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And what I really, really liked about TSI was they started out by saying, you know, like ‘Dude, 

water...Let's start with water.’ And if we start there, we will hit everything. You know, physics, 

chemistry, biology, philosophy. It was beautiful, it was an excellent idea. And it was really good 

in that it—while it may have been really annoying at the time when we were pressed for time, 

taking it apart and piece-by-piecing it out how the brain works with the—what did you call 

them?—the I's? Yeah, the phases. And then the modes... But, it makes you really think it through 

that if you start—just get started some one place, some topic, and really work it through, you can 

build multiple years, you know, each class, you could have a biology class based on water. And 

start there and move on. You could have a chemistry class, physics, religion, for heaven sakes. 

History, civilization, whatever. Human anatomy. It was a really, really good idea. It was a great 

idea. And I think for us, who have sort of an inherent propensity towards inquiry and being 

curious, the inquiry method makes sense. But it doesn't work for everyone, but it makes sense as 

the best way to get the most people interested. And I loved my TSI experience.  

- Teacher, study participant 
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ABSTRACT 

Although many studies have looked at changes in teacher knowledge, beliefs, and behavior over 

the course of professional development programs, long-term follow-up remains rare. In this case 

study of the long-term effects of a high-quality year-long professional development in inquiry 

science, we administered the same instruments to the same teachers (N = 23) before and after the 

professional development and 2.5 years after the professional development ended. We also 

interviewed the teachers about factors that enhanced or impeded PD implementation. The 

teachers demonstrated pre- to post-professional development gains on instruments examining 

inquiry-based teaching knowledge, content knowledge (marine science), and self-efficacy. 

Although declines were expected due to the lack of follow-up, results varied over instruments. 

The teachers’ scores dropped significantly on all of the measures that showed a pre- to post-

professional development gain, but remained significantly above pre-professional development 

baseline levels at the long-term follow-up time point. On the pedagogical content knowledge 

instrument the teachers’ scores grew significantly from the post-professional development to the 

follow-up time point. Interviews revealed a sustained highly positive response to the professional 

development with self-reported gains in confidence, inquiry and content knowledge, and modest 

to substantial changes in teaching practice attributed to the intervention. While explicit use of 

professional development pedagogy and activities declined over time, aspects of the pedagogical 

approaches became embedded in teachers’ practices. This case study emphasized the need for 

long-term support of teachers to sustain change over time and has implications for interpreting 

the outcomes of professional development. 
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CHAPTER 1 

INTRODUCTION 

This chapter begins with a discussion of inquiry-based teaching and the importance of, 

and concerns about, teacher professional development (PD). Next, I provide the problem 

statement, the statement of purpose, and the rationale and significance of this study. I then 

describe the PD under study including its design, theory of change, and original evaluation 

results. Finally, I discuss the limitations and describe the organization of this study. The purpose 

of this study is to determine if gains in the scores on instruments administered pre-to-post PD are 

sustained over time, and the factors that may have enhanced or hindered classroom behaviors 

tied to PD practices 2.5 years after the end of a year-long inquiry-based PD. 

Inquiry-based Teaching 

Inquiry-based teaching develops students’ understandings of scientific concepts and 

processes while engaging them in experiential investigations. Inquiry pedagogy has been shown 

to improve students’ understanding of scientific practices, increase students’ conceptual 

knowledge, enhance their critical thinking and problem-solving abilities, and keep students 

engaged in and interested in the learning material (e.g., Armbruster et al., 2009; Aulls & Shore, 

2008; Cohen & Spillane 1993; Luckie et al., 2012; Maeng et al., 2020; Marshall et al., 2017; 

Minner et al., 2010; National Research Council [NRC], 2012; Wilson et al., 2010). 

Although science educators have been advocating for teaching science in an inquiry-

based manner for years, teachers are still hesitant to implement inquiry in their classrooms (e.g., 

Fitzgerald et al., 2019). Inquiry-based teaching unfortunately still represents a paradigm shift for 

many educators. This is, in part, because teachers have trouble defining and articulating what 

inquiry means and designing inquiry-based lessons for their classrooms (Fitzgerald et al., 2019). 
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Thus, there are a number of misunderstandings about inquiry which can prevent or lead to flawed 

implementation (Reiser, 2013; Schraw et al., 2006). One way to address these misconceptions 

and train teachers to effectively practice scientific inquiry in their classrooms is through teacher 

PD (Smith, et al., 2007). 

Teacher PD 

Research in the field of educational effectiveness has consistently shown that teachers are 

the most critical in-school influence on student learning (e.g., Nye et al., 2004; Rivkin et al., 

2005). There is also a general consensus that PD is essential to building teachers’ capacities and 

improving educational outcomes (e.g., Gulamhussein, 2013; Wei et al., 2010). In order to 

systematically implement educational reforms, reform movements need to galvanize teachers. 

Teacher PD, when effective, is a key component in the ultimate success or failure of reform 

efforts. 

Although PD has been recognized as a lynchpin to achieving educational progress, its 

benefits are still more theoretical than concrete. Each call for reform over the past few decades 

has yet to be systematically implemented (Hargreaves & Goodson, 2006; NRC, 2007). While 

there is evidence that PD can enhance teacher instructional practices (Borko, 2004; Desimone et 

al., 2002; Garet et al., 2001; Porter et al., 2000) and support student learning and achievement 

(Akiba & Liang, 2016; Blank & de las Alas, 2009; Shaha et al., 2015; Yoon et al., 2007), meta-

analyses have shown that most PD does not have a clear effect on teacher and/or student 

outcomes (Garet et al., 2016; Guskey & Yoon, 2009; Harris & Sass, 2011; Hill et al., 2013; 

Pellegrini et al. 2021; Rudolph, 2014; Supovitz & Turner, 2000). Studies on inquiry-based PD 

mirror these findings; research shows that it enhances teachers’ understanding of science, self-

efficacy in their ability to teach science, and use of inquiry-based teaching practices (Akerson & 
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Hanuscin, 2007; Alexander et al., 1999; Beamer et al., 2008; Bencze, 2010; Bulunuz & Jarrett, 

2010), but the research on the overall effects on teacher and student learning is mixed (Cairns & 

Areepattamannil, 2019; Slavin et al., 2014). Critics have pointed to the ambiguity in PD 

effectiveness, and often considerable costs, as being a poor return on investment (Jacob & 

McGovern, 2015; Shear & Penuel, 2010; Whitehead, 2010). 

The conflicting evidence about the overall effects of PD is compounded by the lack of 

high-quality PD (Banilower et al., 2013; Desimone et al., 2002). For example, a survey of 

teachers at four schools in one district found that teachers were inundated with “a barrage of PD 

experiences” (Linn et al., 2010, p. 680), but there was little evidence that these “experiences” had 

any material effect within the classroom. A recent study comparing science teacher PD in 2012 

and 2018 found little evidence of improvement in quality over time, describing the overall 

number of quality PD offerings and rates of participation as “troubling” (Smith, 2020, p. 603). It 

is perhaps no wonder then that teachers have, in general, continued to be largely dissatisfied with 

PD (e.g., Darling-Hammond et al., 2009; Penuel et al., 2007). This is unfortunate as to 

accomplish the student outcome goals desired by educational reformers “the burden of change 

falls almost entirely on the shoulders of teachers. But with so little support, the demands are 

monumental” (Smith, 2020, p. 608).  

Teacher adoption of reforms is complex and difficult to assess (e.g., Spillane et al., 2002; 

Windschitl, 2002), and there is uncertainty about how PD affects teacher learning and 

instructional practice (Kennedy, 2016). But, as Guskey (2000) noted, “one constant finding in 

the research literature is that notable improvements in education almost never take place in the 

absence of professional development” (p. 4). While lots of PD does not guarantee success, 

minimal PD virtually guarantees failure (Pellegrini et al., 2021). Thus, the empirical study of PD 
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components, including their design, theories of change, promoted strategies, and the assessment 

of their outcomes continues to be critical. However, effectively evaluating PD is difficult, as in 

addition to the many design factors at play (e.g., Curriculum Research & Development Group 

[CRDG], 2012; Darling-Hammond et al., 2017; Desimone, 2009; Loucks-Horsley et al., 2012; 

Sancar et al., 2020; Timperley et al., 2007), context is important (e.g., Banilower et al., 2007; 

Hargreaves & Goodson, 2006). 

