Both quantitative 

and qualitative data 

were collected and 

analyzed at the same 

time). 

"Our quantitative data 

showed significant 

increases in 

science SE on both 

subscales (personal 

efficacy and outcome 

expectancy). Our 

qualitative data showed 

that students 

communicated an 

increased sense of 

confidence with regard 

to the discipline of 

science. Combining our 

findings resulted in 

several meta-inferences, 

one of which showed 

students growing as 

both confident learners 

of science and teachers 

of science 

simultaneously.   

Maeng, J. L., 

Mulvey, B. 

K., Smetana, 

L. K., and 

Bell, R. L. 

(2013)  

goal of the 

present work 

is to describe 

how pre-

service science 

teachers 

promote 

students’ 

inquiry skills 

by engaging 

students in 

science inquiry 

using 

technology. 

These 10 male 

and 16 female 

participants 

were enrolled 

in a 2-year 

Master of 

Teaching 

(M.T.) 

program at a 

large, public 

Mid-Atlantic 

University.  

This study employed 

a qualitative case 

study research 

design with the goal 

of characterizing 

participants’ use of  

instructional 

technology to 

support inquiry 

instruction 

through analysis of 

classroom 

observations, 

participant 

interviews, and 

artifacts. 

"Results indicated that 

participants 

incorporated 

technologies 

appropriate to the 

content and context to 

facilitate non-

experimental and 

experimental inquiry 

experiences. 

Participants developing 

TPACK was evidenced 

by their selective and 

appropriate use of 

technology. 
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Morrell, P. 

D., and 

Carroll, J. B. 

(2003)  

study 

examines the 

impact of 

science 

methods 

courses, 

student 

teaching and 

science 

content 

courses on 

elementary 

pre-service 

teachers' 

science 

teaching self-

efficacy.  

Respondents 

in this study 

were 

elementary 

pre-service 

teachers in a 

four-year 

undergraduate 

teacher 

education 

program. n = 

75 

Paired t-tests were 

run on the pre and 

post survey scores 

for each course. The 

PSTE and STOE 

section scores were 

analyzed separately.  

"In this study, it would 

appear that the methods 

course positively 

impacted the 

elementary pre-service 

teachers' PSTE. The 

scores on this scale 

significantly increased 

over the duration of 

each methods course.  
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Arce, J., 

Bodner, GM., 

and 

Hutchinson, 

K. (2014)  

A Study of the 

Impact of 

Inquiry-Based 

Professional 

Development 

Experiences 

on the Beliefs 

of 

Intermediate 

Science 

Teachers about 

“Best 

Practices” for 

Classroom 

Teaching 

Five 

“traditional” 

teachers in 

Puerto Rico 

were selected 

from among 

schools that 

had not 

participated in 

the reform 

project.  

An ethnographic lens 

(Anderson, 1989; 

Brandt, 1992; 

Bhattacharya, 2007; 

Fetterman, 1989; 

Garfinkel, 1967; 

Wolcott, 1980) was 

used to guide this 

research because it 

provided a method 

for interpreting 

findings from a 

cultural perspective 

(Patton, 2002). 

"This study suggests 

that, for some teachers, 

extensive in-service 

professional 

development can 

produce a substantive 

change in teachers’ 

beliefs about optimum 

teaching practice. But 

this change can have 

unforeseen 

consequences; in this 

case, the formation of a 

set of beliefs or values 

that forgot the 

importance of building 

quantitative skills as 

well a conceptual 

understanding of the 

concepts being taught. 

King, K., 

Shumow, L., 

and Lietz, S. 

(2001)  

Through a 

case study 

approach, the 

state of 

science 

education in 

an urban 

elementary 

school was 

examined in 

detail. 

Observations 

made from the 

perspective of 

a science 

education 

specialist, an 

educational 

psychologist, 

and an expert 

elementary 

teacher from 

an elementary 

school (K-8) 

in a large 

Midwestern 

industrial city. 

n = 4 

Through a case study 

approach,  

Findings revealed that 

teachers were more 

poorly prepared than 

had been anticipated, 

both in terms of science 

content knowledge and 

instructional skills, but 

also with respect to the 

quality of classroom 

pedagogical and 

management skills. 

Particularly significant 

from a science 

education perspective 

was the inconsistency 

between how they 

perceived their teaching 

practice (a hands-on, 

inquiry-based approach) 

and the investigator-

observed expository 

nature of the lessons.  
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Pearson, P. 

D., Moje, E., 

and 

Greenleaf, C. 

(2010)  

to examine 

synergies 

between 

inquiry science 

and literacy 

teaching and 

learning of K-

12 

(kindergarten 

through high 

school) 

curriculum. 

NA NA Teacher learning is 

most profound when 

teachers 

can employ the very 

same inquiry processes 

for their own 

professional learning 

that they aspire to enact 

with their students. By 

making their own 

learning about literacy 

and science pedagogy 

the object of inquiry, 

teachers can 

simultaneously develop 

the insights and 

pedagogical strategies 

they will need to 

mentor their students. 

Milner, A. R., 

Sondergeld, 

T. A., Demir, 

A., Johnson, 

C. C., and 

Czerniak, C.  

M. (2012)  

The purpose of 

this study is to 

explore the 

dynamics that 

impact teacher 

practice in 

elementary 

science, 

including 

teacher beliefs, 

perceptions, 

and challenges 

pre- and post-

NCLB 

required state 

science 

testing. 

7500 randomly 

selected 

elementary 

school 

teachers. 44 

responded 

mixed. For this 

study, both 

quantitative and 

qualitative data were 

collected through a 

survey 

of practicing 

teachers’ beliefs 

about their 

elementary science 

teaching pre-required 

state science testing 

and post-required 

state science testing. 

Open-ended 

questions 

were included on the 

survey and analyzed 

qualitatively.  

"Change in science 

teaching practice 

requires support of local 

administration and is 

most effective when a 

critical mass of teachers 

within the school are on 

board. Interestingly, we 

found that teachers’ 

beliefs were more 

influenced by their 

administration and peer 

group than they were by 

federally mandated 

policy.  Teachers 

indicated that time and 

resources were barriers 

but the opinions of 

others and school 

mandates were the most 

closely aligned to their 

emerging practice.   
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Griffith, G., 

and 

Scharmann, 

L. (2008)  

This research 

examines the 

impact of the 

No Child Left 

Behind 

(NCLB) Act 

on elementary 

science 

education 

within a 

Midwestern 

state 

possessing 

strong national 

education 

measures. 

This 

instrument was 

distributed to 

K-6 educators 

via a 

Midwestern 

State 

Department of 

Education 

science listserv 

and a 

Midwestern 

Association of 

Teachers of 

Science 

listserv with 

reminders 

being e-mailed 

five days prior 

to the survey 

end date. n = 

164 

Instrumentation Data 

reported upon in this 

study were collected 

through an online, 

voluntary response 

survey. The 

researchers 

developed the survey 

instrument (see 

Appendix A) and 

included the same 

main research 

questions and sub-

questions. The 

instrument included 

demographic and 

closed-ended initial 

questions with open-

ended follow-up 

queries.  

"One of the teachers 

who was required to cut 

instructional time for 

science (n = 37) stated, 

“We have been directed 

to spend more time on 

math and reading 

because those are the 

subjects upon which 

AYP is based. At my 

grade level, we teach 

each of those subjects 

for a minimum of one 

and a half hours daily. 

Some children are on 

‘pull out’ for even more 

instruction in math and 

reading.” Another 

teacher indicated she 

was ”forced to [cut 

instructional time in 

science] in order to 

increase minutes for 

math and reading,” and 

yet another stated,  

Fairweather, 

J. (2008)  

examine the 

variety of 

problems in 

STEM 

education and 

the role of 

pedagogical 

reforms in 

solving them.  

NA lit review "On balance the 

research suggests that 

the greatest gains in 

STEM education are 

likely to come from the 

development of 

strategies to encourage 

faculty  

to implement proven 

instructional strategies 

rather than to carry out  

on these strategies." 
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Sousa, D. A., 

and Pilecki, 

T. (2013, 

February 26)  

If we expect 

STEM to 

improve 

student 

learning, 

curriculum 

must become 

more relevant, 

and instruction 

concentrate 

more on 

creative and 

real-world 

problem 

solving—in 

other words, 

what working 

scientists and 

mathematician

s really do. 

creativity?  

NA lit review. editorial "The main objective of 

both art and science is 

discovery. Scientists 

and artists work 

creatively toward a 

product. Now, 

neuroscience adds its 

discoveries to the mix. 

Implications from 

recent brain research 

findings—like the 

exciting evidence that 

creativity can be 

taught—further support 

the integration of arts-

related topics and skills 

into STEM courses, 

adding the A for arts to 

become STEAM. 

 

Tutwiler, S., 

Gruner, H., 

Johnkoski, J., 

Inga, S., and 

Brady, M. 

(2013, 

November)  

study aims to 

measure the 

impact of this 

collaboration 

on student 

achievement. 

n = 180, 6 

years. 

Quantitative/Observa

tional longitudinal 

analysis of 

Connecticut Mastery 

Test science scores 

over a six-year 

period (two before 

and four after the PD 

partnership started) 

indicates a strong 

positive relationship. 

conducted a 

regression 

discontinuity 

analysis of 5th grade 

CMT scores from 

2008 to 2013.  

In conclusion, we 

detected a strong 

positive observational 

relationship between 

5th grade CMT scores 

and teacher 

participation in the 

whole-school inquiry-

based PD at the Annie 

Fisher Stem Academy, 

an urban magnet school 

in Hartford CT. This 

effect was also detected 

at a suburban 

elementary school in a 

nearby district that has 

adopted the same PD 

model. Follow-up 

regression analyses 

showed that the impact 

of the school reform 

was rapid and resulted 

in continued gains." 
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Coelli, M., 

and Green, D. 

A. (2012)  

We estimate 

the effect of 

individual 

school 

principals on 

student high 

school 

graduation 

probabilities 

and grade 12 

provincial 

final exam 

scores 

employing a 

unique 

administrative 

dataset from 

the Canadian 

province of 

British 

Columbia. 

The data we 

employ is BC 

Ministry of 

Education 

administrative 

data on all 

youth enrolled 

in 

grade 12 in 

public schools 

at the start of 

November in 

the period 

1995 to 2004. 

For each grade 

12 student, we 

observe 

whether and 

when they 

graduated 

from high 

school, as long 

as it occurred 

before October 

2005.  

Quantitative. the idea 

behind the estimator 

is that if principals 

have 

individual effects on 

school outcomes, 

then the variance of 

those outcomes 

should be greater in 

schools which have 

more principals over 

a given time period. 

In the second 

component of our 

empirical strategy, 

we estimate a simple 

dynamic model 

"Our results suggest 

that principals have a 

stronger impact on 

English exam scores 

than on graduation 

rates. Our results 

showed a  sizable 

heterogeneity in school 

principal quality, 

particularly 

in affecting the grade 

12 English exam scores 

Specifically, getting a 

principal who is one 

standard deviation 

better in the principal 

effects distribution 

implies that graduation 

rates will be higher by 

2.6 percentage points 

and English exam 

scores will be higher by 

2.5 percentage points if 

principals are given 

time to fully “make 

their mark” on the 

school." 

McLaughlin, 

J. E., Roth, 

M. T., Glatt, 

D. M., 

Gharkholonar

ehe, N., 

Davidson, C. 

A., Griffin, L. 

M., ... and 

Mumper, R. 

J. (2014)  

In 2012, the 

authors flipped 

a required 

first-year 

pharmaceutics 

course at the 

University of 

North Carolina 

Eshelman 

School of 

Pharmacy. 

In 2012, 150 

of the 162 

students 

completed the 

pre- and post 

course 

surveys; All 

students 

completed the 

course 

evaluations 

(162 in 2012 

and 153 in 

2011). 

"mixed. We 

used paired t tests to 

compare pre- and 

post course survey 

responses, 

independent t tests to 

compare course 

evaluation responses 

& final exam scores 

and Pearson rho to 

investigate 

correlations between 

continuous variables. 

The statistical 

significance at α = 

.05." 

"As class attendance, 

students’ learning, and 

the perceived value of 

this model all increased 

following participation 

in the flipped 

classroom, the authors 

conclude that this 

approach warrants 

careful consideration as 

educators aim to 

enhance learning, 

improve outcomes, and 

fully equip students to 

address 21st-century 

health care needs." 
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Kuh, G. D., 

Cruce, T. M., 

Shoup, R., 

Kinzie, J., 

and Gonyea, 

R. M. (2008)  

This study 

sought to 

determine the 

relationships 

between key 

student 

behaviors and 

the 

institutional 

practices and 

conditions that 

foster student 

success.  

The data for 

this study are 

from 18 

baccalaureate-

granting 

colleges 

and 

universities 

that 

administered 

the National 

Survey of 

Student 

Engagement 

(NSSE) at 

least once 

between 2000 

and 2003. 

The data for this 

study are from 18 

baccalaureate-

granting colleges and 

universities that 

administered the 

National Survey of 

Student Engagement 

(NSSE) at least once 

between 2000 and 

2003.  

"First, student 

engagement in 

educationally 

purposeful activities is 

positively related to 

academic outcomes as 

represented by first-

year student grades and 

by persistence between 

the first and second 

year of college. Second, 

engagement has a 

compensatory effect on 

first-year grades and 

persistence to the 

second year of college 

at the same institution.  

Maier, M. F., 

Greenfield, 

D. B., and 

Bulotsky-

Shearer, R. J. 

(2013)  

the goal of the 

current study 

was to develop 

and validate a 

new self-report 

questionnaire 

of preschool 

teachers’ 

attitudes and 

beliefs toward 

science using a 

statewide 

sample of 

Head Start 

teachers 

n-507. national 

head start 

teachers with 

educations 

ranging from 

associate to 

masters/ 

doctorate. 

Concurrent and 

predictive validity of 

the derived P-TABS 

dimensions was 

examined using 

teacher-reported 

involvement in 

science-related 

activities, 

participation in a 

preschool science 

curriculum, and 

direct observation of 

classroom 

instructional 

practices. 

Teachers also endorsed 

lower levels of comfort 

regarding “planning and 

demonstrating 

classroom activities 

related to physical and 

energy 

science,” which is 

consistent with previous 

research suggesting that 

educators prefer 

teaching life and earth 

science more than 

physical 

science.  

Thomas, J. 

Y., and 

Brady, K. P. 

(2005)  

trace the legal, 

legislative, and 

political 

history of the 

ESEA.  

na Literature review "On April 11, 1965, 

President Johnson 

adopted this approach 

and the ESEA was 

passed, with Title I 

representing the largest 

financial component of 

the legislation.  



 288 

 

 

 

(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Bush, G. W. 

(2001)  

NA NA NA "Federal block grants 

are provided to states 

for schools that 

establish annual 

assessments, demand 

progress, improve 

poorly-performing 

schools, create 

consequences for 

failure, and protect 

home and private 

schools. The "Reading 

First" initiative gives 

funds and tools to 

promote literacy 

through comprehensive 

research-based 

programs. To enhance 

teacher training, the 

plan offers greater 

flexibility in 

professional 

development, high 

standards, innovation, 

shielding from liability, 

tax deductions for 

teachers, and teacher 

quality information to 

parents.  

Brookhart, S. 

M. (2009)  

A review of 

literature on 

accountability 

policies and 

measures that 

affect students, 

teachers, and 

student 

achievement. 

NA lit review "the literature supports 

that NCLB has had both 

positive and negative 

effects. 
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Klein, A. 