Problem statement  

Many studies have shown pre-post PD gains, and there is general agreement about the 

components of effective PD—even if the specifics and relative importance of them are contested 

(e.g., Hill et al., 2020; Kennedy, 2016; Lynch et al., 2019; Sims & Fletcher-Wood, 2021). Most 

PD evaluations, however, stop collecting data upon the conclusion of the PD program and so 

cannot investigate longer-term effects (Desimone & Stuckey, 2014; Hargreaves & Goodson 

2006). Although there is little argument that effective PD should produce lasting change in 

teacher knowledge, most studies on PD effectiveness are essentially based on post-PD snapshots 

and fail to capture the extended story of how teachers adopt, adapt, or abandon PD practices. 

This is in part due to funding cycles (Avalos, 2011; Kennedy, 2016; Odden et al., 2002). But 

successful PD, as measured by near-term teacher learning, does not necessarily lead to enduring 

changes in teacher practice (Fixsen et al., 2005). At the post-PD time point, teachers often have 

yet to implement the program without substantial assistance; thus, program evaluations may be 

overly optimistic (Liu & Phelps, 2020). Program effects are not fixed, especially in the context of 

an educational landscape that is constantly in flux. PD studies that neglect the time-varying 

environmental considerations in which teachers operate may be contributing inaccurate, or at 

least incomplete, evidence to the PD literature (Liu & Phelps, 2020). But the lack of long-term 
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studies means there is little understanding of what factors contribute to longitudinal PD success 

and how best to measure it (Desimone & Stuckey, 2014). 

Successful PD should lead to sustained teacher instructional change and continued use of 

PD practices, complemented by sustained gains in student learning and understanding. Ideally, 

evaluations of PD should assess both post-PD and long-term outcomes to address not just the 

initial success of an intervention but its durability (Scher & O’Reilly, 2009). However, while 

assessing student outcomes immediately as well as long-term is ideal, this is often not feasible. 

Since teachers influence student learning outcomes, if the changes in teacher behavior that led to 

student gains are maintained, then some measure of the previously reported student gains should 

be retained. Thus, PDs should continue to monitor participants, on some level, after the PD has 

ended to determine if, and how long, they can maintain pre- to post-PD gains (Kennedy, 2016).  

Studies that are coterminous with the PD itself cannot tell us whether teachers merely 

comply with program recommendations as long as they have to, whether they continue 

building on the program’s ideas over time, or whether, perhaps, they revise the advice so 

severely that its original meaning is lost. (Kennedy, 2016, p. 973) 

If sustainability of PD effects is to be prioritized, and teacher change and growth are 

recognized as long-term processes, there is still the question of when researchers should follow-

up with teachers. As Ford (1994) noted, “the point in time at which changes in behavior are 

measured can have a major impact on the conclusions drawn about whether transfer has 

occurred” (p. 23). Implementation of new instructional practices tends to be a gradual process; 

shifts may occur over several years (Fixsen et al., 2005; Guskey, 2002a). Researchers need to 

balance waiting until teachers are no longer struggling with understanding an innovation, but are 

refining it and personalizing it, with the accumulation of contextual and environmental factors 
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over time that may affect program implementation. For example, teachers took 3–5 years to 

reach a level of mastery in a study of a middle-school science program (Young, n.d.), and 

researchers studying the effects of an early childhood PD recommended waiting three years to 

follow-up on PD effects (Bierman et al., 2013). In practice, however, the timing of follow-up 

tends to vary widely, at least partly because no standards currently exist in the literature. In 

general, longer-term follow-ups tend to be fortuitous and ad-hoc (e.g., Shaharabani & Tal, 2017; 

Padua, 2018); while those done closer to the end of programs are incorporated into the original 

PD research design (e.g., Goldschmidt & Phelps, 2010; Gore et al., 2017). However, it is clear 

that following-up with teachers several years after a PD is completed grounds implementation in 

the realities of teachers’ practice. Findings from longitudinal research may help to elucidate why 

most PD has insignificant effects (e.g., Garet et al., 2016; Guskey & Yoon, 2009; Harris & Sass, 

2011; Hill et al., 2013; Pellegrini et al. 2021; Rudolph, 2014; Supovitz & Turner, 2000; Yoon et 

al, 2007), and what factors are important for teachers to continue to implement the program after 

PD supports have been removed (Kennedy, 2016). Findings may also lead researchers to be more 

realistic about the strengths, and limitations, of PD, as “we need to ensure that PD promotes real 

learning rather than merely adding more noise to [the teachers] working environment” (Kennedy, 

2016, p. 974). 

Statement of Purpose  

PD program stakeholders, including facilitators and funders, value interventions that have 

enduring effects beyond the project. While pre-post measures are ubiquitous—and important to 

understanding content and pedagogy uptake—only by following teachers after projects end can 

the effectiveness of PD programs to enact lasting changes in education be measured (e.g., Fixsen 

et al., 2005; Kennedy, 2016). However, long-term monitoring of changes in teacher practice as a 
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result of their participation in PD is rare (e.g., DeMonte, 2013; Yoon et al., 2007). “Because 

studies usually last only one year, we do not have a good understanding of the ebb and flow of 

teacher learning or the way that implementation of new instruction continues into year 2, year 3, 

and beyond as a result of high-quality professional development” (Desimone & Stuckey; 2014, 

p. 472). The limited research examining PD participants longitudinally represents a gap in the 

literature that warrants additional exploration. This study examined the extent to which teachers 

who participated in a year-long inquiry-based science PD program sustained gains on measured 

constructs and changed their teaching practices 2.5 years after the conclusion of the PD.  

Rationale and Significance of the Study  

There is a limited, but growing, number of empirical studies that have investigated the 

long-term effectiveness of PD. These studies used one or more of the following data collection 

methods: self-report surveys (e.g., Eylon & Bagno 2006; Havice et al., 2018; Lydon & King, 

2009; Supovitz et al., 2000), interviews (e.g., Deglau & O’Sullivan, 2006; Shaharabani & Tal, 

2017; Gaikhorst et al., 2017; Knapp & Peterson, 1995; Padua, 2018), classroom observations 

(e.g., Penner-Williams et al., 2019), and quantitative assessments (e.g., content knowledge or 

self-efficacy; Goldschmidt & Phelps, 2010; Heller et al., 2012; Liu & Phelps, 2020). Of the 

studies that used multiple methods, researchers most commonly paired classroom observations 

with one of the other data sources (e.g., Antoniou & Kyriakides, 2013; Bierman et al., 2013; 

Franke et al., 2001; Gore et al., 2017; Murray et al., 2018; Wolf & Peele, 2019).  

Long-term PD studies that have looked at changes in knowledge over time have focused 

more on elementary teachers (e.g., Goldschmidt & Phelps, 2010; Heller et al., 2012; Sandholtz & 

Ringstaff, 2016), thus there is a need to examine how secondary teachers’ knowledge and 

practices evolve over time in response to PD (although see Clary et al., 2018; Lydon & King, 
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2009; Supovitz et al, 2000). While the number of teachers who participated in this study is small 

from a quantitative perspective (N = 23), this sample size is large compared to other long-term 

PD studies that have relied on interviews (although see Franke et al. 2001; Knapp & Peterson, 

1995; Sandholtz & Ringstaff, 2016). In interviews, teachers have the opportunity to fully 

describe their current practices. Luft and Hewson (2014) considered studying how teachers put 

their learning into practice important because “by understanding the boundaries of context and 

teacher learning, there is the potential to design [PDs] that better support teacher learning in 

science” (p. 921). In addition, understanding how context affects teacher implementation of the 

PD can highlight not only what additional support mechanisms need to be in place, but also how 

to position them temporally.   

Teachers implement PD programs differently in part because they attend to and draw 

upon different program components to support their own unique instructional needs (Luft & 

Hewson, 2014). These diverse implementations interact with and affect teachers’ knowledge and 

beliefs (e.g., Desimone, 2009; Guskey, 2002b). Reporting that teacher beliefs or understandings 

changed as a result of participating in a PD can be very informative. However, scores on 

instruments neglect the complexity inherent in project implementation. Interviews can elucidate 

the reasons for the variation in PD implementation over time and collect information on factors 

that enhanced or impeded implementation of PD components, which can shed light on what 

“seeds of change” planted by the PD have taken root and, more generally, how program 

experiences led to program outcomes.  

The map of teacher learning is made up of strategies that were tried and abandoned and 

those that were maintained and modified. The extent of maintained and modified 
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strategies and the level of coherence of tools and approaches years after the [PD 

programs] are evidence of teacher learning. (Shaharabani & Tal, 2017, p. 1050) 

This study adds insight into the stability of changes to teachers’ understandings, beliefs, 

and instructional practice years after their completion of an intensive PD program. Specifically, 

the findings of this research study add to the research base on the longitudinal effects of PD on 

educational change at the teacher level. Results from this study contribute to our understanding 

of the barriers to teacher behavioral change and extend the conversation about what constitutes 

PD success.  

Description of the PD 

Teaching Science as Inquiry PD 

This study followed the participants of a PD that utilized the Teaching Science as Inquiry 

(TSI) model as its pedagogical foundation, which is detailed in Chapter 2. The TSI Aquatic PD 

was funded through an Institute for Educational Sciences development grant. The objectives of 

the PD were to (a) increase the teachers’ content knowledge in aquatic science, (b) improve the 

teachers’ understanding of scientific inquiry and pedagogical content knowledge needed to 

create classrooms that function as a community of scientists, and (c) improve the teachers’ self-

efficacy in using inquiry pedagogy. Ultimately, as with all PD, the goal was to improve student 

learning. The TSI Aquatic PD incorporated many of the features considered essential to effective 

science teacher PD programs. It incorporated active learning, infused pedagogy with content, 

was a conducted over an extended time (one year), modeled and provided high-quality 

instructional materials, included multiple opportunities for implementation and reflection, and 

involved collaborative learning and discussion (e.g., Cohen & Hill, 2001; CRDG, 2012; 
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Desimone, 2009; Garet et al., 2001; Loucks-Horsley et al., 2010; Penuel et al., 2007; Scher & 

O’Reilly, 2009; Wei et al., 2009; Yoon et al., 2007).  

 The importance of skilled practitioners in the delivery of PD programs has gotten 

increasing attention (CRDG, 2012; Lydon & King, 2009; Lynch et al., 2019; Shaw et al., 2018). 

A review of PD programs by Kennedy found that many of the more effective ones “were offered 

by individuals or groups who had long histories of working with teachers, were very familiar 

with teachers and with the problems they face, and based their programs on their own personal 

experience and expertise” (2016, p. 973). PD facilitators are also responsible for establishing a 

supportive environment where teachers feel safe to be vulnerable in their learning (Darling-

Hammond et al., 2020; Podolsky et al., 2019). The facilitators of the PD under study had 

extensive expertise in the subject area and were well-trained in TSI pedagogy. Each of the four 

facilitators had graduate-level degrees in science, three had extensive experience providing 

science PD, and two were former secondary science teachers.  

PD Design 

The TSI Aquatic PD intervention was delivered through an iterative, modular cycle of 

teacher workshops and classroom implementation. PD material was organized into four thematic 

modules around (a) physical, (b) chemical, (c) biological, and (d) ecological aquatic science. 

Thus, the PD was designed to help the teachers navigate the massive, interconnected, three-

dimensional ocean system by building foundational knowledge that spanned from water’s 

molecular structure to studying large-scale patterns in marine environments. Each module 

consisted of a two-day workshop (16 hours), in-person follow-up (3 hours), and an online 

synchronous follow-up (2 hours) where the teachers shared their implementation of PD activities 

including successes, modifications, and considerations for the future. The synchronous 
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workshops were embedded in an asynchronous online learning community (Figure 1.1). Modules 

were spread over the course of an academic year, resulting in an immersive inquiry experience 

with sustained interaction—but in an accessible format that allowed the scaffolding of content 

and pedagogy. The PD totaled 87 face-to-face contact hours (21 per module, plus a 3-hour 

introductory meeting); asynchronous participation in the online learning community involved at 

least an additional eight hours of interaction with PD materials as estimated by project personnel. 

(For a complete description of the TSI Aquatic PD structure, see Duncan Seraphin, 2014).  

Figure 1.1  

The TSI Aquatic PD Project Structure  

 

Note. The TSI Aquatic PD project structure encompassed four modules of in-person, online synchronous, and online 

asynchronous components. 

 

 A key aspect of the TSI Aquatic PD was that facilitators modeled and engaged the 

teachers in the TSI inquiry approach as students. The PD provided the teachers the opportunity to 

dive much more deeply into the subject matter than that which bound the lessons, situating the 

content within broader core ideas, and allowed time for in-depth discussions of the pedagogy 

employed during the activities.  
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The teachers were required to implement a minimum of three activities from each of the 

four modules, for a total of at least 12 activities over the course of the project. The teachers were 

given the supplies to implement these activities. The activities were part of Exploring Our Fluid 

Earth (exploringourfluidearth.org), an inquiry-based curriculum founded on TSI pedagogical 

principles. The Exploring Our Fluid Earth website housed the TSI Aquatic PD online learning 

community, which the teachers were required to post and interact on as part of the PD. In 

addition to the facilitators modeling and explicitly teaching TSI pedagogy, the teachers used the 

pedagogy to plan and reflect on activities and were required to explicitly teach the pedagogy to 

their students. Requiring implementation of PD activities provided the teachers an opportunity to 

employ the content and pedagogy productively, develop confidence with their delivery, assess 

student responses, and share this information with their peers, all of which are important for 

advancing teachers’ understanding and influencing their beliefs about the value of the innovation 

(Abrami et al., 2004; Deglau & O’Sullivan, 2006; Gorozidis & Papaioannou, 2014; Guskey, 

2002b).  

Theory of Change 

 The theory of change for the TSI Aquatic PD is represented in Figure 1.2. Though this 

figure simplifies a complex process and is not all-inclusive, it represents a current understanding 

of the literature and is largely similar to other models of effective PD (e.g., CRDG, 2020; 

Desimone, 2009; Guskey, 2002b; Kennedy, 2016; Loucks-Horsley et al., 2010; Luft & Hewson, 

2014; Lynch et al., 2019). Several studies have provided empirical evidence for the relationships 

among these features (e.g., Desimone & Garet, 2015; Garet et al., 2001, Kennedy, 2016). The 

TSI Aquatic PD theory of change includes teacher knowledge and beliefs, classroom practice or 

behavior, the context or environment, and student outcomes. The arrows represent the reciprocal 

12



 

 

relationships among these variables in mediating the effects of the PD on students’ achievement. 

While the connections among these constructs are not unidirectional, the intended outcome of the 

PD is for changes in the teacher behavior to positively affect student learning. The quantitative 

constructs assessed in this follow-up study are denoted by stars in Figure 1.2; they emphasize the 

teachers’ knowledge and self-efficacy. All other variables were assessed through the follow-up 

teacher interviews.  

Figure 1.2  

TSI Aquatic PD Theory of Change 

 

Note. Stars denote the quantitative constructs assessed in the follow-up study. 