(2015)  

explanation of 

what is in the 

act and what is 

different from 

NCLB 

  

"The top-line stuff: The 

ESSA is in many ways 

a U-turn from the 

current, much-maligned 

version of the ESEA 

law, the No Child Left 

Behind Act. States 

would still have to test 

students in reading and 

math in grades 3 

through 8 and once in 

high school, and break 

out the data for whole 

schools, plus different 

"subgroups" of students 

(English-learners, 

students in special 

education, racial 

minorities, those in 

poverty).  

Ravitch, D. 

(2016) 

NA NA NA NA 

McLaughlin, 

M. W., and 

Talbert, J. E. 

(2001)  

NA NA NA NA 

Hord, S. M. 

(2008)  

NA NA NA "People everywhere 

generally agree that the 

purpose of schools is 

"student learning." 

Further, people are 

generally in agreement 

that the most significant 

factor determining 

whether students learn 

well is "teaching 

quality." Teaching 

quality is improved 

through "continuous 

professional learning."  
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Hord, S. M. 

(1998)  

Approaches 

that schools 

can use to 

create a high 

quality, 

professional, 

working 

community are 

provided in 

this journal 

issue. 

Three parents, 

a central office 

staff person, 

and a 

professor from 

a nearby 

university   

involved with 

the school for 

the past 

decade were 

also 

interviewed. 

All but three 

of the 

interviews 

were tape-

recorded and 

later 

transcribed. 

The data were 

gathered through 

personal interviews, 

conducted by SISS 

staff with 30 

members of the 

Cottonwood Creek 

School staff, the 

current principal, and 

the previous 

principal. In 

addition, an 

interview was 

conducted with the 

previous 

instructional guide 

who served in this 

role to-support 

teachers' effective 

practice. 

"five major dimensions 

of the professional 

learning community: 

supportive and shared 

leadership, collective 

learning and application 

of learning, shared 

values and vision, 

supportive conditions, 

and shared personal 

practice." 

Blacklock, P. 

J. (2009)  

The purpose of 

this study was 

to determine 

the level of the 

development 

of the 5 

dimensions of 

the 

professional 

learning 

community 

model in 

improving 

exemplary 

Texas 

elementary 

schools and to 

identify and 

compare the 

possible 

commonalities

. 

criterion based 

sample 

qualitative 

study. n = 247 

The method used in 

this study was a 

mixed method 

approach that 

employed a 

questionnaire, 

individual principal 

and teacher 

interviews and 

school performance 

documents to 

collect data. 

"The 5 

dimensions of the 

professional learning 

community model 

investigated in this 

study include: 1) 

shared and supportive 

leadership, 2) shared 

values and vision, 3) 

collective learning and 

the application of 

learning, 4) shared 

personal practice and 5) 

supportive conditions. 

The findings from this 

study suggest that 

sustainable professional 

learning communities 

are evident in the high 

performing schools 

selected for this study.  
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DuFour, R. 

(2004)  

To create a 

professional 

learning 

community, 

focus on 

learning rather 

than teaching, 

work 

collaboratively

, and hold 

yourself 

accountable 

for results. 

NA commentary Big Idea 1- the ongoing 

exploration of three 

crucial questions that 

drive the work of those 

within a professional 

learning community: 

• What do we want each 

student to learn? 

• How will we know 

when each student has 

learned it? 

• How will we respond 

when a student 

experiences difficulty in 

learning? In order for 

PLC's to exist, they 

must be systematic and 

school wide, timely., 

based on intervention 

rather than remediation 

and directive toward 

students rather than 

invitational. Big Idea 

#2: A culture of 

Collaboration. The 

powerful collaboration 

that characterizes 

professional learning 

communities is a 

systematic process in 

which teachers work 

together to analyze and 

improve their classroom 

practice. Teachers work 

in teams, engaging in an 

ongoing cycle of 

questions that promote 

deep team learning. 

This process, in turn, 

leads to higher levels of 

student achievement.  
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Stoll, L., 

Bolam, R., 

McMahon, 

A., Wallace, 

M., and 

Thomas, S. 

(2006)  

Understanding 

effective PLCs 

in schools and 

research into 

their 

existence, 

operation, and 

effectiveness 

are at a 

relatively early 

stage of 

development 

in many 

countries, 

although the 

evidence 

suggests they 

have a positive 

impact on 

school 

improvement. 

NA Literature Review This literature review 

and, indeed, the 

research in England to 

which it was attached 

(Bolam et al., 2005), 

concludes that building 

PLCs is by no means 

easy. A number of 

subtle as well as more 

overt processes require 

work, and there are 

influences, both within 

and external to schools 

that can either facilitate 

or severely inhibit the 

process.  

ASCD. 

(2015, 

December 

16)  

to analyze and 

highlight the 

major 

components of 

NGSS 

NA Literature Review Broke down and 

compared present 

standards with past. 

Supovitz, J. 

A., and 

Turner, H. M. 

(2000) 

To determine 

The Effects of 

Professional 

Development 

on Science 

Teaching 

Practices and 

Classroom 

Culture 

survey data 

collected from 

3464 science 

teachers and 

666 principals 

in the 24 

localities in 

1997. 

Using data from a 

National Science 

Foundation Teacher 

Enhancement 

program called the 

Local Systemic 

Change initiative, 

this study employs 

hierarchical linear 

modeling to examine 

the 

relationship between 

professional 

development and the 

reformers' vision of 

teaching practice. 

The findings indicate 

that the quantity of 

professional 

development in which 

teachers participate is 

strongly linked with 

both inquiry-based 

teaching practice and 

investigative classroom 

culture. At the 

individual level, 

teachers' content 

preparation also has a 

powerful influence on 

teaching practice and 

classroom culture.  
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Garet, M. S., 

Porter, A. C., 

Desimone, 

L., Birman, 

B. F., and 

Yoon, K. S. 

(2001)  

To determine 

what makes 

professional 

development 

effective? 

n = 1027 math 

and science 

teachers from 

358 districts 

across the US. 

They were 

randomly 

selected from 

Eisenhower 

fund grantees. 

Quantitative, large-

scale empirical 

comparison (using 

teacher activity 

survey) of effects of 

different 

characteristics of PD 

on teacher learning. 

There are three core 

features to PD activities 

that have significant 

positive effects on 

teacher self-reported 

increase in knowledge 

and change in 

classroom content: 

focus on content 

knowledge, 

opportunities for active 

learning, and coherence 

with other learning 

activities. 

Gregory, A., 

Allen, J. P., 

Mikami, A. 

Y., Hafen, C. 

A., and 

Pianta, R. C. 

(2014)  

To determine 

the Effect of a 

Professional 

Development 

Program on 

Behavioral 

Engagement of 

Students in 

Middle  and 

High School  

The 87 

participating 

teachers taught 

in 12 different 

schools in 

Virginia. The 

number of 

teachers per 

school ranged 

from 1 to 15 .  

quantitative , quasi-

experimental study 

used a randomized 

controlled design to 

test the efficacy of 

the My Teaching 

Partner-Secondary 

program to increase 

behavioral 

engagement. 

The study found that 

intervention teachers 

had  

significantly higher 

increases, albeit to a 

modest degree, in 

student behavioral 

engagement in their 

classrooms after 1 year 

of involvement with the 

program compared to 

the teachers in the 

control group  

Reiser, B. J. 

(2013, 

September)  

This resource 

articulates the 

required 

changes in 

professional 

development 

of teachers 

called for in 

the Framework 

for K–12 

Science 

Education and 

the Next 

Generation 

Science 

Standards. 

NA NA NA 



 294 

 

 

 

 

 

 

 

 

 

(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Cooper, M. 

M. (2013)  

NGSS 

adoptions 

effect on 

students, 

educators and 

their 

instructive 

methods as 

they pertain to 

chemistry 

instructors 

NA editorial Teachers who 

learn chemistry in 

lecture formats where 

there is a one-way 

transmission of facts, 

where skills are learned 

by rote, and 

calculations are done by 

analogy to a worked 

example or by 

filling numbers into a 

formula are unlikely to 

understand the 

increased depth 

required to teach to the 

NGSS. That is, if we 

teach our introductory 

chemistry courses in a 

traditional way, 

using lectures, 

cookbook laboratories, 

and multiple-choice 

testing, future teachers 

will not develop 

expertise in asking 

questions, developing 

models, or arguing from 

evidence.  
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Rivera, M. A. 

J., Manning, 

M. M., and 

Krupp, D. A. 

(2013) 

this study 

describe and 

evaluate a 

professional 

development 

program for 

Hawaiian 

science 

teachers 

integrating 

content 

knowledge 

instruction 

while using 

inquiry 

methods to 

conduct short 

duration 

research 

experiences. 

Ten middle 

and high 

school 

teachers 

primarily from 

Hawai‘i public 

high schools 

participated  

2009 four week, full 

time professional 

development course, 

producing novel 

place-based lesson 

plans to execute in 

their home 

classrooms. mixed 

method study. Pre 

and post analyses of 

teacher reported 

confidence levels in 

teaching ten 

environmental and 

marine science topics 

showed significant 

improvements after 

the course. The 

course was delivered 

at the University of 

Hawai‘i’s Windward 

Community College 

and Mānoa’s 

Hawai‘i Institute of 

Marine Biology. 

Nonetheless the 

teachers reported that 

all sections of the 

program contributed 

significantly to their 

overall professional 

development. 

possessing robust 

subject matter 

knowledge improves 

teacher confidence, the 

ability to teach science 

effectively is not always 

alone a function of 

content knowledge 

p.233 by the end of the 

program, average self-

reported comfort levels 

overwhelmingly 

improved and were 

statistically significant 

in all ten topics as well 

as overall.  

Lederman, J. 

S., Holliday, 

G. M., and 

Lederman, N. 

G. (2012) 

detailed 

description of 

science PD 

programs that 

use museum 

and university 

staff to 

collaboratively 

support 

learning of 

content, 

pedagogy, and 

curriculum by 

using exhibits. 

4-8th grade 

Illinois 

teachers, N = 

90 

Qualitative with 

observations 

Involvement in PD 

programs is 

encouraged, the quality 

of the PD provided is 

often suspect (p.98). 

Exhibit designers will 

often design an 

experience so that the 

participant can explore 

the topic, have the 

exhibit explained to 

them, and then expand 

the concept encountered 

and generalize and 

apply it to everyday 

experiences.  
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Short, J. 

(2014, 

November 

18)  

explain how 

the museum of 

natural history 

in NYC, with 

NSF, has 

created NGSS 

support for 

teachers and 

students. 

NA collaborative work 

group to develop PD 

and student materials 

for support of NGSS 

Museums can develop 

innovative resources, 

visualize data, bring the 

real work of scientists 

into instructional 

materials, and help 

make learning science 

more accessible and 

engaging for students. 

Teachers can help 

inform the development 

of these resources by 

sharing the realities of 

the classroom and 

challenges of 

addressing the needs of 

all students. Nonprofit 

partners can provide 

expertise and tools to 

help science teachers 

achieve their goals. 

Roth, K., 

Wilson, C., 

Taylor, J., 

Hvidsten, C., 

Stennett, B., 

Wickler, N., 

Bintz, J. 

(2015) 

The paper 

maps the 

history of this 

research, 

demonstrating 

how it 

rigorously 

tests a video 

case based, 

analysis-of-

practice 

professional 

development 

program, 

explores the 

three phases of 

research 

mapped out by 

Borko, and 

explores 

scalability and 

sustainability. 

Quant.48 

upper-

elementary 

teachers in 

urban 

settings in 

Southern 

California 

Qual. n = 144 

Mixed method. In 

the video case study, 

teachers' interactions 

with each other and 

with video cases as 

they analyzed 

science content, 

science teaching, and 

science learning in 

small (5–10 

teachers), grade-level 

study groups, each 

led by a PD leader. 

These interactions 

began during a two-

week summer 

institute and 

continued in monthly 

3.5-hour meetings 

across the school 

year. Colorado's 

Front Range.  

STeLLA teachers 

attend a science content 

deepening session in the 

morning and a lesson 

analysis session in the 

afternoon as part of the 

summer Lesson 

Analysis PD program.  

The study found that a 

one-year PD program 

can result in 

significantly improving 

students’ science 

learning.  
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Akerson, V. 

L., Morrison, 

J. A., and 

McDuffie, A. 

R. (2006)  

This study 

examined the 

views, and the 

retention of 

these views, of 

19 pre-service 

elementary 

teachers as 

they learned 

about nature of 

science (NOS 

This study 

reports  

on 17 of those 

students 

because we 

had a complete 

set of data for 

these students 

(14 females,  

3 males). Their 

ages ranged 

between 25 

and 49 years, 

with a median 

of 32 years, 

and they were  

working 

toward a 

master’s in 

teaching 

(MIT) degree 

in elementary 

education. All 

students were 

in  

the first year 

of their 

programs. 

Qualitative. We 

investigated one 

cohort of pre-service 

elementary teachers 

enrolled in an 

elementary science 

methods course. 

Data collection of 

teaching approaches 

for NOS was 

continuous and 

spanned an entire 

semester. We 

compared pre-

service teacher 

conceptions of NOS 

at the beginning and 

end of each semester 

and again 5 months 

after the students had 

been out of the 

methods course. We 

used an open-ended 

questionnaire in 

conjunction with 

semi structured 

interviews to assess 

participants’ views 

of the target aspects 

of NOS. 

We found that students 

made substantial 

improvements in their 

understandings of the 

target 

aspects of NOS as a 

result of their 

participation in an 

explicit reflective 

science methods course. 

At the second 

administration of the 

questionnaire most 

students exhibited a 

marked improvement 

in their understandings. 

However, results of the 

interview and 

questionnaire data at the 

conclusion 

of the academic year 

indicate 

that the students did not 

always retain their new 

conceptions of most 

NOS aspects, and they 

sometimes reverted to 

original understandings.  

Kang, E. J., 

Bianchini, J. 

A., and 

Kelly, G. J. 

(2013)  

the researchers 

examined pre-

service teacher 

participants’ 

ease in 

crossing the 

cultural border 

from 

traditional 

science student 

to inquiry-

minded 

science 

teacher. 

8 pre-service 

teachers. This 

study took 

place within a 

small, fifth-

year teacher 

education 

program in 

southern 

California.  

Qualitative with four 

types of data: 

videotaped 

interaction s of 

teachers, drafts and 

peer reviews of a 

lesson, inquiry 

lesson plans, and 30 

minutes pair of pre-

service teacher 

interviews. 

Teacher learning in 

communities can be 

described as acquiring 

the knowledge, skills, 

language, and habits of 

mind for membership in 

a particular teacher 

education program, 

classroom, or school 

culture .  
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Irez, S. 

(2006) 

this study 

explores 15 

Turkish 

“prospective” 

science teacher 

educators’ 

beliefs about 

NOS in the 

context of 

teacher 

education 

reform in 

Turkey.  

this study 

focuses on a 

group of 

prospective 

science teacher 

educators 

(PSTE) 

who, at the 

time of the 

study, were 

studying 

abroad as a 

part of the 

Turkish 

government’s 

strategy to 

improve the 

quality of 

teacher 

education and 

assesses the 

beliefs of these 

teacher 

educators 

regarding 

NOS. The 

group 

consisted of 

nine males and 

six females.  

A reflection-oriented 

qualitative approach 

was adopted in the 

investigation. Data 

were collected 

through two sets of 

interviews with the 

participants and 

analyzed by means 

of cognitive maps. 

Coded for emergent 

themes. 