 

Evaluation Results  

While this study focused on long-term teacher outcomes, it is important to situate these 

results in the context of the teacher and student outcomes found pre- to post-PD. The PD was 

conducted statewide in Hawai‘i over five cohorts of secondary teachers (N = 63). An evaluation 

of the teachers in the final two cohorts (N = 28) indicated there was a statistically significant 
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effect of the PD on the teachers’ self-efficacy, content knowledge, and inquiry-based teaching 

knowledge and on their students’ content knowledge and understanding of the nature of science 

(Duncan Seraphin, 2014; Duncan Seraphin et al., 2017). In Chapter 3 I go into more detail about 

the instruments used to assess the teachers and pre-post PD outcomes as they constitute the 

comparison time points for this study.  

The students whose teachers implemented the PD activities with higher levels of fidelity, 

based on constructs outlined in Dusenbury et al. (2003), showed greater improvements in their 

content knowledge and understanding of the nature of science (Duncan Seraphin et al., 2017). 

High-school students appeared to learn more about the nature of science if their teachers had 

lower pre-PD knowledge of inquiry-based teaching, and students of the teachers who had 

attended less prior science PD benefited more (Duncan Seraphin et al., 2017). The evidence of 

student learning, however nuanced, found in the original PD evaluation is important as many 

PDs do not include student measures. As other studies have shown that it can take time for new 

interventions to influence student achievement, student gains are not always captured in post-PD 

measurements (Heller et al., 2012; Kennedy, 2016). As the PD under study was known to affect 

student gains over the course of a year, I postulated that sustained changes in the teachers’ 

practice would result in sustained student learning gains. Overall, the quantitative findings 

suggested that the PD minimized gaps due to inexperience and lack of understanding of inquiry-

based science teaching (Duncan Seraphin et al., 2017). 

The teachers were interviewed immediately following the PD. The teachers perceived the 

PD to be valuable and relevant to their teaching practice, especially the science content and 

community building features (Duncan Seraphin, 2014). They reported success in teaching the PD 

activities and improving in the quality of their implementation of TSI pedagogical aspects over 
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the course of the project. However, there were divergent opinions among the teachers about the 

value of the TSI pedagogy—aspects of which were reported as difficult to bring into their 

classrooms (Duncan Seraphin, 2014).  

Limitations  

Although the PD that is the focus of this research can be considered an exemplary project 

on a number of measures, it also had some significant drawbacks. These flaws include that it was 

a single project, with a small sample size, and did not include a comparison group. This limits 

the degree to which the quantitative findings can be generalized. Growth as measured by scores 

on PD instruments pre-to-post are already difficult to directly attribute to interventions, so 

changes in scores on instruments years later, without a comparison group, are even more 

tenuously tied to the PD under study. Additional limitations related to the methods are discussed 

in Chapter 3. In the following section I focus on the overarching limitations of selection bias and 

the reliance on self-reports—decisions that were made as part of the original PD recruitment and 

evaluation that affected this study.  

Selection Bias 

One threat to internal validity is that the participants volunteered for this study as well as 

the original PD intervention—thus there is likely a self-selection bias in effect for teacher 

characteristics that may affect PD findings (Desimone, 2009). Because the teachers applied to 

participate, they represent a more motivated group of teachers who may be primed to reflect, 

adjust, and improve their practice (Kennedy, 2016). Measured instructional growth may be 

related to the general growth orientation of this population rather than the PD itself. This is 

particularly true for this PD as it was not tied to school initiatives. Thus the teachers enrolled in 

the PD likely because they were interested in aquatic science and/or inquiry teaching; they 

15



 

 

probably do not reflect a representative sample of all of the secondary science teachers in 

Hawai‘i. Rather, the teacher population in this study represents an exemplar caste, a best-case 

scenario. However, it is worth noting that because the PD was not top-down or coercive, the 

teachers did not have to implement PD activities or change their practices after the PD ended. 

Thus, this study is a glimpse into the long-term effect of teachers’ implementation of voluntary 

PD. 

Reliance on Self-report 

Observation protocols allow researchers to examine and evaluate how teachers translate 

their internal representations of inquiry in their classrooms (Lee et al., 2016). Observations are 

generally considered the gold standard of measurement for teacher practice and allow for 

concurrent validation of teachers’ claims on questionnaires or in interviews. However, they 

require extensive resources and the practices being studied must be typical enough to occur in 

most instructional periods (Desimone et al., 2002). Observations can also be perceived as 

intimidating by participants and may lead the teachers under scrutiny to take more time to 

prepare for the observed activities than usual (a.k.a., the Hawthorne effect). Therefore, much PD 

program research, including this study, relies on teacher self-reported measures (e.g., Garet et al., 

2001).   

An obvious limitation of self-report measures is the likelihood of potential discrepancies 

between what people say they do and what they actually do, which may result in variables that 

reflect social desirability in addition to actual behavior. A number of studies have found that 

teacher-level self-report variables are likely biased (e.g., Hansen & McNeal, 1999; McFadden, 

2019; Scher & O’Reilly, 2009). For example, some studies have shown evidence of 

discrepancies between teachers’ perceptions of their practice, as indicated in interviews and on 
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questionnaires, and their instructional practice as evidenced in classroom observations (Bartos & 

Lederman, 2014; Hill & Erickson, 2019; Lakin & Wallace, 2015; Lee et al., 2004). Teachers 

may overestimate their use of instructional strategies due to subject-expectancy effects. If 

teachers find a PD valuable, they may report their behavior changed, or be particularly attuned to 

small changes, because they think it was supposed to change. In contrast, other researchers have 

found evidence that teacher self-reports are correlated with practice (Desimone, 2009; Smithson 

& Porter, 1994), particularly when asked about current practices (Porter et al., 1993). Thus, there 

is a relationship between self-reported classroom practices and quantitatively measured 

knowledge and beliefs, but its exact nature is disputed (Crawford, 2007; Richardson et al., 1991; 

Yang et al., 2020b). Self-reports of practice are generally understood to be useful, but should be 

interpreted with caution. Questionnaires continue to be an important assessment tool because, 

compared to other methods, they are cost-effective and allow for easier comparisons between 

participants and analysis of trends over time. In this dissertation, I recognize the inherent biases 

of self-report measures, but nonetheless rely on them to make claims about teachers’ levels on 

constructs the self-report instruments were intended to measure.  

Summary and Organization of the Study 

The PD under study adhered closely to a number of best PD practices and was successful 

based on post-PD evaluation findings. Because this PD can be considered an exemplary outlier 

compared to the PD most teachers routinely experience, the long-term results are indicative of 

the persistence of constructs and practices of high-quality PD. PD that is less well-designed and 

occurs over a shorter duration would likely have more marginal results.  

This dissertation is organized into five chapters, a reference list, and appendices. This 

chapter, Chapter 1, introduces the study and provides an overview of the research, including a 
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problem statement and the significance of the study. Chapter 2 presents a literature review that 

situates this study in the greater research context and concludes with the research questions. In 

Chapter 3, I provide a detailed description of the research methods, and in Chapter 4, I present 

the research findings. In the last chapter, Chapter 5, I discuss the significance of the research 

findings and raise some questions for future research. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Literature in the areas of inquiry and PD is vast. In the following review I narrow my 

focus to four areas relevant to this study: (a) constructivism—the historical roots of inquiry; (b) 

the TSI framework, the pedagogical foundation of the PD under study, and a justification for the 

choice of PD content (aquatic science); (c) the components of effective PD; and (d) Bandura’s 

Theory of Reciprocal Determination, the guiding theoretical framework for the analysis of data 

and the interpretation of results. In this last section I focus on the personal and environmental 

factors that affect implementation of PD practices as related to this study. I end this chapter with 

my research questions.  

Constructivism 

The pedagogy utilized in the PD under study, TSI, has its roots in constructivism. 

Although not a pedagogical theory (Airasian & Walsh, 1997), constructivism has core 

assumptions that have important implications for instruction and curriculum design, including 

that of PD.  

Constructivism is both a theory of knowledge and learning; it is an epistemological 

perspective on the nature of knowledge as well as an explanation for how knowledge is acquired 

(Airasian & Walsh, 1997). The theory of learning contends that individuals construct their own 

understandings and meanings through interactions with their surroundings. Constructivism 

highlights the importance of context in the acquisition and refinement of skills and knowledge 

(Schunk, 2012). New knowledge is created by interactions between learners’ preconceptions and 

beliefs, which have been derived from prior experiences, and new ideas and situations. In this 
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way, constructivism describes how one attains, develops, and uses cognitive processes (Bredo, 

1997). 

Historical Roots of Constructivism 

         The idea that learners construct their own understandings has deep historical roots (e.g., 

Socrates in ancient Greece). However, constructivism as an educational theory was not 

formalized until the 20th century; the works of Jean Piaget, Lev Vygotsky, and John Dewey 

heavily influenced its development. Although these theorists have been situated under the 

modern constructivist umbrella post-hoc, their ideas are considered foundational because they 

helped to shift perspectives from a deficit model of education, where knowledge was transmitted 

from teacher to student and passively accumulated, to one in which knowledge is the result of 

active learning and engagement. Their legacies have diverged and converged over time as 

subsequent researchers have built upon their ideas. This complex development has contributed to 

the difficulty in developing a concise description of constructivist theory. Different constructivist 

schools differ in the extent to which they ascribe the construction of knowledge to social and 

environmental interactions and the extent to which they think the mental models that learners 

develop reflect reality (e.g., Bredo, 1997; Schunk, 2012). That so many of Piaget’s, Vygotsky’s, 

and Dewey’s constructivist approaches to education are as relevant today as they were nearly a 

century ago is as much a testament to the abilities of these forward-thinking individuals as it is a 

reflection of the challenges associated with enacting change in education.  

Piaget. Piaget proposed that cognitive development encompasses four principal factors: 

biological maturation, experience with the natural environment, experience with the social 

environment, and “equilibrium” (Schunk, 2012). Equilibrium refers to the need for people to 

maintain an optimal state of consistency between their internal cognitive structures and the 
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external environment. When learners encounter information that does not align with their current 

worldview, the process of equilibrium resolves this mental conflict through assimilation, by 

fitting new information into existing cognitive structures, and/or accommodation, by changing 

internal structures to align with the new ideas (Duncan, 1995). Thus, equilibrium is the central, 

motivating force behind cognitive development and reflects the outcomes of cognitive 

dissonance. Piaget’s theory forms the basis of cognitive constructivism because he proposed that 

information is not passively received, but internally processed in accordance with current mental 

structures and capacities. 

Vygotsky. Vygotsky, one of the founders of social constructivism, stressed the 

relationships between interpersonal, cultural-historical, and individual factors in the construction 

of knowledge (Schunk, 2012). Social interactions are considered critical for learning because 

they stimulate cognitive development—learning does not occur in isolation. Psychological tools, 

such as language, mediate and facilitate learning and characterize it as a joint activity—both the 

learner and teacher construct knowledge. Because knowledge is socially constructed, learning is 

situated in specific contexts and differs among individuals. Vygotsky is well known for positing 

the idea of the “zone of proximal development” (1978), the difference between what an 

individual can do on his or her own and what they can do with assistance from others. This 

emphasizes the importance of interactions between learners and more competent individuals, 

including both peers and teachers, and the role of prior knowledge in cognitive development. 

Dewey. Dewey spearheaded the progressive reform movement in education at the turn of 

the 20th century. Although today many scholars consider his ideas to align with constructivist 

principles, Dewey has been primarily associated with the philosophy of pragmatism (Pulliam & 

Van Patten, 2007), which prioritizes action and problem solving over philosophical debates on 

21



 

 

the nature of knowledge (Patton, 2014). Dewey thought that education should be student-

centered. He advocated for purposefully building on students’ interests to make learning more 

meaningful; his pedagogical approach involved learners addressing genuine problems through a 

cycle of scientific inquiry (Pulliam & Van Patten, 2007). Although important, Dewey was clear 

that student engagement could not, by itself, be equated to learning. The teacher was critical; 

they structured activities so students could relate new information to prior experiences (Dewey, 

1938). Navigating the balance between addressing content knowledge and embedding learning in 

meaningful contexts defines Dewey’s educational philosophy (Windschitl, 2002). 

Modern Interpretations 

Constructivism’s learner-centered assumptions include “the belief that all learners 

construct their own knowledge and understandings from their experiences, that this knowledge 

development is incremental, and that the knowledge we hold in common is developed and 

clarified through interactions with others” (CRDG, 2001). The following are instructional 

principles associated with constructivist learning environments (e.g., Duncan Seraphin et al., 

2012; Hmelo-Silver et al., 2007; Prawat, 1992; Richardson, 2003). 

         Active Learning. Students learn by doing. Constructivist classrooms engage students in 

activities that facilitate discovery and sense-making. Learning is an active process where 

students are encouraged to observe, predict, analyze, and interpret information and phenomena. 

Learning takes place in authentic, real-world environments and is organized around meaningful 

problems and goals. 

         Build on Prior Knowledge. Learning involves building on or modifying existing ideas. 

Preconceptions shape learning because they filter everything a learner experiences. 
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Constructivist teachers are aware of current student conceptions and they connect new 

information to prior experiences because “new conceptions are only learnt and retained if they 

can be fitted or joined to already existing knowledge” (Sewell, 2002, p. 24). 

Scaffold Instruction. Constructivist classrooms carefully sequence activities to allow 

students to construct increasingly complex knowledge structures. Big ideas are studied from 

multiple perspectives and time is allowed for students to reflect on and clarify their own ideas. 

These learning experiences support student competence by connecting concepts in ways that 

allow them to develop sophisticated frameworks, which encourages knowledge use and transfer. 

         Make Learning Relevant. The construction of knowledge requires effort and 

persistence. This is partially because of the need to create dissatisfaction with existing cognitive 

conceptions before new knowledge can be deeply integrated. Constructivist classrooms build on 

student curiosities and interests and situate learning in relevant contexts to make it more 

meaningful. 

         Develop Self-regulation. Students develop their own knowledge. Thus, in constructivist 

classrooms, students are taught metacognitive skills. Metacognitive processing refers to the 

ability to understand, monitor, evaluate, and ultimately control one’s cognitive processes, skills, 

and learning environment (Brown, 1987; Flavell, 1976; Jacobs & Paris, 1987; NRC, 2001). 

Thus, students learn to set goals as well as how to monitor and evaluate their learning. This helps 

them to develop ownership of their learning and become actively involved in constructing their 

own understandings. 

         Collaborative Learning. Learning is a social activity that involves engaging with others. 

Students in constructivist classrooms work in small groups to discuss and share their ideas and 
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engage in class discussions where they develop consensus about these ideas. A diversity of 

perspectives and understandings is encouraged and respected. 

Teachers as Facilitators. In constructivist classrooms, teachers serve as guides and 

facilitators of learning. Teachers structure activities in ways that allow learners to become 

actively involved in constructing their own interpretations. In order to do this effectively, 

teachers need to understand what students are thinking; they do this through questioning and 

other formative assessment strategies. Instructors tailor their teaching in response to student 

perspectives, challenging student misconceptions or supporting weak reasoning. Listening to 

their students’ points-of-view also allows teachers to capitalize on student interests and pose 

problems of emerging relevance. Teacher feedback helps students reflect on and revise their 

ideas. In order for these interactions to occur, teachers need to create a safe, nonjudgmental 

classroom culture that encourages students to express their ideas, ask questions, and make 

mistakes. Although the teacher should know where the class is going, have an idea where 

students started, and monitor progress towards learning goals, the actual course will depend on 

factors that may not be readily accounted for in planning. Building conceptual understanding 

does not follow a linear path. 

Constructivism and Inquiry. Although educators were implementing constructivist 

strategies before the term was coined, these efforts were concentrated in pockets of reform. 