The most influential 

examination in a typical 

Turkish student’s life is 

the university entrance 

examination, which is 

called OSS. Although 

some alterations have 

been made recently, 

traditionally, the 

university entrance 

examination assesses 

the content knowledge 

of students in a variety 

of subjects such as 

biology, chemistry, 

Turkish, and maths. 

This has affected 

teaching and learning 

negatively in the 

nation’s schools. 

Getting a high score in 

the university 

examination has 

required the mastering 

and memorizing of 

content by the students.  
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Maeng, J. L., 

Mulvey, B. 

K., Smetana, 

L. K., and 

Bell, R. L. 

(2013)  

goal of the 

present work is 

to describe 

how pre-

service science 

teachers 

promote 

students’ 

inquiry skills 

by engaging 

students in 

science inquiry 

using 

technology. 

26 participants 

who used 

technology to 

support such 

instruction 

were selected 

from the 27 

participants of 

previous 

investigations. 

These 10 male 

and 16 female 

participants 

were enrolled 

in a 2-year 

Master of 

Teaching 

(program at a 

large, public 

Mid-Atlantic 

University.  

Qualitative. This 

study employed a 

qualitative case study 

research design with 

the goal of 

characterizing 

participants’ use of 

TPACK model as 

related to the present 

investigation 

instructional 

technology to 

support inquiry 

instruction through 

analysis of classroom 

observations, 

participant 

interviews, and 

artifacts, and 

teaching reflections. 

Appropriate technology 

use for inquiry included 

the following: (1) to 

present an engaging 

introduction, (2) to 

facilitate data 

collection, (3) to 

facilitate data analysis, 

and (4) to facilitate 

communication and 

discussion of results. 

These results suggest 

that using digital 

images to facilitate 

whole-class inquiry 

holds considerable 

promise as a starting 

point for teachers new 

to inquiry instruction. 

Arnell, R. 

(2014) 

The purpose of 

this qualitative 

case study was 

to examine if 

teaching was 

enhanced 

through 

participation in 

virtual 

communities of 

practice and 

determine if 

teachers’ 

personal 

beliefs prior to 

entering these 

communities 

influenced 

their 

engagement. 

The 

participants for 

the study 

consisted of 

nine certified 

educators who 

were engaged 

in the 

Classroom 

2.0or Flat 

Connections 

virtual 

communities 

of practice.  

qualitative, 

purposive case study. 

Data were collected 

through 2 semi-

structured interviews 

with 9 teacher 

participants and 

analysis of digital 

records from the 

Classroom 2.0 and 

Flat Connections 

Nings. Manual, open 

coding of the data 

revealed themes that 

explained the use of 

personalized 

learning, networks 

for instructional 

growth, and social 

networking for 

collaborative 

practice. 

Findings indicated that 

while teachers’ 

previously held ideas 

were not significantly 

altered, the social, 

supportive 

environments created 

through virtual learning 

communities made a 

suitable setting for 

professional 

development.  
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Datnow, A., 

Park, V., and 

Kennedy-

Lewis, B. 

(2013)  

The purpose of 

this paper is to 

examine the 

affordances 

and constraints 

that exist in the 

context of 

established 

teacher 

collaboration 

time for the 

purposes of 

data-driven 

decision-

making. 

The paper 

draws upon 

qualitative 

case study data 

gathered in 

six schools 

that structured 

teacher time 

for 

collaboration 

on data use. 

The paper draws 

upon qualitative case 

study data gathered 

in six schools that 

structured teacher 

time for 

collaboration on data 

use. 

An analysis of the data 

revealed that a variety 

of leadership activities 

and organizational 

conditions shaped 

teachers’ collaborative 

work with data. These 

included leadership 

focused on thoughtful 

use of data and the 

framing of data-driven 

decision making in 

terms of collective 

responsibility; the 

establishment of norms 

for teacher 

collaboration; the 

implementation of data 

discussion protocols; 

and teacher groupings 

and subject matter 

subcultures. 

Hancock, K. 

E., Naber, J. 

L., Cross, S., 

and Mailow, 

T. L. (2016)  

The 

implementation 

of peer 

teaching was 

analyzed to 

determine the 

effectiveness 

of peer 

teaching from 

the nursing 

student 

perspective. 

n = 62 (52 f, 9 

m, 1 U), Mean 

age 21.1, he 

Adult Health 

II nursing 

students at a 

mid-size, 

southern 

university 

taught basic 

nursing skills 

to Nursing 

Assessment 

students who 

were in their 

first semester 

of nursing 

school. 

Murray State, 

Murray, 

Kentucky 

qualitative. Faculty 

members at a local 

School of Nursing 

determined that this 

would be a useful 

strategy to use to 

teach beginning 

nursing students 

some of the basic 

nursing care 

interventions. 

Previously, these 

interventions had 

been taught later in 

the curriculum, so 

the decision was 

made to introduce 

new students to these 

skills earlier in the 

curriculum.  

Benefits of peer-

teaching:  Increased 

student learning  

Review of previously 

learned skills  

Improved 

communication skills  

Greater confidence  

Areas needing 

improvement:  Better 

preparation for teaching 

 More instructions on 

teaching plan 

requirements  Provide 

additional materials to 

accompany the lesson 

(ex. handouts) 
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Gregory, K. 

(2013)  

this study 

examined the 

integration of 

library literacy 

instruction into 

science literacy 

courses. 

TA's in from 

science 

department in 

the Science 

and 

Engineering 

library. n = 3 

case study, 

qualitative. 

Observations and 

instruction feedback 

form.  

Using TAs was a very 

time- and labor-

intensive method. Not 

only was it necessary to 

create detailed lesson 

plans and training 

opportunities for the 

TAs, but the librarian 

also needed to gain 

buy-in for the project 

and convince the TAs 

that they had the skills 

necessary to conduct 

the sessions.  

Pearson, P. 

D., Moje, E., 

and 

Greenleaf, C. 

(2010)  

use conceptual 

and empirical 

lenses to 

examine 

synergies 

between 

inquiry science 

and literacy 

teaching and 

learning of K-

12 

(kindergarten 

through high 

school) 

curriculum. 

literature 

review 

empirical research 

study 

NA 

Wright, B. 

(2011)  

Mission 

statement of 

the Fordham 

Mission. 

NA NA NA 



 302 

 

 

 

 

(Continued)  

Citation Purpose Sample Method Findings/ Outcome 

Moon, J. 

Overview 

and Research 

Base.  

Explain NGSx 

development 

and use. 

NA PD needs to be 

embedded in subject 

matter and the 

challenges students 

face in making sense 

of subject matter. PD 

tasks need to involve 

active sense making 

and problem solving 

(This translates into 

opportunities to 

study examples of 

classroom-based 

interaction that 

reflect a particular 

teaching and learning 

issue such as 

teachers’ questioning 

of student thinking. 

■ PD should enable 

this active sense 

making through 

tools, tasks, and 

resources connected 

to issues of teachers’ 

own practice. To 

accomplish both the 

understanding of the 

reforms put forward 

in NGSS and CCSS 

and specific 

knowledge about 

how to apply it 

requires “sustained, 

job-embedded, 

collaborative teacher 

learning strategies”  

NGSX1 is designed to 

support teachers in 

learning to bring 

science practices, 

particularly modeling, 

argumentation, and 

explanation into their 

classrooms. NGSX is a 

unique model of cyber-

enabled professional 

learning designed 

around learning 

pathways, each 

composed of eight units 

or 24 to 30 hours of 

engagement. Pathway 

participants, generally 

15 to 20, come together 

in a study group format 

to form a face-to-face 

learning community 

and take part in this on-

line, web-based system 

using individual 

laptops, a tablet, or 

even a smart phone. 

Each unit in the 

pathway contains 

embedded content and 

pedagogical expertise 

presented in TED like 

talks, classroom video 

cases, and an embedded 

library of supportive 

tasks, tools, and 

resources. 
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Smart, S. T. 

E. M., & 

Schools, L. 

L. F. S. 

(2016)  

how to Teach 

and Learn 

Under the Next 

Generation 

Science 

Standards 

na literature review and 

commentary. NGSS 

is not a curriculum 

but rather a guide. 

There are curricula 

being developed to 

enhance instruction 

and they are: IQWST 

(Investigating and 

Questioning Our 

World Through 

Science & 

Technology) and 

THSB (Toward High 

School Biology), and 

Project-Based 

Inquiry Science 

(PBIS). T In their 

analysis of the NGSS 

practice “planning 

and carrying out 

investigations” into 

five components, 

Duschl and Bybee 

argue for a refocus 

on science learning 

as a set of “struggle-

type experiences”  

"The Guide enumerates 

six features of quality 

teacher professional 

development: (1) 

focused on subject-

matter content over 

general pedagogical 

guidance; (2) 

responsive to the 

specific nature of 

teachers’ classroom 

practice, accounting for 

both grade level and 

instructional materials; 

(3) centered on real-life 

examples of classroom 

interaction, thus 

supporting teachers’ 

active engagement and 

problem-solving skills; 

(4) conducive of 

collaborative analysis 

and discussion, thus 

enabling teachers to 

enact the skills NGSS 

will demand of 

students; (5) sufficient 

time and duration, with 

multiple PD sessions 

spread over the course 

of the school year; and 

(6) school policy and 

practice apart from 

teacher learning must 

align with and promote 

desired changes.  
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Lerner, L. S., 

Goodenough, 

U., Lynch, J., 

Schwartz, 

M., and 

Schwartz, R. 

(2012)  

This report 

examines K-12 

science 

standards for 

fifty states and 

the District of 

Columbia, as 

well as the 

science 

assessment 

framework of 

the National 

Assessment of 

Educational 

Progress 

(NAEP). Our 

aim is to 

evaluate them 

for their 

intrinsic 

clarity, 

completeness, 

and scientific 

correctness. 

50 states Our experts 

employed new and 

improved content-

specific criteria as 

well as the “common 

grading metric” that 

has been used for all 

of the reports in this 

cycle of Fordham 

standards reviews.10 

Application of those 

criteria and the 

common metric 

yields—for every 

state in every 

subject—a two-part 

score: a tally from 

zero to seven for 

“content and rigor,” 

and a tally from zero 

to three for “clarity 

and specificity.” 

These were 

combined such that 

each set of standards 

obtained a total 

number grade, which 

was then converted 

to a letter grade  

"In both 

2005 and 2012, the 

average grade for state 

science standards 

was a minimal C. CT 

scores a C, content and 

rigor is 4/7 and clarity 

and specificity is a 2/3. 

Overall score is a 6/10. 

The Connecticut 

science standards are 

generally well written, 

with but a few scientific 

errors or badly phrased 

statements. 

Unfortunately, a 

significant amount of 

important material is 

missing, preventing the 

Constitution State from 

earning top marks 

across the board p.33 

The Connecticut 

standards are generally 

strong and cover most 

of the important topics 

in science with 

adequate depth and 

rigor.  

Reiser, B. J., 

Michaels, S., 

Dyer, E., 

Edwards, K. 

D., and 

McGill, T. 

A. (2013) 

In this paper, 

we describe a 

program for 

scaling up PD 

for three-

dimensional 

science 

learning across 

a state. 

empirical 

helpful data 

We describe a PD 

system reflecting 

these approaches. 

We then present 

analyses of the 

learning among 

teacher participants 

and consider the 

implications of these 

results for scalable 

design approaches 

for supporting 

teacher learning. 

"There are three areas 

of contrast between 

much current practice 

and the 

approaches to teaching 

and learning articulated 

in the Framework and 

NGSS  
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Reiser, B. J., 

Michaels, S., 

Dyer, E., 

Edwards, K. 

D., and 

McGill, T. 

A. (2013) 

This study 

examines the 

use of the 

practice-based 

professional 

learning model 

in an effort to 

scale up 

professional 

development 

across a 

Midwestern 

state that 

includes a 

major urban 

center, 

suburbs, and 

rural areas. 

n = 198 Quantitative. MSP 

projects generally 

provide teachers with 

80 contact hours of 

professional 

development in the 

summer, and four 

follow up days in the 

following academic 

year. The data for 

teacher growth 

comes from online 

surveys given at the 

beginning 

and end of the 

professional 

development. The 

pre-survey was 

administered online 

through a link sent 

via email to all 

participants one 

week prior to the 

start of the PD. 

The post survey was 

administered during 

the last day of the 

PD.  

"We evaluated the 

impact of the PD 

program on multiple 

aspects of the teachers’ 

knowledge, perception 

of readiness for NGSS, 

and beliefs about 

teaching and 

learning science. 

Teachers’ 3D science 

learning scores 

increased dramatically 

from pretest to 

posttest, from -0.41 to 

0.59, t(176) = 17.27, p 

< .001, effect size 1.03. 

These higher 

scores reflect more 

accurate and more 

mechanistic 

explanations for the 

phenomena 

on the posttest. The 

large effect size 

indicates a large gain in 

teachers’ science 

learning about the 

nature of matter. 

Teachers reported an 

increase in confidence 

in teaching science in 

the ways 

called for by the NRC 

Framework and NGSS; 

prior to PD many 

teachers 

were unfamiliar or not 

very confident, with a 

majority shifting to 

somewhat 

confident or confident 

after the PD.  
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Beaudoin, 

C., Johnston, 

P., Jones, L., 

and Waggett, 

R. (2013)  

The purpose of 

this paper is to 

provide a 

template for 

university 

faculty 

members who 

may wish to 

provide 

support to 

teachers. The 

support 

provided in this 

effort includes 

securing a 

grant to fund 

weeklong 

workshops for 

STEM 

teachers. 

74 teachers 

volunteered or 

were recruited 

by district 

identification 

based on 

leadership or 

need to 

participate in 

two, weeklong 

workshops. 

During the 

first week, 18 

participants 

attended the 

Biology 

session and 22 

attended the 

Geometry 

session. 

During the 

second week, 

16 and 18 

teachers 

participated in 

the Biology 

and Geometry 

sessions, 

respectively. 

The professional 

development 

offered in the present 

study incorporated 

discovery and active 

learning strategies 

that 

were specifically 

relevant to biology 

and 

geometry content. A 

weeklong workshop 

was organized with 

the above findings 

guiding the effort 

and held at the 

university. 

Workshop materials 

were developed 

through a 

collaborative effort 

by a team of 

university faculty 

and K-12 educators. 

The workshop was 

conducted twice to 

two different groups 

of teachers. 

"Mean scores for each 

item were calculated 

by subject domain and 

week (see Table 

1 and Table 2 for 

results). Overall ratings 

for all items were all 

above 3.0, which 

indicate 

a large degree of 

satisfaction with the 

workshop. Specifically, 

participating teachers 

thought all eight aspects 

included in the 

workshop were 

important and helpful. 

There 

was one exception to 

these ratings. Teachers 

rated the 

implementation of 

"clickers" the 

lowest (:c=2.9). Items 

that measured aspects 

involving the 

collaboration of 

teachers to create lesson 

plans were rated highest 

by all 

teachers and sessions." 

Erickson, A. 

S. G., 

Noonan, P. 

M., and 

McCall, Z. 

(2012)  

This study 

examines the 

online PD in 

secondary sped 

and transition. 

n = 86. 

Participants 

came from the 

mid-west and 

north-east 

mixed method. 

Quantitative. 

descriptive statistics 

and independent 

samples and paired 

sample t-tests. Goal 

attainment scale, 

case-based learning 

pre/ post assessment, 

and satisfaction 

survey. Interview. 