However, in the early 1990s, constructivist-informed teaching and learning gained widespread 

interest in the education community (e.g., Richardson, 2003). This renewed interest was due in 

part to the concurrent standards-based education movement, which drew attention to the 

continuing gap between education in practice and the vision outlined in reform documents. But 

teacher adoption of reform practices is difficult (e.g., Windschitl, 2002). Constructivist 
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instructional strategies appear deceptively simple to put into practice. There are a number of 

barriers to the implementation of constructivist strategies—including curricula that cover too 

many topics, assessments that emphasize memorization over deeper understanding and reasoning 

skills, and the lack of a sustained, supportive community to help guide teachers through the often 

difficult process of not only changing conceptions about teaching and learning but then 

translating these ideas into meaningful changes in practice. This has often led to the incomplete 

application of constructivist strategies. Rather than allowing students to construct their own 

understandings, many teachers still have the underlying positivist belief that they are responsible 

for transmitting knowledge about the world to their students. Thus, although they may engage 

students in activities, relate information to the real-world, and have students work in groups, they 

still view their primary job as organizing knowledge about the world in the most rational way 

possible and presenting it to their students rather than focusing on student understanding (Prawat, 

1992; Smith, 2020). 

 In part to clarify the implementation of constructivist strategies in science classrooms, 

science education moved away from using the term constructivism to emphasizing the term 

inquiry in standards documents in the 1980s and 90s (e.g., AAAS, 1990; 1993; NRC, 1996). The 

term ‘inquiry’ in science education, which can be thought of as a branch of constructivism, refers 

not only to the “abilities students should develop to design and conduct scientific investigations 

[emphasis added],” but also to the “understandings they should gain about the nature of 

scientific inquiry [emphasis added]” (NRC, 2000, p. xv). Teaching science through inquiry 

emphasizes the role of students in developing their own ideas, through concrete experiences, to 

form complex understandings of scientific concepts and the scientific process.  
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However, knowledge of inquiry instruction does not necessarily translate into inquiry-

based teaching (Abd-El-Khalick et al., 1998). Just like with constructivism, the term ‘inquiry’ 

came to have varied meanings. Further, it is difficult for teachers not familiar with the real-world 

practice of science to successfully facilitate inquiry teaching (NRC, 2000; Penuel & Fishman, 

2012; Wee et al., 2007; Zembal-Saul et al., 2002). This may be because the concept of scientific 

inquiry is so closely connected to the work of professional scientists. Although there are 

universal consistencies across scientific disciplines, to those less familiar with the process of 

science the range of fields, approaches, and methodologies can be difficult to distill to the 

essential components of inquiry. This has led to oversimplifications. For example, teachers often 

equate inquiry with hands-on instruction (Capps et al., 2012; Rankin, 2000; Seung et al., 2014). 

Teachers need good role models for what inquiry-based teaching looks like, especially those who 

have low science teaching efficacy beliefs and limited pedagogical content knowledge in 

implementing inquiry-based instruction (Fitzgerald et al., 2019).  

In 2012 the National Research Council replaced the term ‘scientific inquiry’ with 

‘scientific practice,’ as the construct of inquiry had become fraught by misunderstandings and 

miscommunication (NRC, 2012). The science and engineering practices in the Next Generation 

Science Standards (NGSS) present a more crystallized vision of what students should do while 

engaged in science and can serve as pedagogical approaches for teachers (Halawa et al., 2020; 

NGSS Lead States, 2013). Although the NGSS eschews both the terms inquiry and 

constructivism, and other researchers continue to use phrases like ‘reform-based,’ the differences 

in terminology obscure universal consistencies. Most researchers and practitioners ascribe to 

some version of constructivism, even if not always made explicit in writing, because “rather than 

26



 

 

talk about how knowledge is acquired, they speak of how it is constructed” (Schunk, 2012, pg. 

139). 

TSI Pedagogical Framework 

The foundations of TSI are embedded in early constructivist ideas. TSI was developed at 

the University of Hawai‘i at Mānoa’s College of Education Curriculum Research & 

Development Group (CRDG; Pottenger, 2007; Pottenger & Berg, 2006; Pottenger et al., 2007). 

In addition to the ideas advocated by educational theorists like Bruner (e.g., 1966), Vygotsky 

(e.g., 1978), and Dewey (e.g., 1938) TSI is based on well-known instructional models (e.g., 

Bybee et al., 2006) and the disciplines of knowledge (King & Brownell, 1966). A central 

premise of TSI is that learning, including that done at the professional level through PD, is best 

accomplished through authentic application of knowledge and skills. This means teaching 

science the way science is practiced, with a focus on the nature of science and the collaborative 

nature of scientific inquiry.   

TSI was developed to address one of the difficulties surrounding inquiry-based 

pedagogy—that there is a range of inquiry definitions (Abd-El-Khalick et al., 2004; Settlage, 

2007) and a lack of models of inquiry-based instruction. The TSI framework makes inquiry 

accessible by explicitly defining components of good inquiry teaching, thus making the practice 

of inquiry-based teaching more comprehensible. Figure 2.1, a visual representation of the TSI 

framework, was used to introduce and guide teachers though the components in the PD. Aspects 

of the figure, and relationships, were introduced piece by piece as the components were 

introduced, modeled, and utilized over the course of the PD.  
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Figure 2.1 

How Components of the TSI Framework Relate to Scientific Inquiry 

 

Note. TSI components and their relationships to science and the inquiry process. TSI components are in bolded 

boxes. This figure was used with the teachers in the PD, components and their relationships were introduced 

gradually over the course of the PD, building to this representation. Modified from Duncan Seraphin et al. (2014).  

 

In a TSI classroom, teachers and students are linked as part of a disciplinary community. 

Students are expected to act as scientists by exhibiting the demeanors of scientists and engaging 

in the practices of science (Duncan Seraphin & Baumgartner, 2010; Duncan Seraphin et al., 

2017). Equal importance is placed on learning about the scientific process (e.g., what scientists 

do) and the scientific content (e.g., what scientists know). Deep understanding of both scientific 

content and process helps students build scientific habits of mind (Handler & Duncan, 2006). 
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Two of the main components of the TSI framework are the phases, a cycle of learning and 

instruction that illustrates how the inquiry process is multidirectional (Figure 2.2), and the 

modes, which emphasize the flexibility of science and the variety of ways to engage in scientific 

inquiry (Table 2.1). Like other learning cycles, the TSI phases are represented in a circular model 

(e.g., Bybee et al., 2006). Unlike other learning cycles, TSI rejects the existence of a fixed, step-

by-step progression through the cycle. The TSI phase diagram depicts this by providing an area 

for each phase to connect with each of the other phases, illustrating the interconnected nature of 

inquiry. The TSI modes of inquiry lay out a spectrum of inquiry practice, from guided to open-  

ended inquiry. To build students’ understanding of the nature of science, teachers are encouraged 

to use multiple modes of inquiry in their lessons. The TSI PD also emphasized the practice of 

metacognition (Brown, 1987; Flavell, 1976; Jacobs & Paris, 1987; NRC, 2001). Fostering 

student self-regulation and intentional learning is a difficult task, and metacognitive skills are 

difficult to report and assess because they often develop in the absence of conscious reflection 

(Schraw et al., 2006). However, studies have documented that the explicit teaching of 

metacognitive strategies can improve student learning and be an effective PD practice (Darling-

Hammond et al., 2020). In summary, the TSI phases and modes give teachers and their students a 

common language to describe and communicate about the scientific process to make their 

thought processes more explicit (Duncan Seraphin et al., 2013).  

TSI and NGSS 

The components of TSI are directly aligned with the NGSS (NGSS Lead States, 2013). 

The emphasis on initiation in TSI emphases connecting to students’ interests and experiences 

and how scientific investigations begin with a question. Its corollary in NGSS is beginning 

investigations with a phenomenon around which to structure an inquiry (NGSS Lead States, 
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2013; Penuel et al., 2020). The prominence of the instruction phase highlights the importance of 

social interaction and discourse in science teaching and learning and is a reminder that teachers 

must plan for interaction, including the use of effective questioning strategies, in their lessons 

(Reiser, 2013). While the teacher acts as research director in a TSI classroom, knowledge is 

socially constructed; both teachers and students can hold and communicate knowledge. The 

fluidity of the TSI phases accentuates that there is no single sequence of steps in a scientific 

investigation and serves to remind teachers that scientific knowledge, while reliable and durable, 

changes. The NGSS refer to this aspect of the nature of science as “scientific knowledge is open 

to revision in light of new evidence” (NGSS Lead States, 2013, Appendix H, p. 5).  

The TSI phase diagram serves to remind teachers that investigation, in all its forms, is 

only one of the phases; equal emphasis is placed on asking questions, developing explanations, 

and obtaining and communicating information. Teachers tend to overemphasize investigations 

(e.g., collecting data), as opposed to asking questions and developing explanations for 

phenomena. Using the phase diagram as a planning tool may help address this issue. In the PD 

the teachers were also taught to use the phases as a metacognitive tool to plan and reflect on their 

path through the process of inquiry. The importance of metacognition to the conceptual shifts in 

the NGSS is gaining prominence (e.g., Monroe & Brunsell, 2019). The explicit incorporation in 

TSI of attributes of the discipline of science aligns with research that has shown that 

understanding the structure of a discipline, including how it has a “code of patterns” and other 

organizational regularities, can help people learn more efficiently (Darling-Hammond et al., 

2020, p. 115). The TSI demeanors of scientists draw attention to how scientific knowledge is 

influenced by scientists’ attitudes and beliefs and that creativity plays an important role in 
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knowledge generation. The NGSS refer to this as “science is a human endeavor” (NGSS Lead 

States, 2013, Appendix H, p. 5). 

Figure 2.2  

The TSI Phase Diagram  

 

Note. The TSI phases illustrate the fluid nature of scientific inquiry; the phases are connected but without 

prescribed arrows in order to emphasize that researchers, teachers, and students move back and forth between phases 

throughout the inquiry process. The instruction phase encircles the other phases, linking it to each of the other 

phases. From Duncan Seraphin et al. (2017).  
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Table 2.1 

The Modes of Inquiry Addressed in TSI 

Mode Description 

Inquiry learning  

through use of 

 Search for new knowledge 

Curiosity Through informal or spontaneous probes into the unknown or predictable 

Description Through creation of accurate and adequate representation of things or 

events 

Authoritative knowledge Through discovery and evaluation of established knowledge via artifacts 

or expert testimony 

Experimentation By testing predictions derived from hypotheses 

Product evaluation About the capacity of products to meet valuing criteria 

Technology Through construction, production, and testing of artifacts, systems, and 

techniques 

Replication Through duplication; testing the repeatability of something seen or 

described 

Induction In data patterns and generalizable relationships—a hypothesis-finding 

process  

Deduction In logical synthesis of ideas and evidence—a hypothesis-making process 

Transitive knowledge In one field by applying knowledge from another field in a novel way 

 

Note. From Duncan Seraphin et al. (2017). 

 

The TSI modes emphasize that scientists employ an array of investigatory methods. 

Experimentation is just one of the ten modes. The modes counteract the chronic 

misunderstanding that NGSS calls for “hands-on” experiences (Lin, 2020), tunnel vision that 

misrepresents the full range of activities practiced by scientists in the real world (NGSS Lead 

States, 2013; Penuel et al., 2007; Smith, 2020). The authoritative knowledge mode elevates the 

role of the instructor, in part to grant teachers permission to, at the appropriate time, explain 
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science concepts to students. This addresses the misconception that the student-centered 

instruction exposed in the NGSS equates to open-ended inquiry (Fitzgerald et al., 2019; Halawa 

et al. 2020). Appropriately integrated explicit instruction enhances inquiry-based learning 

(Darling-Hammond et al., 2020).  

The NGSS represent a call for science education reform. Previous calls for reform, 

including the progressive movement championed by Dewey and the curriculum development 

movements of the 1950s and 60s championed by Bruner (e.g., 1966), were never systematically 

implemented, and had little overall effect on teaching practices (Rudolph, 2014). Although the 

NGSS are sophisticated standards that go beyond establishing what students should learn by 

outlining a conceptual shift in teaching, they are complex and their enaction is stymied as they 

are written and thus static (Friedrichsen & Barnett, 2018; Fulmer et al., 2018). Without PD to 

explain the NGSS and help translate them into teacher practice, they may go the way of other 

educational reforms and not be implemented in schools in a meaningful way. Connecting the 

NGSS with nature of science concepts may help teachers develop more coherent conceptions of 

the scientific process and enhance their implementation of the standards (Bartos & Lederman, 

2014). The PD that is the focus of this study was implemented before NGSS was rolled out in 

Hawai‘i. However, TSI strategies may have supported alignment with the NGSS. 

Choice of Content—Aquatic Science 

A main tenet of TSI is that inquiry instruction is more salient when taught through, and 

embedded in, content for context. On a national level, aquatic sciences have been marginalized 

in K–12 education, largely due to their absence in the NRC’s 1996 National Science Education 

Standards (Strang, 2008). This has resulted in an underrepresentation of the ocean in curriculum 

nationally (Hoffman & Barstow, 2007), a finding that is mirrored internationally (Fauville et al., 
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2018), and has resulted in a populace that is largely ocean illiterate (NRC, 2007; Steel et al., 

2005; Steel, 2006; Belden et al., 1999). Although one reason for the deficit of ocean content in 

K–12 education may be due to the difficulty in accessing the ocean, even in Hawai‘i, an island 

state, only about 7% of high school students take courses in marine science (L. J. Kaupp, 

personal communication, June 15, 2021). This is unfortunate considering how engaging the 

ocean has been shown to be as a context for learning (Lambert, 2001).  

Critical understanding of the ocean is essential to our future and thus to the broader goal 

of enhancing scientific literacy (Strang et al., 2007). The ocean affects every aspect of human 

life— from climate and food security to tourism and economic and social stability. Although the 

NGSS have made strides to rectify this aquatic content deficiency (NGSS Lead States, 2013), 

historical inattention has “resulted in a generation of Americans largely ignorant of the 

importance of the ocean” (Carley, n.d.); this generation gap includes many current teachers 

(Boubonari et al., 2013; Plankis & Marrero, 2010).  

The functioning of the marine environment is rooted in the interplay between physical, 

chemical, biological, ecological, and social processes (Larkin et al., 2015). Thus, using aquatic 

science as a cohesive content umbrella in a PD allowed not only for the coverage of 

underrepresented and poorly understood concepts, but also emphasized the interdisciplinary 

nature of science and made the PD accessible to a wide variety of educators. Although studies on 

effective PD recommend focusing on a single content area (Desimone et al., 2002; Garet et al., 

2001; Penuel et al., 2007; Yoon et al., 2007); the modular design of the TSI Aquatic PD allowed 

for each of these areas to be focused on individually, as well as for more broader connections to 

be made between disciplines. The NGSS emphasizes more integrated content (NGSS Lead 

States, 2013), and the importance of learning about connections among the different fields of 
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science in PD was recently ranked highly by 100+ physics education stakeholders (e.g., 

scientists, teachers, and educational researchers) from 42 countries (Kranjc Horvat et al., 2021). 

Integrating biological, chemical, geological, and physical characteristics of the ocean can 

increase students’ content knowledge (Lambert, 2006), in part due to the coherent nature of 

marine science (Lambert, 2001).  

Perhaps most importantly, marine science and the ocean has particular relevance to 

Hawai‘i. The ocean is meaningfully and substantially connected to the everyday issues and 

challenges of teachers and students living on an island, and is thus a rich source of relevant 

phenomena to ground inquiry investigations (NGSS Lead States, 2013). Place-based education 

connects students directly with their local environment, boosts student achievement, and results 

in an educated populace able to make better-informed decisions about environmental practices 

and sustainable resource use (e.g., Lovell et al., 2009). Using aquatic science as a cohesive 

content umbrella in a PD allowed for the coverage of underrepresented and poorly understood 

concepts and emphasized the interdisciplinary nature of science. Research on the effectiveness of 

aquatic science PD has been limited (although, see Goodale & Sakas, 2019 and Wulff & 

Johannesson, 2019). This study aims to add to the literature on this topic. 