Results indicated that 

rural sped teacher who 

participated in online 

PD gained knowledge, 

increased personal 

capacity, to apply 

research based practices 

and complemented 

research based 

transition practices 

within their rural 

classrooms.  
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Larsen, K., 

and 

Bednarski, 

M. (2011, 

September)  

This study 

sought to 

measure the 

effect of both 

3-D models 

and a digital 

full-dome 

planetarium 

show on fifth 

grade students’ 

understanding 

and 

misconceptions 

concerning 

seasons, 

eclipses, and 

lunar phases. 

Three 

elementary 

schools from 

Bristol, 

Connecticut, 

were selected 

for this study. 

n = 106 

Teachers in each 

school received 

professional 

development in the 

use of the Earth- 

Moon 3-D model 

and t Styrofoam ball 

lunar phases 

demonstration. The 

same three questions 

were given to the 

fifth grade students 

on three occasions: 

a pretest before 

classroom 

instruction, a post-

test administered a 

few days after 

classroom 

instruction was 

completed, and a 

post-post-test 

administered several 

days after 

the planetarium 

show. 

"The results 

demonstrate that while 

instruction using 3-D 

models does increase 

student understanding 

of these topics, 

providing a planetarium 

show after instruction 

increases student 

understanding even 

further. The findings 

from this study agree 

with previous studies in 

suggesting that 3-D 

models in the classroom 

improve student 

understanding of 

astronomical concepts 

involving the sun-earth-

moon, and they further 

suggest that including a 

digital full-dome 

planetarium show on 

this topic after the 

completion of the in-

class unit results in 

additional gains in 

student understanding.  

Rienties, B., 

Brouwer, N., 

and Lygo-

Baker, S. 

(2013)  

To determine 

the effects of 

online 

professional 

development 

on higher 

education 

teachers' 

beliefs and 

intentions 

towards 

learning 

facilitation and 

technology. 

73 academics 

from nine 

HEIs in the 

Netherlands 

participated in 

a professional 

development 

program 

consisting of 

four separate 

online 

modules  

Quantitative study. 

we designed our 

modules to last for 

eight to twelve 

weeks, with 

sufficient autonomy 

and freedom for 

teachers to learn and 

reflect at a time of 

their convenience, 

with a total time 

investment of 20-25 

hours.  

"1. At the start of the 

training, taking a cut-

off value of 3.0 for the 

TPACK instrument, 

54% of the participants 

indicated that they did 

not actively use ICT in 

their teaching practice.  
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US 

Department 

of Education. 

(2016)  

The homepage 

to Math and 

Science 

program that 

gives details 

about the 

original 

funding 

requirements 

of Next Gen 

CT project. 

NA NA NA 

Next-Gen 

Science CT. 

(2016)  

A page on the 

Next Gen CT 

website that 

names and 

gives the 

origins of 

contributors to 

the project. 

NA NA NA 
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APPENDIX G:  OPEN CODES 

Note to Reader:  Coloration was used as an integral part of code organization. C = C 

Color Pseudonym 

D

R

G " 

 

Quotes 

1/ What 

is 

Inquiry Mia A G 

 

students are taught to question their world and begin to create 

answers to those questions while learning complex concepts. 

1/ What 

is 

Inquiry Mia A 1 

 get students into the process by allowing them to create 

focused, measurable questions about the concept(s) they will 

be learning 

1/ What 

is 

Inquiry Amelia G I 

 

Yes. I was trained by CT Science Center and use Inquiry in 

my class.  

1/ What 

is 

Inquiry Kendra H G 

 

Inquiry is asking questions and investigating questions to form 

explanations of the world.  

1/ What 

is 

Inquiry Kendra H 

7.

7 

 

plan and share 

1/ What 

is 

Inquiry Killi I G 

 

Students coming to their own understanding of concepts 

through exploration 

1/ What 

is 

Inquiry Killi I 6 

 

Inquiry based instruction is students come to their own 

understanding of the content 

1/ What 

is 

Inquiry Killi I 

6.

2 

 

it can be through teacher guidance and exploration and hands 

on activity 

1/ What 

is 

Inquiry Killi I 

7.

1 

 

it can be guided and scaffolded 

1/ What 

is 

Inquiry Killi I 

7.

6 

 

It can be much more open and student driven  

1/ What 

is 

Inquiry Killi I 4 

 but I also thing that often that is what science really is and it’s 

about being curious about something and really investigating 

it for extended periods of time  

1/ What 

is 

Inquiry Liam A D 

 students form questions based on real-world scenarios or 

scientific phenomena and design their own investigations to 

form conclusions.  
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1/ What 

is 

Inquiry Avery B g 

 

Student-centered minds-on learning experiences that support 

students to make their own meaning... 

1/ What 

is 

Inquiry Ava  D 

 Carefully setting up learning situations for students geared 

toward a set of learning goals, allowing time for students to 

explore and come to conclusions on their own 

1/ What 

is 

Inquiry Sophia A D 

 students discover science phenomenon and as a result make 

connections to content understanding and application of 

knowledge. 

1/ What 

is 

Inquiry Mary G 8 

 They’re are asking a lot of questions and they are trying to do 

a lot of discovery learning than front loaded teaching where 

you are kind of giving the information its more along the lines 

where you are trying to give them a direction and have them 

finding the information themselves. 

1/ What 

is 

Inquiry Mary G 7 

 picture an inquiry lesson where there are many materials out 

in the room and you don’t even give them a problem they 

come up with their own problem and their own solution 

1/ What 

is 

Inquiry Martin 

Ex

pl

or

at

ori

u

m 8 

 

she did sometime before 2010 encouraged ongoing staff to 

continue to attend inquiry workshops in a way that would be 

more time efficient than to have their staff do it case by case 

as they came 

1/ What 

is 

Inquiry Martin 

Ex

pl

or

at

ori

u

m  

 

And to me that is what defines inquiry. When they learner has 

some control over decision making and thinking and the more 

control that the learner has the more open the inquiry is and 

the more work the teacher is going to have to do to facilitate 

inquiry and bring it together to make a productive synthesis. 

1/ What 

is 

Inquiry Seth I G 

 

Inquiry instruction can take many forms and activities may 

fall on a spectrum from teacher guided to student led inquiry.  

1/ What 

is 

Inquiry Tex B G 

 inquiry is providing opportunities for students to utilize 

essential concepts in a format in which they are placed in 

positions to intentionally "trip" over questions and develop 

thoughts and paths to respond to them. 

1/ What 

is 

Inquiry Tex B 

3.

6 

 

Inquiry is really about being able to set the stage  
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1/ What 

is 

Inquiry Tex B 

2.

2 

 

It’s a cultural shift 

1/ What 

is 

Inquiry Groucho A G 

 

Proposing a question- or a problem to solve 

1/ What 

is 

Inquiry Olivia I 3 

 Inquiry based instruction is students centered approach where 

students design/ come up with own questions to investigate 

and they design their own experiments to find answers to the 

questions that they came up with. And it leads to Ideally other 

questions that they have that they further investigate on the 

chosen topic 

1/ What 

is 

Inquiry Olivia I 6 

 inquiry based instruction is student centered and a way to get 

kids to ask questions and find out answers um, through a 

variety of means such as conducting experiments  

1/ What 

is 

Inquiry Olivia I 

7.

2 

 

there are different levels of inquiry 

1/ What 

is 

Inquiry Olivia I 

7.

5 

 

guided inquiry especially when you first work with students 

and you try to model it 

1/ What 

is 

Inquiry Olivia I 8 

 

all the way to open inquiry 

1/ What 

is 

Inquiry Olivia I D 

 

Students design experiments and collect data to find answers 

and then communicate their findings and evaluate with others.  

1/ What 

is 

Inquiry Charlotte A G 

 

inquiry instruction occurs when students determine their 

question(s), and then go about figuring out the answer(s). 

1/ What 

is 

Inquiry Ethan I G 

 lesson should be amenable to cater to individual students 

interest will bring all students a clear understanding of a 

scientific phenomena. 

1/ What 

is 

Inquiry Chloe A G 

 students to seek answers /solve problems that relate to 

observations made of the natural world around them. Only 

minimal formal training. 

1/ What 

is 

Inquiry Isabella I G 

 

Students are guided during the lessons towards find 

solution(s) to the question/problem. 
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1/ What 

is 

Inquiry Anderson B 

7.

6 

 

and asking questions about it and develop some type of 

procedures to find answers to their questions 

1/ What 

is 

Inquiry Anderson B 

6.

4 

 

a moment to moment ongoing micro basis like thing like not 

answering question but trying to get them to ask questions 

1/ What 

is 

Inquiry Anderson B 7 

 

ongoing) large inquiry investigation that is going to take days 

and days um there is also the giant lab right up 

1/ What 

is 

Inquiry Anderson B 

5.

6 

 

inquiry, as just a general mindset is more important than 

inquiry as some kind of formalized theory of steps. 

1/ What 

is 

Inquiry Luke A 

0.

8 

 

Inquiry-based instruction is teaching by presenting problems 

to students, and asking them to find solutions 

1/ What 

is 

Inquiry Sahara 

Ex

pl

or

at

ori

u

m 

6.

2 

 

inquiry-based science instruction there is an opportunity to 

investigate their understanding about particular phenomena. 

So, if they have an idea about the way something works then 

an inquiry lesson would support them looking for other 

support or refute that idea. 

1/ What 

is 

Inquiry Sahara 

Ex

pl

or

at

ori

u

m 

4.

2 

 

a lot of people have trouble with what inquiry looks like. I 

think that is the struggle.  

1/ What 

is 

Inquiry Emma A 1 

 Inquiry-based instruction is having the students manipulate 

materials and explore relationships between variables and 

discover the content concepts for themselves.  

1/ What 

is 

Inquiry Emma A G 

 Inquiry instruction is when students are doing an activity and 

through the process of the activity they ask questions, make 

observations, and discover a scientific process or concept. 

1/ What 

is 

Inquiry Abigail D G 

 students engage in science explorations and discovery 

learning through the use of hands-on activities/opportunities 

to develop their science process skills and gain a better 

understanding of science concepts. 
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1/ What 

is 

Inquiry Ian 

U

C

O

N

N/ 

N

E

A

G 

0.

5 

 

scientific activity and I’m thinking about that from an activity 

theory lens 

1/ What 

is 

Inquiry Ian 

U

C

O

N

N/ 

N

E

A

G 

1.

2 

 

explain phenomena in the world and they describe problems 

that have consequence to society  

10/ 5e Sahara 

Ex

pl

or

at

ori

u

m 2 

 

some of the teachers use the 5e teaching lesson plans. I’ve 

seen it. 

10/ 5e Sahara 

Ex

pl

or

at

ori

u

m 

2.

2 

 

I wouldn’t say that it is something that is endorsed by what we 

do here. 

10/ 5e Ana D 

4.

2 

 five E model so you would have your engage phase could 

look very different in that it would be a very hands on method 

to explore, get into the topics. It could be a very, a pencil 

paper task or it could be an acted out or something like that 

and then you can get into the explore section. That explore 

section is really trying to get the kids to grapple with content 

and trying to get it very hands-on and looking at data and then 

they are looking at explain and looking at what is the meaning 

of the data and what patterns do they see and there is that 

whole evaluation end of it. I really try to thread inquiry thru 
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any science process um but it looks different depending on 

where we are in the cycle.  

10/5e Ian 

U

C

O

N

N/ 

N

E

A

G 3 

 

if you really want to know about NGSS, you should really 

look into 5e model 

10/5e Ian 

U

C

O

N

N/ 

N

E

A

G 

4.

5 

 

but I do use model-based learning. (Look at Buckley article)  

11/ 

Initial 

Teacher 

Training Esperelda A I 

 

Yes. While completing student teaching we were taught the 

inquiry-based learning technique and had to apply it within 

the classroom.  

11/ 

Initial 

teacher 

training Mia A 5 

 

I was part of a QTP program at SHU that was the foundation 

for my 6th year master’s degree in Science 

Education/Leadership 

11/ 

Initial 

teacher 

training Killi I 1 

 

No. Um. There was one course I took in my teacher 

preparation that talk about inquiry education 

11/ 

Initial 

teacher 

training Liam A I 

 

No training 

11/ 

Initial 

teacher 

training Sophia A I 

 

Many instructors don't even understand what they want 

students to learn therefore they very vague. 
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11/ 

Initial 

teacher 

training Mary G 6 

 

I didn’t have any formal training in my undergrad or graduate 

work 

11/ 

Initial 

teacher 

training Tex B 

0.

4 

 

I don’t think that I have been explicitly trained  

11/ 

Initial 

teacher 

training Tex B 

5.

6 

 

the majority of the work I did was in reading instruction/ 

literacy instruction a lot of social studies and pedagogy 

instructional, lesson planning 

11/ 

Initial 

teacher 

training Tex B 

7.

8 

 

failing to see that science is the opportunity to take all those 

things and put them together. So, there has not really been a 

focus on it for people to react on and respond to.  

11/ 

Initial 

teacher 

training Olivia I 4 

 

definitely pre-K through 6, the number of credits for science is 

nominal and again science inquiry training is minimal like 

three credits if that that 

11/ 

Initial 

teacher 

training Olivia I 

4.

5 

 

I don’t think they have enough because I don’t think they have 

90 hours of training in inquiry method and I think it more 

focused on content within the 7-12 secondary tract  

11/ 

Initial 

teacher 

training Olivia I 5 

 

they are not as knowledgeable about the effective instruction  

11/ 

Initial 

teacher 

training Olivia I 

5.

8 

 

I do think there is a huge problem that higher Ed and training 

in general of teachers is a large piece of it.  

11/ 

Initial 

teacher 

training Olivia I 

0.

2 

 or elementary teachers reach college level and there is so 

much focus on literacy and not even like content based 

literacy you know it’s you know more its literature based 

literacy 

11/ 

Initial 

teacher 

training Olivia I 

2.

2 

 

if they never really experienced it in an exciting way or like 

one that makes sense to them then they are not going to 

transfer it 
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11/ 

Initial 

teacher 

training Olivia I 7 

 

I think it’s a higher ed issue. I do not think there is enough 

done in higher Ed 

11/ 

Initial 

teacher 

training Luke A 4 

 

No, I don’t feel like I was properly trained in this area.  

11/ 

Initial 

teacher 

training Ian 

U

C

O

N

N/ 

N

E

A

G 1 

 

we focus on it quite a bit in (class in the) methods course 

11/ 

Initial 

teacher 

training Ian 

U

C

O

N

N/ 

N

E

A

G 2 

 

the majority of our methods courses are focused on that 

11/ 

Initial 

teacher 

training Ian 

U

C

O

N

N/ 

N

E

A

G 1 

 

I think we can always grow because these are people 

transitioning from sitting in lecture to trying to think about 

engaging students differently than they experienced and that 

makes it challenging.  

11/ 

Initial 

teacher 

training Ian 

U

C

O

N

N/ 

N

E 7 

 

we are trying to develop some core practices that we think are 

essential support for our new teachers we are developing so 

that when they go out they are safe to practice and one of 

those core practices is engaging students in inquiry. 
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A

G 

11/ 

Initial 

teacher 

training Ian 

U

C

O

N

N/ 

N

E

A

G 

0.

2 

 

We are working and recognize that the need to always be 

disturbing our program 

11/ 

Initial 

teacher 

training Ian 

U

C

O

N

N/ 

N

E

A

G 

1.

4 

 

we recognize the need for this stuff that happens in the context 

of if it going to be enacted and so like um we defaulted back 

to what is comfortable and traditional and let’s talk about it.  

11/ 

Initial 

teacher 

training Ian 

U

C

O

N

N/ 

N

E

A

G 3 

 

let’s put an authentic human pursuit in front of them and let 

that be the challenge that we are gonna undertake this 

semester with the intention behind the things perhaps of if 

they do that they will take up these core practices. 

11/ 

Initial 

teacher 

training Ian 

U

C

O

N

N/ 

N

E

A

G 5 

 

I think we are all recognizing that and we are having 

discussion now about you know maybe we are talking about 

something that some pursuits like we identified pursuits that 

will be accomplished as a result of this class.  

11/ 

Initial 

teacher 

training Ian 

U

C

O

N

6.

2 

 my class would be methods we are gonna go out and find an 

undergraduate classroom that is diverse that maybe students 

aren’t engaged in science and our job is gonna be how do we 

engage them in ways that are authentic and representative 
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N/ 

N

E

A

G 

discipline and that are equitable to all the students and address 

that challenge of disengagement 

12/ 

Element

ary 

Issue Olivia I 8 

 

their own experience in school with science. Probably there is 

no or nonexistent or dry and boring and so they are just not 

interested  

12/ 

Element

ary 

Issue Olivia I 1 

 

when you decide to become a teacher at that level you decide 

to teach kids to read and they just don’t have that passion 

instilled in them about science.  

12/ 

Element

ary 

Issue Olivia I 

1.

8 

 

it’s really hard to bring it in the classroom if you don’t care 

about it 

12/ The 

Element

ary 

Issue Mia A 6 

 I was a 4th grade teacher at the time and the QTP grant 

matched us to science professionals (physicists, environmental 

scientists, biologists, etc.) who came to our classrooms to 

witness the inquiry process after we were exposed to the 

process. 

12/ The 

Element

ary 

Issue Olivia I 

7.

3 

 

elementary teachers are not comfortable with science 

12/ The 

Element

ary 

Issue Olivia I 8 

 conversation with a person at the university of Hartford where 

I adjunct for a science class for education and um you know at 

most teachers might get 3 credits of science in their undergrad 

and this doesn’t make people comfortable enough 

12/ The 

Element

ary 

Issue Anderson B 2 

 

It was not a field that they pursued by choice 

12/ The 

Element

ary 

Issue Anderson B 

4.

2 

 somebody that is not particularly interested and they don’t feel 

particularly confident. Afraid that they can’t answer kids 

questions or afraid that they were not given enough time or 

resources to do it.  

12/ The 

Element Anderson B 8 

 administrators are very explicit about not giving you time to 

do it 
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ary 

Issue 

12/ The 

Element

ary 

Issue Anderson B 

8.

5 

 

math, English, language arts are much more highly supervised 

more highly invested in in terms of professional development 

12/ The 

Element

ary 

Issue Anderson B 1 

 

Time wise in terms of training and professional development 

wise its just general administrative approach “Science doesn’t 

matter” 

13/ 

Impleme

ntation 

Issues Mary G 2 

 

. I don’t use it a lot, because it takes a lot of time. In addition, 

I’m under strict time constraints to meet curricular 

requirements 

13/ 

Impleme

ntation 

Issues Mary G 4 

 

I can’t do as much inquiry as maybe I should be doing 

because of time, space and supply restraints 

13/ 

Impleme

ntation 

Issues Mary G 

4.

2 

 

if I didn’t have to get to this point by a particular date I could 

do a lot more inquiry 

13/ 

Impleme

ntation 

Issues Mary G 1 

 

that there are too many constraints on them between the 

assessments that need to be given and to get through the 

curriculum 

13/ 

Impleme

ntation 

Issues Tex B 1 

 

a term that is used a lot but not necessarily a term that is used 

correctly  

13/ 

Impleme

ntation 

Issues Tex B 

8.

2 

 

it may not be the best way for younger students because 

different levels of readiness 

13/ 

Impleme

ntation 

Issues Tex B 

1.

8 

 

it gets difficult is the time needed  

13/ 

Impleme Tex B 2 

 it is labor intensive to try to set the right kind of system in the 

beginning  
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ntation 

Issues 

13/ 

Impleme

ntation 

Issues Tex B 

3.

6 

 

(There might) be one teacher from each grade level will have 

the bandwidth  

13/ 

Impleme

ntation 

Issues Tex B 4 

 

be kind of a leader back to their teaching teams with that but I 

like that idea of that cohort of doing that 

13/ 

Impleme

ntation 

Issues Olivia I 8 

 

Well I do like the coaching model that can give teachers 

permission to take risk but the problem there is that you have 

to have teachers that are willing to take risks 

13/ 

Impleme

ntation 

Issues Olivia I 0 

 

key teachers that are I have key teachers that work on it and 

that helps the others feel comfortable and give it a try  

13/ 

Impleme

ntation 

Issues Charlotte A G 

 

full inquiry takes a LONG time to execute 

13/ 

Impleme

ntation 

Issues Charlotte A G 

 

we have to pick and choose when to do this. 

13/ 

Impleme

ntation 

Issues Ethan I I 

 

Sometimes it is hard to get students on board with connecting 

inquiry-based learning with the concepts being taught. 

13/ 

Impleme

ntation 

Issues Anderson B 

4.

8 

 

I think that some people have a mistaken sense of what 

inquiry is.  

13/ 

Impleme

ntation 

Issues Anderson B 5 

 

you give kids a whole big giant pile of stuff and make them go 

through 72 steps 

13/ 

Impleme Luke A  

 I also feel there are teachers, like myself, that would use it 

more if trained properly 
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13/ 

Impleme

ntation 

Issues Ian 

U

C

O

N

N/ 

N

E

A

G 4 

 

I think there are ways you can be saying you are using the 5e 

model and not really engaging students authentically 

14/ 

Explorat

orium Martin 

Ex

pl

or

at

ori

u

m 2 

 

fairly ambitious group from Wallingford CT came to the 

institute of inquiry big fundamentals of inquiry workshop 

14/ 

Explorat

orium Martin 

Ex

pl

or

at

ori

u

m 6 

 

staff (Exploratorium) was able to work with teachers 

supporting inquiry and they were able to become a permanent 

fixture in CT . 

14/ 

Explorat

orium Sahara 

Ex

pl

or

at

ori

u

m 

3.

5 

 Exploratorium is a hands on museum here in San Francisco 

um its serves (Indecipherable)…um physics content and 

planning. Unless we have a small portion of exhibits dedicated 

to social science, behaviors, and then a few a gallery for 

biology. The museum was start; I do not know the exact date 

(by Frank Oppenheimer in 1969, Wikipedia). Frank 

Oppenheimer, one of the brothers that developed the atomic 

bomb and he, his intention was to create a to interact with 

science um in fun and information ways. 

14/ 

Explorat

orium Sahara 

Ex

pl

or

at

ori

u

m 7 

 So from that start of the teacher institute most of our core 

teaching is like three weeks summer institute is from the San 

Francisco area but we take teachers from all over the world 

actually we have some international teachers from other states 

and they come for three weeks and they do kind of a potpourri 

of different activities all really kind of hands on science that 

focuses on inquiry science and a lot of activities that we 
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engage teachers on are kind of smaller versions of what the 

teachers are doing on the museum floor. 

14/ 

Explorat

orium Sahara 

Ex

pl

or

at

ori

u

m 1 

 two weeks now it three week program and its 200 hours (let 

me look exactly) (3:28) um and so we are a middle school and 

high school institute. There are 25 teachers in each program 

and I think they spend their morning doing anything from 

perception to what makes up sound and light. In the afternoon, 

they have electives and they have shop time when the teachers 

go into a wood shop and they can build these kinds of snap 

activities to bring into their classroom. 

14/ 

Explorat

orium Ana D 7 

 of professional development from the Exploratorium out in 

San Francisco…and so that is what’s really where I first saw it 

and then probably just seeing it in articles and in workshops or 

whatever. 

15/ Prof. 

Develop 

by state Kendra H I 

 

I also train Inquiry for my district. 

15/ Prof. 

Develop 

by state Avery B I 

 PLC focused on NGSS practices and have focused on 

modeling, constructing explanations and engineering 

challenges. 

15/ Prof. 

Develop 

by state Mary G 6 

 

I don’t think we are doing very well 

15/ Prof. 

Develop 

by state Mary G 6 

 

I don’t think that there is a big push to educate the teachers on 

how to use it 

15/ Prof. 

Develop 

by state Seth I I 

 

out of district seminars, as well as continuing education 

courses 

15/ Prof. 

Develop 

by state Tex B 7 

 

There wasn’t a lot of explicit training for sciences because our 

primary focus has been on reading, writing and mathematics.  

15/ Prof. 

Develop 

by state Tex B 3 

 

going to find that middle and high school teachers are going to 

come on board (NGSx) 

15/ Prof. 

Develop 

by state Tex B 

3.

2 

 

maybe not elementary schools 
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15/ Prof. 

Develop 

by state Tex B 5 

 

...the purely online piece that NGSx CT ... has developed...is 

good for developing a base line 

15/ Prof. 

Develop 

by state Tex B 5 

 

It’s going to be something that is very valuable. 

15/ Prof. 

Develop 

by state Olivia I 

5.

5 

 

I also just wen t through the states NGSX training to be a 

facilitator 

15/ Prof. 

Develop 

by state Olivia I 6 

 

very formal training and that was 90 hours , sixty hours of 

training and that is all inquiry based 

15/ Prof. 

Develop 

by state Olivia I 

7.

6 

 they (State Department of Education) have decided to put a 

support system in place before throwing it at teachers kind of, 

like what happened with common core.  

15/ Prof. 

Develop 

by state Olivia I 

8.

1 

 NGSX and they trained 20 of us throughout the state to be 

facilitators and the idea is kind of like a pyramid and there are 

20 people who are experts on NGSX 

15/ Prof. 

Develop 

by state Olivia I 3 

 it was enlightening and its inquiry and it is the next level and 

it’s going deep and its NGSx the biggest shift is through the 

practices which the inquiry, a lot of inquiry stuff. 

15/ Prof. 

Develop 

by state Anderson B I 

 

Yes, but through outside PD, not by my district. 

2/ Prof. 

Develop 

@ 

school Mia A I 

 

my personal experiences have trained me but these were 

experiences I have sought and are not offered to all my 

colleagues; 

2/ Prof. 

Develop 

@ 

school Mia A  

 

We are currently in the early stages of targeting science 

lessons and infusing inquiry-based instruction into them. 

2/ Prof. 

Develop 

@ 

school Amelia G G 

 

The exploration of science content by generating questions 

(teacher or student) that are then investigated through research 

or experimentation. 

2/ Prof. 

Develop 

@ 

school Kendra H I 

 

Yes. I was trained by CT Science Center and use Inquiry in 

my class.  
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2/ Prof. 

Develop 

@ 

school Kendra H 

3.

8-

5 

 trained in the second phase of inquiry at the CT Science 

Center too. I also trained people in inquiry. I worked with 

harry for a couple of summers. I trained some people in 

Monroe. And then I trained for Frank (Labanca) last year and 

this year for a whole week 

2/ Prof. 

Develop 

@ 

school Killi I I 

 

I have received occasional PD or taken classes on inquiry-

based instruction.  

2/ Prof. 

Develop 

@ 

school Killi I 2 

 

PD or teacher support by the district or ongoing methods of 

using inquiry in the classroom…. no 

2/ Prof. 

Develop 

@ 

school Avery B I 

 My department colleagues and I have engaged past PD around 

experimental inquiry and have shifted investigations to the 

beginning of instructional cycles so students are uncovering 

concepts and having common experiences rather than 

verification labs. 

2/ Prof. 

Develop 

@ 

school Mary G G 

 

somewhat - very little PD from the district, just learning on 

my own 

2/ Prof. 

Develop 

@ 

school Seth I I 

 

My training has come from both in-district professional 

development seminars 

2/ Prof. 

Develop 

@ 

school Tex B I 

 

No.  

2/ Prof. 

Develop 

@ 

school Tex B 7 

 

it’s all about timing for the teachers  

2/ Prof. 

Develop 

@ 

school Tex B 

7.

5 

 

we get to a point of saturation and I don’t want to be a part of 

the next thing just for the sake of doing the next thing 

2/ Prof. 

Develop Tex B 1 

 we get to a point of saturation and I don’t want to be a part of 

the next thing just for the sake of doing the next thing 
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@ 

school 

2/ Prof. 

Develop 

@ 

school Olivia I 1 

 

If your including by my district then I would say no 

2/ Prof. 

Develop 

@ 

school Olivia I 2 

 

At the district level, they have not been supportive. 

2/ Prof. 

Develop 

@ 

school Olivia I 

2.

8 

 

within our district there is not enough training 

2/ Prof. 

Develop 

@ 

school Olivia I I 

 

Yes. I have had a lot of professional development around 

inquiry.  

2/ Prof. 

Develop 

@ 

school Charlotte A I 

 

Yes, have had training 

2/ Prof. 

Develop 

@ 

school Logan A I 

 

Not really 

2/ Prof. 

Develop 

@ 

school Ella A I 

 

Yes 

2/ Prof. 

Develop 

@ 

school Ethan I I 

 

I have been trained but most students do not have legitimate 

inquiry-based experience in the classroom until 6th or 7th 

grade 

2/ Prof. 

Develop 

@ 

school Chloe A I 

 

Only minimal formal training. 

2/ Prof. 

Develop Isabella I I 

 Yes. I have personally sourced and participated in several 

professional development activities to improve my teaching. 
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@ 

school 

2/ Prof. 

Develop 

@ 

school Anderson B 7 

 

I have (been trained )but that is not, the typical teacher at least 

my district has not been. I did a million dollar MSP grant. It 

was based in Danbury, it involved New Milford as well. 

2/ Prof. 

Develop 

@ 

school Anderson B 

4.

6 

 , some course work, a week inquiry workshop. Next thing you 

know it was three years and 500 hours course work. The 

administration you know the person who ran it, Harry 

Rosevally. He could be an interesting source to speak to for 

one reason or another.  

2/ Prof. 

Develop 

@ 

school Anderson B 

5.

5 

 But it takes an amazing amount of training to make someone 

comfortable with covering what they are supposed to cover in 

that amount of or way. So, I think time is a huge factor and at 

the same time professional development is a huge thing. 

Especially as NGSS kind of comes into play. Even if we 

haven’t adopted it yet there is still enough about instruction 

that their still needs to be a lot of training for teachers to really 

do what they should do. It seems like a really nice set of 

standards so it would be nice if people really learned how to 

do it right. 

2/ Prof. 

Develop 

@ 

school Anderson B 

1.

5 

 There is basically zero attention paid to science professional 

development. At least at the district level. I will say that when 

we adopted the most recent set of Connecticut standards we 

really did get support in transitioning from the old system. 

You know we had someone that worked on the new standards 

and worked with us as a grade level multiple times and they 

supplied us with materials for the new units that had to be 

done. Especially in fifth grade, they changed completely. 

So…in that sense they were very good in response to a major 

overhaul thrown on them from the state. That being said, that 

was the last time there was any meaningful professional 

development of any kind. That’s been 10 years or something. 

2/ Prof. 

Develop 

@ 

school Anderson B 

5.

5 

 So, we literally have nothing. So, what we have in Newtown 

at least is I know that there is a wide range of how it is 

supported but we have four elementary building and each 

there is a math/ science specialist. They are actually math 

specialist. They append the word science at the end of it. 

There is really little time given (because) math is such a high 

priority. You know they might order materials for teachers 

and the teacher demonstrates a lesson or is in the room.  
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2/ Prof. 

Develop 

@ 

school Anderson B 1 

 You know at the secondary level; your teachers are all 

specialists. But in the elementary you have you know a bunch 

of teachers who are at best experienced teaching a unit or 

coincidentally they have some science background. They are 

like oh, that stuff that I don’t really know or have time for. It 

would be nice to kind of bring it down to two or three more 

grades. You know to support the staff. 

2/ Prof. 

Develop 

@ 

school Anderson B 1 

 It is difficult for one person to transfer knowledge learned 

through three years and three full weeks of inquiry training 

and to get everyone on board for it. It’s even hard when you 

have that much experience and training. I guess it really boils 

down to good support and PD in the district. I guess that is 

really what it boils down to.  

2/ Prof. 

Develop 

@ 

school Anderson B 3 

 The one in fifth grade they have the guided part first and then 

the second part is creating their own investigation based on 

some variable they want to test. Or, for years teachers just do 

the first part. That’s not even the point. Part 1 is so you will 

have the basis for going on to the real work and your like 

teachers are scared of that and they don’t have to do that and 

I’ve gone in and done that phase of the lesson and the teachers 

are like that is so cool I didn’t know it was that easy. I just let 

them come up with this stuff on their own. They just aren’t 

exposed to it. 

2/ Prof. 

Develop 

@ 

school Sahara 

Ex

pl

or

at

ori

u

m 

5.

5 

 That kind of here at the museum what we do but we also have 

um that are hands on activities a couple of them and then we 

also have a website that has these little small hands on 

activities that teachers can do and then we also have a 

YouTube channel that teachers can access a YouTube channel 

where some of our staff teach them how to use these 

programs. We use these programs with local bay area schools 

and I’m not too sure if the teachers you are working with have 

lived or taught in the bay area or if they have always been 

kind of our PD people. 

2/ Prof. 

Develop 

@ 

school Sahara 

Ex

pl

or

at

ori

u

m 4 

 

are multiple entry points that teachers can come into our work 

and find something that is meaningful for them. 
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2/ Prof. 

Develop 

@ 

school Sahara 

Ex

pl

or

at

ori

u

m 

5.

5 

 

We really focus on low cost materials and resources so we 

really try to keep the cost down so teachers can replicate and 

use them in the classroom. 

2/ Prof. 

Develop 

@ 

school Sahara 

Ex

pl

or

at

ori

u

m 6 

 

I think variation, low cost materials and pay them.  

2/ Prof. 

Develop 

@ 

school Sahara 

Ex

pl

or

at

ori

u

m 

6.

2 

 

And teachers, especially teachers here, I think it is because we 

have a history of thinking about inquiry. The teachers are 

really like hanging onto the practices. They like them. They 

make sense. They are like I can do that. 

2/ Prof. 

Develop 

@ 

school Sahara 

Ex

pl

or

at

ori

u

m 1 

 

Not only do they need PD but they also need sustained PD. 

They need opportunities to see what others are doing. 

2/ Prof. 

Develop 

@ 

school Emma A 

3.

2 

 

No (no inquiry training) 

2/ Prof. 

Develop 

@ 

school Emma A I 

 

No training 

2/ Prof. 

Develop 

@ 

school Abigail D I 

 

Somewhat 
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2/ Prof. 

Develop 

@ 

school Ana D 

3.

5 

 

being exposed to really high quality programs I think was vital 

to my effectiveness as a classroom teacher 

3/ What 

kids do Kendra H G 

 

In inquiry, learners direct or "control" their learning choices 

3/ What 

kids do Kendra H 

7.

5 

 

choice 

3/ What 

kids do Kendra H 

0.

5 

 

they do research or websites or whatever it is they want to do 

3/ What 

kids do Kendra H 1 

 They get easily frustrated because you are not always giving 

them the answer. My kids are saying to me all the time, Miss 

Manning can’t you just tell us. I’m like no I cannot. At the end 

of the year survey, those are the activities they like the best. 

They have to figure out or talk about. 

3/ What 

kids do Killi I 1 

 a teacher might give a topic to generate questions about a 

natural phenomenon 

3/ What 

kids do Killi I 2 

 explore an experiment they may do their own research or 

maybe they do different hands-on activities that really, they 

are designing and analyzing; they're exploring on  their own to 

answer their own questions 

3/ What 

kids do Killi I 1 

 bring in a lot of peer-to-peer discourse and students learn a lot 

not only from their own explanation and explorations but also 

from discussion with their peers. They can talk about it and 

work with each other and have that peer to peer interaction 

3/ What 

kids do Killi I 1 

 They (kids) had about a week and half to design build test and 

then redesign and rebuild bridges and it was really cool to see 

students learn from each other in the building of bridges and 

to redesign bridges and the bridges at the end were able to 

hold 15 pounds. 

3/ What 

kids do Avery B g 

 Students work collaboratively to uncover, develop and 

challenge ideas. 

3/ What 

kids do Mary G  

 They guide the learning process instead of the teacher guiding 

the process. They choose how and what to experiment with. I 

is also a questioning technique use to spark a child's interest in 

learning a topic.  

3/ What 

kids do Mary G G 

 They guide the learning process instead of the teacher guiding 

the process. They choose how and what to experiment with. I 

is also a questioning technique use to spark a child's interest in 

learning a topic.  
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3/ What 

kids do Tex B 

4.

4 

 

a way for the kids to make use of the resources 

3/ What 

kids do Tex B 6 

 give them a broad definition of what I want them to do so they 

really have to make sense of the skill that I want them to learn. 

3/ What 

kids do Tex B 

7.

5 

 asking a question about some idea that is out there and giving 

students tools to be able to take data and get information and 

bring it back so we can develop a clear understanding of what 

the principle is that was being discussed initially  

3/ What 

kids do Tex B 

1.

6 

 they are able to showcase (their findings) and develop their 

collaboration methods. 

3/ What 

kids do Tex B 3 

 So, we made um we talked about how different things can 

respond to different textures so that different stimuli and what 

we might be expecting with it. So, we have kids working 

through how to hypothesize how they might respond to 

different type of stimuli based on options I had out there for 

them to choose from. That is part of the different pieces they 

want to use to generate an investigation for it and then bring 

all the data back for it so as a group now based on this 

questions that we are asking 

3/ What 

kids do Olivia I 

3.

4 

 inquiry where the teacher has to help the kids make 

connections. 

3/ What 

kids do Olivia I 7 

 

students ask questions and find answers for themselves 

3/ What 

kids do Olivia I 3 

 start with an interesting phenomenon and they look at teal life 

because we have some really great resources here like our 

vivarium or our aquatics lab 

3/ What 

kids do Olivia I J 

 would observe a stream on campus and generate notice and 

wonders about the biodiversity. Then they would observe the 

biodiversity of the river it fed into at the mouth. Students 

would generate questions around how the biodiversity 

compares and design an investigation about the overall health 

of the tributary and the river. Students would analyze their 

data and then share it out with the school community and then 

with the organization that maintains the main river that runs 

through the city. 

3/ What 

kids do Anderson B 

7.

5 

 

letting them kids explore 

3/ What 

kids do Anderson B 

5.

5 

 there is kind of a general day-to-day thing you are trying to 

get them to answer questions. You are trying to get them to 

think. 
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3/ What 

kids do Anderson B 

2.

8 

 

kids generate questions that they want to investigate 

3/ What 

kids do Anderson B 3 

 figuring out answers to questions as opposed to be just handed 

some content. 

3/ What 

kids do Anderson B 

0.

2 

 a performance task in which you have a boring procedure and 

then you design your procedure from start to finish. Coming 

up with a question and then designing how you will carry out 

the test the whole analysis phase after that including sharing 

with the class like what type of results you have  

3/ What 

kids do Anderson B 

1.

5 

 having them notice patterns in that data (day length) so they 

would come up with questions as to why that would be the 

case and make prediction as to what is going to happen next. 

3/ What 

kids do Luke A J 

 students would be creating water treatment plants for a local 

town, creating surface water drainage systems, or building an 

apartment complex next to a wetland environment. 

3/ What 

kids do Sahara 

Ex

pl

or

at

ori

u

m 

7.

4 

 

inquiry based study gives kids an opportunity to mess around 

with their ideas and try to evidence about what they 

understand and if they do not then they try to figure out what 

makes sense. 

3/ What 

kids do Ana D 8 

 we will be focused on will be the students came up with so 

you know we go back to the pond and it like “Who lives in the 

pond?” And “What are we going to find?” Just having a broad 

open-ended question to hone or skills and observations. Then 

at that point based on the observations and discovery our 

direction of inquiry could go in a variety of directions.  

3/ What 

kids do Ian 

U

C

O

N

N/ 

N

E

A

G 5 

 I know you have seen that imploding tanker car. 

https://youtu.be/Zz95_VvTxZM. We’ve used electrostatic 

energy demonstrations and so we are you know and typically 

you can show those and they are interesting enough that you 

would ask or a problem find something that is hard to explain 

but as a teacher you know that there is some really core 

scientific ideas if put on the table students could reason about 

and make some sophisticated explanation of them over the 

course of a unit. 

3/ What 

kids do Ian 

U

C

O

N

7.

5 

 

make a model of it/ a representation with drawing or writing 

magnification specific unseen parts that may be there acting 

on the system and then I would after those initial models are 
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N/ 

N

E

A

G 

created we would try to think about are there any ideas that we 

should start exploring that might help us explain this better. 

4/ 

Advanta

ges of 

Inquiry Mia A  

 

They (students) learn so much better when they are invested in 

all phases of the process.  

4/ 

Advanta

ges of 

Inquiry Kendra H 

1.

5 

 

gives increases engagement 

4/ 

Advanta

ges of 

Inquiry Kendra H 

2.

5 

 

the wizard behind the curtains 

4/ 

Advanta

ges of 

Inquiry Mary G G 

 

It is also a questioning technique use to spark a child's interest 

in learning a topic.  

4/ 

Advanta

ges of 

Inquiry Tex B 7 

 I like to set the stage, have the resources for them, and be able 

to go after them and be able to see what they understand 

because that gives me a better understanding of what they are 

actually knowing.  

4/ 

Advanta

ges of 

Inquiry Tex B 

2.

1 

 

towards the end, it is something that I think can run very 

smoothly.  

4/ 

Advanta

ges of 

Inquiry Olivia I 2 

 

Its true I think optimally as long as it’s authentic. The more 

authentic the more optimal 

4/ 

Advanta

ges of 

Inquiry Olivia I 3 

 

exploring with inquiry real fish in front of them or real water 

quality 

4/ 

Advanta

ges of 

Inquiry Anderson B 

6.

4 

 

I have time the luxury of time in class but their also could be 

so much more in a meaningful if there was more time to do 

the stuff it does take time to go deeper 
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4/ 

Advanta

ges of 

Inquiry Anderson B 

6.

5 

 People don’t do part two because they don’t have time, they 

are scared to let kids go off in an unstructured direction or 

they don’t feel like the kids would be able to do it or like they 

would be able to facilitate it 

5 & 2 Anderson B 

4.

5 

 Thirty in the whole grant. They were mostly Danbury teachers 

and a few k-6. I know you are middle school but this is the 

kind of k-6. I don’t know if…this was the second cohort to go 

through it. 

5/ CT 

Science 

Center Kendra H 

2.

8 

 

Exploratorium/ CT Science Center 

5/ CT 

Science 

Center Martin 

Ex

pl

or

at

ori

u

m 

4.

4 

 

one of the people from Wallingford, she was the science 

curriculum coordinator, she went on to become the education 

director of the CT Science Ctr. 

5/ CT 

Science 

Center Martin 

Ex

pl

or

at

ori

u

m 

3.

4 

 

she literally as the time in 2005 came to the fundamentals of 

inquiry and the other workshops in Wallingford had done and 

then CT science center did in the future on formative 

assessment 

5/ CT 

Science 

Center Martin 

Ex

pl

or

at

ori

u

m 5 

 

SO at least seven people came in addition to a number of 

workshops in 2012 and 2013 

5/ CT 

Science 

Center Martin 

Ex

pl

or

at

ori

u

m 

0.

4 

 And then in 2013, these were people that were staff scientist 

and math specialist and reading specialist and research 

evaluations to theater managers so they really thought of 

everyone on the staff as being educators and wanted them to 

understand inquiry not just so they could work with teachers 

but so they could become something that would infuse the 

entire science center with inquiry.  
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5/ CT 

Science 

Center Martin 

Ex

pl

or

at

ori

u

m 

1.

6 

 

So, they are really, for almost a decade, there was a yearly 

group of people um coming or we were in contact because 

people from the science center  

5/ CT 

Science 

Center Martin 

Ex

pl

or

at

ori

u

m 

2.

8 

 

It’s been a really long-standing relationship with the district or 

the going on a decade so science center for a decade. 

5/ CT 

Science 

Center Olivia I 6 

 

before I came they, all had the inquiry institute 

5/ CT 

Science 

Center Anderson B 7 

 

I did a million dollar MSP grant. It was based in Danbury, it 

involved New Milford as well. 

5/ CT 

Science 

Center Anderson B 1 

 over five hundred hours of professional development over 

three years. You know ranging from graduate level course 

work to inquiry weeklong workshops at the Connecticut 

science center. 

5/ CT 

Science 

Center Anderson B 7 

 Yeah. That was one component of it. It was a three-part 

course. It start out of Exploratorium in San Francisco. It was 

based out of Connecticut Science Center and it was an 

ongoing professional development option to go there during 

the summer. Because it had a large group of teachers. They 

sort of sent the resource to us. The CT Science Center is a nice 

resource.  

5/ CT 

Science 

Center Anderson B 2 

 They if you go to their web site and you will see multiple 

weeks of offering of these programs. It is a 6-7 hour day, 5 

day a week. Sometimes a district reserves them for their 

teachers or sometimes it’s just a pile of teachers who have 

signed up individually from different districts. It was pretty 

much that we booked them for a week. 

5/ CT 

Science 

Center Sahara 

Ex

pl

or

at 1 

 

about the Connecticut science center. My guess would be that 

they have had either come here for PD or we had some contact 

with them from somewhere else. 
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ori

u

m 

5/ CT 

Science 

Center Ana D 8 

 . It was at the time the Connecticut Science center opened up 

and we were offered opportunities to attend their inquiry 

institute and I was disappointed at the quality of the training 

and attended their first one week training. It didn’t give me 

any new information. I networked for a while and I night have 

gotten some new resource and things of that nature but it was 

disappointing to me.  

6/ How r 

doing w 

Inquiry 

Training Kendra H 

0.

8 

 

district does a fairly good job offering 

6/ How r 

doing w 

Inquiry 

Training Kendra H 2 

 

My school does a phenomenal job because Frank does an 

excellent job.  

6/ How r 

doing w 

Inquiry 

Training Kendra H 3 

 

Connecticut does a fairly good job 

6/ How r 

doing w 

Inquiry 

Training Killi I 

0.

2 

 

Teachers are really good at teaching the parts of the cell and 

making these really great looking cell models 

6/ How r 

doing w 

Inquiry 

Training Killi I 2 

 we really don’t do a great job of teaching inquiry based 

learning now and then teaching students how to explore with 

embedding different science practices in term of teaching 

different science processes  

6/ How r 

doing w 

Inquiry 

Training Esperelda A 2 

 

large push to use inquiry-based learning in the classroom and 

it continues to be used within the science classrooms regularly 

many educators 

6/ How r 

doing w 

Inquiry 

Training Olivia I 

5.

5 

 

we are doing ok 

6/ How r 

doing w Olivia I 

1.

8 

 pockets of where it is being executed really well if you are 

thinking about the state. 
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Inquiry 

Training 

6/ How r 

doing w 

Inquiry 

Training Anderson B 

5.

8 

 I’d say globally…I am limited but through NGSS draft 

process and I ended up doing some work for NSTA that were 

like 55 educators from all over the country to review resources 

that are useful for teaching in a three dimensional NGSS kind 

of way and because there is so little good stuff out there. They 

just went like with their resources and how to use them and 

how to make them a little more NGSS three-dimensional. 

6/ How r 

doing w 

Inquiry 

Training Anderson B 8 

 From the news, you always are hearing about stem. No one 

really knows what that is. Everyone just says stem….sound 

like the hot topic. There is awareness but the implementation 

in the classroom is…at least at the level I have experience 

with and locally because I happen to get involved in this 

program I became aware of it and I started teaching that way. 

6/ How r 

doing w 

Inquiry 

Training Ana D 

4.

4 

 we need to ground our teachers more and look at standards 

and translate them into inquiry effective practice so there is 

that alignment and I also think that we need to content wise do 

a better job in that spiral for example I not sure if you know 

this or not but 5th grade has no life science in their curriculum 

at all.  

7/ Real 

world 

applicati

on Kendra H 3 

 

real world application 

7/ Real 

world 

applicati

on Luke A 1 

 

I believe that real-world application is the strongest tool that 

any teacher can use in their classroom. 

7/ Real 

world 

applicati

on Luke A 

1.

5 

 

present the students with an issue that is real, then you can see 

their best work because they can relate to the issue 

7/ Real 

world 

applicati

on Sahara 

Ex

pl

or

at

ori

u

m 8 

 

When you think about NGSS there has been bringing that, 

meaning about to bring science more relatable to student lives 

and the questions kids have in the communities and kind of 

how to bring things through how to make science more 

meaningful to kids. 
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8/ Use/ 

Methods 

of 

inquiry Kendra H G 

 

role of the teacher in this case is to be wizard behind the 

curtain and the facilitator of learning. 

8/ Use/ 

Methods 

of 

inquiry Kendra H 5 

 

twice a week. Most of the time. 

8/ Use/ 

Methods 

of 

inquiry Killi I 5 

 

I would say that some form of hands-on inquiry will activity 

or lab or exploration 

8/ Use/ 

Methods 

of 

inquiry Killi I 

5.

5 

 

2-3 times per week 

8/ Use/ 

Methods 

of 

inquiry Martin 

Ex

pl

or

at

ori

u

m 1 

 

it is really important to put learners in the position where they 

have some control over the thinking and practices that are 

required to do that seemingly simple thing that you know um 

answer questions that they are really interested in. 

8/ Use/ 

Methods 

of 

inquiry Martin 

Ex

pl

or

at

ori

u

m 3 

 

Often the teacher might give the question to the student but 

they might let the student try to plan the investigation 

8/ Use/ 

Methods 

of 

inquiry Tex B 

6.

4 

 

lead kids through the area is and they have the opportunity to 

be able to acquire additional knowledge  

8/ Use/ 

Methods 

of 

inquiry Esperelda A 1 

 The teacher is often the facilitator and poses questions, 

problems or scenarios to the students. Rather than presenting 

just facts the student can then research issues and questions to 

develop their critical thinking skills 

8/ Use/ 

Methods Olivia I 1 

 

it would be anytime um content new content is introduced. 
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of 

inquiry 

8/ Use/ 

Methods 

of 

inquiry Olivia I 2 

 help the elementary teachers to see that literacy and science do 

not have to be taught in isolation and through the comfort 

level of literacy and to help them to get better at teaching 

science. 

8/ Use/ 

Methods 

of 

inquiry Olivia I 

2.

5 

 if they are comfortable teaching a literacy unit on living things 

then how does that translate into what they are doing in 

science and how does that mesh together so that it doesn’t feel 

like oh know I have to teach science in this different way 

8/ Use/ 

Methods 

of 

inquiry Olivia I 3 

 use the same types of techniques because they are better at 

doing like inquiry or student centered stuff with the literacy 

program than they are with the science and helping them see 

that there is this connection and it doesn’t have to be like this 

total isolation. 

8/ Use/ 

Methods 

of 

inquiry Olivia I 

4.

4 

 

practices of teacher centered learning and so if they are doing 

something in literacy that is an effective strategy then they can 

do the same thing in science 

8/ Use/ 

Methods 

of 

inquiry Olivia I 

5.

5 

 

hands-on science like that ties into their science curriculum as 

well so teaches them literacy that they are trying to get. 

8/ Use/ 

Methods 

of 

inquiry Olivia I 8 

 

we are going where their comfort zone is and transfer into 

science and still feel comfortable. 

8/ Use/ 

Methods 

of 

inquiry Olivia I I 

 

That is how we do introduction to new concepts. So, it’s 

supposed to be use throughout and go back the questions 

generated and go back to them. 

8/ Use/ 

Methods 

of 

inquiry Olivia I 

0.

2 

 

All the time 

8/ Use/ 

Methods 

of 

inquiry Olivia I 

2.

1 

 

our curriculum is inquiry based, project based learning so yes, 

the projects that we plan are inquiry 
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8/ Use/ 

Methods 

of 

inquiry Olivia I 

3.

5 

 teachers are supposed and when we plan we come up with the 

drive that ensures that the with that the labs that would go 

with you now the lab experiences or simulation s that go along 

with it 

8/ Use/ 

Methods 

of 

inquiry Charlotte A G 

 

Most daily labs have some elements of inquiry, but not full 

inquiry. 

8/ Use/ 

Methods 

of 

inquiry Anderson B 

1.

2 

 

small, you know momentary teachable moment 

8/ Use/ 

Methods 

of 

inquiry Anderson B 

1.

6 

 

to really do a whole inquiry kind of activity it becomes a more 

time consuming type of activity 

8/ Use/ 

Methods 

of 

inquiry Anderson B 

2.

4 

 

a couple times a month 

8/ Use/ 

Methods 

of 

inquiry Anderson B 8 

 At this level, we are somewhat more compartmentalized 

because we an intermediate school and its more math and 

science but science is very secondary and everybody 

background is very elementary so science is just like 

something hard that I don’t know about as opposed to this is 

my thing. So, there is a lot of different backgrounds and buy 

in and exposure to science stuff at this level than at the middle 

school. 

8/ Use/ 

Methods 

of 

inquiry Anderson B 8 

 At this level, we are somewhat more compartmentalized 

because we an intermediate school and its more math and 

science but science is very secondary and everybody 

background is very elementary so science is just like 

something hard that I don’t know about as opposed to this is 

my thing. So, there is a lot of different backgrounds and buy 

in and exposure to science stuff at this level than at the middle 

school. 

8/ Use/ 

Methods 

of 

inquiry Anderson B 3 

 there are times when you have to communicate actual 

information or sometimes for efficiency or sometimes you 

really can’t have kids do a little kind of discovery lesson in 

what would happen in a zero gravity environment.  
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D

R

G " 

 

Quotes 

8/ Use/ 

Methods 

of 

inquiry Anderson B 4 

 So, there are times when an animation or some text or a 

demonstration is more efficient or even more effective than 

going through some stuff or doing a long drawn out process 

for a more discreet fact.  

8/ Use/ 

Methods 

of 

inquiry Sahara 

Ex

pl

or

at

ori

u

m 1 

 Everything is inquiry based. Um so we really engage teachers 

as science learners in the activities so we um a typical day a 

teacher will go out on the museum floor and interact with one 

of the exhibits that is located by one of the PD teacher/ 

facilitators so we would do what do you notice? You know 

ask them what do they notice? And ask about the exhibit? And 

figure out what is going on with that particular exhibit and 

then we will go back to the classroom and do some kind of 

smaller version of what we did on the museum floor? And 

have this white wall that has three colored lights and we get 

three different shadows so we mess with that. And we will 

show them different activities that are related to that museum 

exhibit.  

8/ Use/ 

Methods 

of 

inquiry Ana D 

3.

8 

 continuum for inquiry and would pull great graphic developed 

by Exploratorium seen in a lot of research based books. 

Shows what inquiry looks like from a guided teacher centered 

to how it looks when it is more student centered and I would 

use that as the basis for my conversation. 

8/ Use/ 

Methods 

of 

inquiry Ana D 4 

 

I would try to be aspects of inquiry in each one of those days.  

8/ Use/ 

Methods 

of 

inquiry Ian 

U

C

O

N

N/ 

N

E

A

G 2 

 

inquiry would be trying to situate students in those same types 

of opportunities in those same pursuits and trying to give them 

opportunities to explain phenomena which involves creating 

and explaining models and argument from evidence 

8/ Use/ 

Methods 

of 

inquiry Ian 

U

C

O

N

N/ 

N

E 1 

 

I want my students to be able to focus on engaging secondary 

students in scientific activity 
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Color Pseudonym 

D

R

G " 

 

Quotes 

A

G 

8/ Use/ 

Methods 

of 

inquiry Ian 

U

C

O

N

N/ 

N

E

A

G 6 

 

like more ambitious science teaching approaches where you 

do planning, you look to elicit students’ ideas. You develop 

their ideas and press them for evidence-based explanations.  

9/ How I 

got here Tex B 

5.

2 

 

I started out pre-med but then finished off k-8 certified. 

9/ How I 

got here Anderson B 

3.

4 

 Of course, my original cert area was secondary social 

studies…. but gradually over the years as you teach with 

ladies who do not want to touch bugs or anything I became the 

science guy. 

9/ How I 

got here Anderson B 4 

 an email from the superintendent and our admin was willing 

to support leaving out of the district for a prolonged period of 

time for quality professional development.  
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Axial Codes 

How inquiry is defined. 

How do people teach with inquiry 

Inquiry Instruction problems 

Elementary Educator Fear 

Use of Literacy to integrate science methods 

How do kids learn from inquiry 

Inquiry misconceptions 

Life history 

How I got here. 

Professional Development 

Professional Development and Ongoing Support/ State Level 

School 

State 

Professional Development and Ongoing Support/ School Level 

Support 

CT Science Center 

Teacher Preparation 
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Theme Sub-theme 

Teach  

 Participant Life Story 

 Pedagogy 

Process  

 Real World Application 

 Continuum of Inquiry 

Impasse  

 How are we doing with Inquiry Training 

 Implementation Issues 

 Administrative Issues 

Develop  

 Professional Development at Your School 

 Professional Development by the State 

Support  

 Improved Initial Teacher Training 

 Teacher-Led Craft Enhancement 

 Administrative Enhancement 
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APPENDIX J:  CODING PROGRESSION 

Code Axial Codes Theme Sub-theme 

What is inquiry?  How inquiry is defined. Teach  

PD at your 

school How do people teach with inquiry  

Participant Life 

Story 

What kids do... Inquiry Instruction problems  Pedagogy 

Advantages of 

inquiry Elementary Educator Fear Process  

CT Science 

Center 

Use of Literacy to integrate science 

methods  

Real World 

Application 

How doing with 

inquiry training How do kids learn from inquiry  

Continuum of 

Inquiry 

real world 

application Inquiry misconceptions Impasse  

Use/ method of 

inquiry Life history  

How are we 

doing with 

Inquiry Training 

How I got here? How I got here.  

Implementation 

Issues 

5e Professional Development  

Administrative 

Issues 

Initial Teacher 

Training 

Professional Development and Ongoing 

Support/ State Level Develop  

The elementary 

issue.... School  

Professional 

Development at 

Your School 

Implementation 

Issues State  

Professional 

Development by 

the State 

Exploratorium 

Professional Development and Ongoing 

Support/ School Level Support  

Professional 

Development by 

state Support  

Improved Initial 

Teacher 

Training 

Trained teacher 

training 

colleague CT Science Center  

Teacher-Led 

Craft 

Enhancement 

Use of Literacy 

to teach science 

inquiry Teacher Preparation  

Administrative 

Enhancement 
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Next Gen 

Science CT    

Administrative 

Pressure    
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APPENDIX K: EDUCATOR QUESTIONNAIRE LETTER 

 

Educator Questionnaire Letter 

                  

Department of Education and Educational Psychology  

181 White Street  

Danbury, CT  06810  

May 4, 17 

Dear (Educator to complete questionnaire): 

I am currently enrolled in the doctoral program for Instructional Leadership at 

Western Connecticut State University.  This program requires that I design and implement a 

dissertation research study.  Please accept this letter as my formal request for you to take part 

in this research study.  This research will take place in the summer and fall of 2015.  The 

purpose of my research was to explore inquiry-based instruction from the perspectives of 

stakeholders in science education in Connecticut.  Specifically, what are the perspectives of 

science practitioners of inquiry-based science educators in Connecticut? 

The study will use multiple sources of data collection to triangulate and explore the 

problem.  The study will collect data using online questionnaires, interviews, and site 

visits.  For this part of the data collection, I am collecting responses to an eight-item 

questionnaire that will take approximately 15 minutes to complete.  From these data, I may 

ask you to continue with further data collection based on specific question  
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responses.  Following the questionnaire, I will conduct one 30-40 minute face-to-face or 

SKYPE interview composed of five questions.   

In addition, some participants may be asked to participate in a follow up interview of 

the same length and composed of four questions to discuss instructional methodology and 

overall fidelity used in the science inquiry-learning model.  Following the interviews, 

participants may be asked to participate in a half-day observation of their classroom. 

This research project has been reviewed and approved by the WCSU Institutional 

Review Board.  If you have questions concerning the rights of the subjects involved in 

research studies, please contact the WCSU IRB Chair at irb@wcsu.edu and mention Protocol 

#1415-185.  This study is valid until May 7, 2016.  I hope that this research may inform 

inquiry-based science instruction in Connecticut Participation in this study is voluntary for all 

parties involved.  Participation or non-participation in this research will have no adverse 

effect on you in any way.  If you do agree to participate, you are free to withdraw from the 

study at any time.  Privacy was protected.  Participant names were numerically coded for 

confidentiality.  All participant identities were maintained in a secure location to protect 

confidentiality.  Results will only be reported in a form that does not identify individuals.  The 

researcher has no supervisory relationship with any of the adult participants.   

 Any information obtained through this study will remain completely confidential.  A 

copy of this consent form is available for your records.  I wish to thank administrators and 

teachers in (name of school district) for considering participation in this study.  If you have 

questions about the study, you may contact me at (203) 910-6245. 

Sincerely,  

mailto:irb@wcsu.edu
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David M Bozzuto   Jody S. Piro, Ed.D. 

     Associate Professor, Ed.D in Instructional Leadership 

bozzuto005@connect.wcsu.edu       piroj@wcsu.edu 
 

If you agree to participate in the study, please sign the attached statement below, 

return it to me by (date) and keep the attached copy for your records. 

Thank you! 

David M Bozzuto, Ed.D Candidate 

Instructional Leadership 

Western Connecticut State University 

- - -- - - - - - -- - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I, _________________________________, am an educator at (place of employment).  I 

acknowledge that Mr. Bozzuto has made clear to me the purpose of this research, identified 

any risks involved, and offered to answer any questions.  I voluntarily grant permission to 

participate in the online questionnaire and the follow-up interviews.  I have read and 

understand the above consent form and agree to participate in this study. 

Printed Name of educator: _________________________________________________ 

Signature of educator: _____________________________________Date: __________ 

- -- - - - - - -- - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I, _________________________________, am an educator at (place of employment).  I 

acknowledge that Mr. Bozzuto has made clear to me the purpose of this research, identified 

any risks involved, and offered to answer any questions.  I voluntarily grant permission to  

 

mailto:bozzuto005@connect.wcsu.edu
mailto:piroj@wcsu.edu
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participate in the online questionnaire only.  I have read and understand the above consent 

form and agree to participate in this study. 

Printed Name of educator: _________________________________________________ 

Signature of educator: _____________________________________Date: __________ 
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APPENDIX L: EDUCATOR INTERVIEW LETTER 

Educator Interview Letter 

                  

Department of Education and Educational Psychology  

181 White Street  

Danbury, CT  06810  

May 4, 17 

Dear (Educator to be interviewed): 

I am currently enrolled in the doctoral program for Instructional Leadership at 

Western Connecticut State University.  This program requires that I design and implement a 

dissertation research study.  Please accept this letter as my formal request for you to take part 

in this research study.  This research will take place in the summer and fall of 2015.   

The purpose of my research was to explore inquiry-based instruction from the 

perspectives of stakeholders in science education in Connecticut.  Specifically, what are the 

perspectives of science practitioners of inquiry-based science educators in Connecticut? 

 The study will use multiple sources of data collection to triangulate and explore the 

problem.  The study will collect data using online questionnaires, interviews, and site visits. I 

will conduct one 30-40 minute face-to-face or SKYPE interview composed of five 

questions.  In addition, some participants may be asked to participate in a follow up interview 

of the same length and composed of four questions to discuss instructional methodology and 

overall fidelity used in the science inquiry-learning model.  Following the questionnaire and  
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interviews, participants may be asked to participate in a half-day observation of their 

classroom. 

This research project has been reviewed and approved by the WCSU Institutional 

Review Board.  If you have questions concerning the rights of the subjects involved in 

research studies, please contact the WCSU IRB Chair at irb@wcsu.edu and mention Protocol 

#1415-185.  This study is valid until May 7, 2016.  I hope that this research may inform 

inquiry-based science instruction in Connecticut Participation in this study is voluntary for all 

parties involved.  Participation or non-participation in this research will have no adverse 

effect on you in any way.  If you do agree to participate, you are free to withdraw from the 

study at any time.  Privacy will be protected.  Participant names will be numerically coded for 

confidentiality.  All participant identities will be maintained in a secure location to protect 

confidentiality.  Results will only be reported in a form that does not identify individuals.  The 

researcher has no supervisory relationship with any of the adult participants.   

 Any information obtained through this study will remain completely confidential.  A 

copy of this consent form is available for your records.  I wish to thank administrators and 

teachers in (name of school district) for considering participation in this study.  If you have 

questions about the study, you may contact me at (203) 910-6245. 

Sincerely,  

David M Bozzuto   Jody S. Piro, Ed.D. 

     Associate Professor, Ed.D in Instructional Leadership 

bozzuto005@connect.wcsu.edu       piroj@wcsu.edu 
 

 

 

mailto:irb@wcsu.edu
mailto:bozzuto005@connect.wcsu.edu
mailto:piroj@wcsu.edu
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If you agree to participate in the study, please sign the attached statement below, return it to 

me by (date) and keep the attached copy for your records.   

Thank you! 

David M Bozzuto, Ed.D Candidate 

Instructional Leadership 

Western Connecticut State University 

- - -- - - - - - -- - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I, _________________________________, am an educator at (place of employment).  I 

acknowledge that Mr. Bozzuto has made clear to me the purpose of this research, identified 

any risks involved, and offered to answer any questions.  I voluntarily grant permission to 

participate.  I have read and understand the above consent form and agree to participate in 

this study. 

Printed Name of educator: _________________________________________________ 

Signature of educator: _____________________________________Date: __________ 
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APPENDIX M:  TEACHER OBSERVATION PERMISSION LETTER 

Teacher Observation Permission Letter 

           

 Department of Education and Educational Psychology  

181 White Street  

Danbury, CT  06810  

May 4, 17 

Dear (Teacher): 

 I am currently enrolled in the doctoral program for Instructional Leadership at Western 

Connecticut State University.  This program requires that I design and implement a dissertation 

research study.  Please accept this letter as my formal request for you to take part in this 

research study.  This research will take place in the spring and fall of 2015.  This research 

study has been reviewed and approved by Western Connecticut State University’s Institutional 

Review Board. The purpose of my research will be to explore inquiry-based instruction from 

the perspectives of stakeholders in science education in Connecticut.  Specifically, what are the 

perspectives of science practitioners of inquiry-based science educators in Connecticut? 

 The study will use multiple sources of data collection to triangulate and explore the 

problem.  For this part of the data collection, I will observe your classroom for half an 

instructional day to observe instructional methodologies and overall fidelity used in the science 

inquiry-learning model.  

 This study will follow an emergent design, constantly exploring new issues and themes  
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uncovered in the data collection and analysis process with the educational leaders and 

stakeholders.  The data will be analyzed and coded while investigating themes that emerge in 

order to gain a better understanding of the research problem.  The study  

will use such verification procedures as triangulation, reflexive journaling, member checking, 

rich and thick description, and clarifying the researcher’s bias.  

 This research project has been reviewed and approved by the WCSU Institutional 

Review Board.  If you have questions concerning the rights of the subjects involved in research 

studies, please contact the WCSU IRB Chair at irb@wcsu.edu and mention Protocol #1415-185.  

This study is valid until May7, 2016.  I hope that this research may inform inquiry-based 

science instruction in Connecticut Participation in this study is voluntary for all parties 

involved.  Participation or non-participation in this research will have no adverse effect on you 

in any way.  If you do agree to participate, you are free to withdraw from the study at any time.  

Privacy will be protected.  Participant names will be numerically coded for confidentiality.  All 

participant identities will be maintained in a secure location to protect confidentiality.  Results 

will only be reported in a form that does not identify individuals.  The researcher has no 

supervisory relationship with any of the adult participants.   

 Any information obtained through this study will remain completely confidential.  A 

copy of this consent form is available for your records.  I wish to thank administrators and 

teachers in (name of school district) for considering participation in this study.  If you have 

questions about the study, you may contact me at (203) 910-6245. 

 

 

mailto:irb@wcsu.edu
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Sincerely,  

David M Bozzuto   Jody S. Piro, Ed.D. 

     Associate Professor, Ed.D in Instructional Leadership 

bozzuto005@connect.wcsu.edu       piroj@wcsu.edu 

If you agree to participate in the study, please sign the attached statement below, return it to me 

by (date) and keep the attached copy for your records. 

Thank you! 

David M Bozzuto, Ed.D Candidate 

Instructional Leadership 

Western Connecticut State University 

- - -- - - - - - -- - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I, _________________________________, am a teacher at (school).  I acknowledge that Mr. 

Bozzuto has made clear to me the purpose of this research, identified any risks involved, and 

offered to answer any questions.  I voluntarily grant permission to participate.  I have read and 

understand the above consent form and agree to participate in this study. 

 

Printed Name of Teacher: _________________________________________________ 

 

Signature of Teacher: _____________________________________Date: __________ 

 

 

 

  

mailto:bozzuto005@connect.wcsu.edu
mailto:piroj@wcsu.edu
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APPENDIX N:  PRINCIPAL/ BUILDING PERMISSION LETTER 

Principal/ Building Permission Letter 

 

Department of Education and Educational Psychology  

181 White Street  

Danbury, CT  06810  

May 4, 17 

Dear (Principal): 

I am currently enrolled in the doctoral program for Instructional Leadership at 

Western Connecticut State University.  This program requires that I design and implement a 

dissertation research study.  Please accept this letter as my formal request for you to take part 

in this research study.  This research will take place in the spring and fall of 2015.  This 

research study has been reviewed and approved by Western Connecticut State University’s 

Institutional Review Board.  

The purpose of my research will be to explore inquiry-based instruction from the 

perspectives of stakeholders in science education in Connecticut.  Specifically, what are the 

perspectives of science practitioners of inquiry-based science educators in Connecticut? 

The study will use multiple sources of data collection to triangulate and explore the 

problem.  The study will collect data using online questionnaires, interviews, and site visits. I 

will conduct one 30-40 minute face-to-face or SKYPE interview composed of five 

questions.  In addition, some participants may be asked to participate in a follow up interview 

of the same length and composed of four questions to discuss instructional methodology and  
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overall fidelity used in the science inquiry-learning model.  Following the interviews, 

participants may be asked to participate in a half-day observation of their classroom. 

This study will follow an emergent design, constantly exploring new issues and 

themes uncovered in the data collection and analysis process with the educational leaders and 

stakeholders.  The data will be analyzed and coded while investigating themes that emerge in 

order to gain a better understanding of the research problem.  The study will use such 

verification procedures as triangulation, reflexive journaling, member checking, rich and thick 

description, and clarifying the researcher’s bias.  

This research project has been reviewed and approved by the WCSU Institutional 

Review Board.  If you have questions concerning the rights of the subjects involved in 

research studies, please contact the WCSU IRB Chair at irb@wcsu.edu and mention Protocol 

#1415-185.  This study is valid until May 7, 2016.  I hope that this research may inform 

inquiry-based science instruction in Connecticut Participation in this study is voluntary for all 

parties involved.  Participation or non-participation in this research will have no adverse 

effect on you in any way.  If you do agree to participate, you are free to withdraw from the 

study at any time.  Privacy will be protected.  Participant names will be numerically coded for 

confidentiality.  All participant identities will be maintained in a secure location to protect 

confidentiality.  Results will only be reported in a form that does not identify individuals.  The 

researcher has no supervisory relationship with any of the adult participants.   

Any information obtained through this study will remain completely confidential.  A 

copy of this consent form is available for your records.  I wish to thank administrators and  

 

mailto:irb@wcsu.edu
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teachers in (name of school district) for considering participation in this study.  If you have 

questions about the study, you may contact me at (203) 910-6245.   

Sincerely,  

David M Bozzuto   Jody S. Piro, Ed.D. 

     Associate Professor, Ed.D in Instructional Leadership 

bozzuto005@connect.wcsu.edu piroj@wcsu.edu 

If you agree to have your school district participate in the study, please sign the attached 

statement below, return it to me by (date) and keep the attached copy for your records. 

Thank you. 

David M Bozzuto, Ed.D Candidate 

Instructional Leadership 

Western Connecticut State University 

- - -- - - - - - -- - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I, _________________________________, am the principal of (school district).  I 

acknowledge that Mr. Bozzuto has made clear to me the purpose of this research, identified 

any risks involved, and offered to answer any questions.  I voluntarily grant permission for 

teachers to participate. I have read and understand the above consent form and agree to 

participate in this study.  

 

Printed Name of Principal: _________________________________________________ 

Signature of Principal: _____________________________________Date: __________ 

mailto:bozzuto005@connect.wcsu.edu
mailto:piroj@wcsu.edu
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Superintendent Permission Letter 

   

Department of Education and Educational Psychology  

181 White Street  

Danbury, CT  06810 

May 4, 17 

Dear (Superintendent): 

 I am currently enrolled in the doctoral program for Instructional Leadership at 

Western Connecticut State University.  This program requires that I design and implement a 

dissertation research study.  Please accept this letter as my formal request for your district to 

take part in this research study.  This research will take place in the spring and fall of 2015.  

This research study has been reviewed and approved by Western Connecticut State 

University’s Institutional Review Board.   

The purpose of my research will be to explore inquiry-based instruction from the 

perspectives of stakeholders in science education in Connecticut.  Specifically, what are the 

perspectives of science practitioners of inquiry-based science educators in Connecticut? 

The purpose of my research will be to explore inquiry-based instruction from the 

perspectives of stakeholders in science education in Connecticut.  Specifically, what are the 

perspectives of science practitioners of inquiry-based science educators in Connecticut? 

The study will use multiple sources of data collection to triangulate and explore the 

problem.  The study will collect data using online questionnaires, interviews, and site visits.  I  
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will conduct one 30-40 minute face-to-face or SKYPE interview composed of five 

questions.  In addition, some participants may be asked to participate in a follow up interview 

of the same length and composed of four questions to discuss instructional methodology and 

overall fidelity used in the science inquiry-learning model.  Following the interviews, 

participants may be asked to participate in a half-day observation of their classroom. 

This research project has been reviewed and approved by the WCSU Institutional 

Review Board.  If you have questions concerning the rights of the subjects involved in 

research studies, please contact the WCSU IRB Chair at irb@wcsu.edu and mention Protocol 

#1415-185.  This study is valid until May 7, 2016.  I hope that this research may inform 

inquiry-based science instruction in Connecticut Participation in this study is voluntary for all 

parties involved.  Participation or non-participation in this research will have no adverse 

effect on you in any way.  If you do agree to participate, you are free to withdraw from the 

study at any time.  Privacy will be protected.  Participant names will be numerically coded for 

confidentiality.  All participant identities will be maintained in a secure location to protect 

confidentiality.  Results will only be reported in a form that does not identify individuals.  The 

researcher has no supervisory relationship with any of the adult participants.   

 Any information obtained through this study will remain completely confidential.  A 

copy of this consent form is available for your records.  If you have questions about the study, 

you may contact me at (203) 910-6245.  I wish to thank administrators and teachers in (name 

of school district) for considering participation in this study.  If you have any questions, 

please feel free to contact me.  

 

mailto:irb@wcsu.edu
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 I wish to thank you for considering participation in this study.   

Sincerely,  

David M Bozzuto    Jody S. Piro, Ed.D. 

Associate Professor, Ed.D in Instructional 

Leadership 

bozzuto005@connect.wcsu.edu  piroj@wcsu.edu 

If you agree to have your school district participate in the study, please sign the attached 

statement below, return it to me by (date) and keep the attached copy for your records. 

Thank you. 

David M Bozzuto, Ed.D Candidate 

Instructional Leadership 

Western Connecticut State University 

- - -- - - - - - -- - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I, _________________________________, am the superintendent of (school district).  I 

acknowledge that Mr. Bozzuto has made clear to me the purpose of this research, identified 

any risks involved, and offered to answer any questions.  I voluntarily grant permission for 

teachers to participate.  I have read and understand the above consent form and agree to 

participate in this study. 

 

Printed Name of Superintendent: 

_________________________________________________ 

Signature of Superintendent: _____________________________________Date: __________ 

mailto:bozzuto005@connect.wcsu.edu
mailto:piroj@wcsu.edu
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APPENDIX P:  STATE OF ETHICS  

Statement of Ethics 

 

Approval to conduct the study will be sought through Western Connecticut State 

University’s Institutional Review Board (See Appendix R).  Permission to participate in this 

research study will be sought from building principals and teachers being involved.  The 

researcher has no supervisory relationship with any of the adult participants.  To maintain 

confidentially, each participant will be identified using a coded number; no names or 

identities will be identifiable from final data reports.  All collected data will be securely stored 

in a locked site off campus at the researcher’s home.  The coded themes attained from the data 

will be available to participants upon request.  Collaborative Institutional Training Initiative 

(CITI) certification was gained and can be found in Appendix Q. 

  



 363 

APPENDIX Q:  CITI CERTIFICATION  

CITI Certification  

Basic/Refresher Course - Human Subjects Research Curriculum Completion Report 

Printed on 2/13/2013 

Learner: David Bozzuto (username: DBozzuto) 

Institution: Western CT State University 

Contact Information 189 Milton Road 

Goshen, CT 06756 USA 

Phone: 2039106245 

Email: flyfishbozzuto@gmail.com 

Social/Behavioral Research Course:  

Stage 1.  Basic Course Passed on 02/13/13 (Ref # 9503322)  

Required Modules Date Completed  

Belmont Report and CITI Course Introduction 02/12/13 3/3 (100%) 

Students in Research 02/12/13 10/10 (100%) 

Defining Research with Human Subjects - SBR 02/12/13 5/5 (100%) 

The Regulations and The Social and Behavioral Sciences - SBR 02/12/13 3/5 (60%) 
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