Components of Effective PD 

One of the main complexities in empirically examining PD is that programs are wildly 

dissimilar, making it difficult to determine and compare program effectiveness (Koellner & 

Jacobs, 2015; Wei et al., 2009). However, some general recommendations have emerged: (a) 

apply and leverage adult learning theory (andragogy, e.g., Knowles, 1978), and (b) include 

characteristics found to be reflective of effective PD. Of note in designing teacher PD, Knowles 

(1978) suggested that adult learning environments be experiential (e.g., incorporate active 
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learning) and focused on problems of practice (e.g., problem-centered). One of the difficulties in 

effecting change in teachers’ behavior as a result of PD is that it is hard to improve upon 

established practices—even if those practices are ineffective. Slavin explained this challenge in a 

blogpost:  

For example, if as an adult you took a course in tennis or golf or sailing or bridge, you 

probably noticed that you learned very rapidly, retained what you learned, and quickly 

improved your performance in that new skill. Contrast this with a course on dieting or 

parenting. The problem with improving your eating or parenting is that you already know 

very well how to eat, and if you already have kids, you know how to parent. You could 

probably stand some improvement in these areas, which is why you took the course, but 

no matter how motivated you are to improve, over time you are likely to fall back on 

well-established routines, or even bad habits. (Slavin, 2019) 

Over time teachers develop routines and settle into patterns. If teachers run into 

difficulties enacting PD strategies they may settle back into their routines—unless the strategy 

solves a problem of practice and/or results in considerable student learning gains (Barron & 

Darling-Hammond, 2008; Darling-Hammond et al., 2020; Guskey, 2000; Klingner et al., 1999; 

Windschitl et al., 2012; although see Copur-Gencturk & Papakonstantinou, 2016). Adult learning 

theory also emphasizes that teachers have prior knowledge and expertise in addition to differing 

values, identities, and interests that they bring to PD (Sutton & Levinson, 2001). PD needs to 

recognize and leverage this experience and knowledge to enhance teacher motivation and buy-in 

(Loucks-Horsley et al., 1996; Opfer & Pedder, 2011). 

In the 1980s and 90s the literature on teacher PD was coalescing as interest in teacher 

learning intensified. A considerable amount of research began at this time, and still continues, 
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focused on describing the characteristics indicative of “best” PD practices—those associated 

with transformations in teacher practice which led to student learning gains. Adult learning 

principles are reflected in these lists of effective PD design features. These features of high-

quality, effective PD are widely cited and include: active learning and collaboration; the 

modeling of effective practice; iterative opportunities for professional experimentation, 

reflection, and feedback; a content-focus (i.e., utilization of content when teaching pedagogy as 

opposed to being content-agnostic); sufficient duration and intensity (including sustained 

support); coherence with school and district initiatives and priorities (practice-based); to use or 

align with evidence-based curriculum; and a theoretical base of teacher learning and change 

(e.g., CRDG, 2012; Darling-Hammond et al., 2017; Desimone, 2009; Loucks-Horsley et al., 

2010; Penuel et al., 2007; Sancar et al., 2021; Supovitz & Turner, 2000; Timperley et al., 2007; 

Wei et al., 2009; Yoon et al., 2007). In a review of the literature specifically on inquiry-based 

PD, Capps et al (2012) found a general alignment with the above features but emphasized also 

providing authentic inquiry experiences. Thus, the instructional strategies outlined above that 

guide constructivist learning are hypothesized to apply to students of all ages—children and 

adults. While the specifics of what each of these characteristics include or encompass varies by 

researcher, because these principles were generated from extensive literature reviews and meta-

analyses, they have become influential. Over the last two decades these factors have become 

widely adopted as best practices and are frequently cited as core or critical PD features, although 

typical teacher PD experiences rarely incorporate most of these (Linn et al., 2010).  

Criticism of Components 

While the recommendations for designing PD to be reflective of adult learning principles 

are uncontested, research on programs containing some or all of the “key” PD features has 
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yielded disappointing results (e.g., Arens et al., 2012; Bos et al., 2012; Garet et al., 2008; Garet 

et al., 2011; Givvin & Santagata, 2011) and there is little empirical evidence on the extent to 

which these features are associated with enhanced teaching and student learning gains (Asterhan 

& Lefstein, 2020; Desimone et al., 2002; Kennedy, 2016; Kowalski et al., 2020). Indeed, in the 

PD literature the emergent consensus is on the general lack of clarity about the features of PD 

that improve educational outcomes (e.g., DeMonte, 2013; Hill et al., 2013; Slavin et al., 2014). 

In general, critics have argued that these features are surface-level, and do not capture the 

mechanisms that explain how and why PD is, or is not, effective (Hill et al., 2020; Kennedy, 

2016). Recent studies have also contended that the evidence underpinning the generation of these 

principles is flawed (e.g., Sims & Fletcher-Wood, 2021). Lynch et al. note that this is “not 

because the studies on which the extensive reviews are based were weak or badly executed 

studies per se, but because most of them were never designed to test the question of PD 

effectiveness” (2019).  

This is not to say that “key” PD features are wholly ineffective, rather, additional 

research on these components is needed to determine which are more effective, or best in 

combination, or work best with different teachers in different settings (Kennedy, 2016; Lynch et 

al., 2019). Factors unrelated to PD design characteristics can also influence the effectiveness of 

PD. In 2020, a meta-analysis by Kowalski et al. found that, in addition to design factors, effect 

size estimates for teacher PD outcomes varied by research design (e.g., sample size, 

measurement tools), study context, and what aspect(s) of teaching and learning the PD was 

aiming to address (see also Desimone, 2009). Conceptual issues can also confound 

measurements—such as lack of clarity in the definition of key constructs, theoretical 
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frameworks, and/or theory of change (e.g., Gore et al., 2017). Most likely, effectiveness depends 

on how PD features are enacted (Kennedy, 2016).  

The literature on PD duration provides a good example of how researchers are taking a 

second look at a well-cited core PD component. For a long time, PD core feature lists were clear 

that long-term interventions had a greater impact on teacher practice and thus student learning 

(e.g., Banilower et al., 2007; Darling-Hammond et al., 2009; 2017; Garet et al., 2001; Scher & 

O’Reilly, 2009; Supovitz & Turner, 2000; Yoon et al., 2007), and short PD episodes were 

unlikely to be effective (e.g., Lydon & King, 2009). The hypothesis was that longer duration PD 

allowed educators time to try and reflect on new strategies, a key PD practice. However, recent 

reviews by Lynch et al. (2019) and Kennedy (2016) found no evidence of a positive association 

between PD duration and program impacts. Lynch et al (2019) postulates that this is due to the 

limited number of studies that meet review criteria, which limit the generalizability of the 

findings, and the decisions researchers make when they bin and analyze contact hours. There are 

PD programs that have a relatively short duration but moderate to large effects on student 

achievement (e.g., Clements & Sarama, 2007). There are also examples of intense PD that 

showed little or no impacts on teacher practice and/or student learning (e.g., Devlin-Scherer et 

al., 1998). While PD duration probably does have an effect, more contact hours cannot override 

poor PD content and strategies (Kennedy, 2016). If the PD is not useful, more hours will not 

help.   

Individual Experiences in PD 

Regardless of the nature of the PD, if the teacher exists within a context that prevents 

adequate translation of what was learned into the classroom, then the PD, and all of the 

associated expenses, were for naught (Fitzgerald et al., 2019). One of the root causes of 
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unsuccessful attempts to advance inquiry-based teaching is a lack of insight into the teacher 

characteristics and environmental factors involved in the process of behavior change (Guskey, 

1986; Wee et al., 2007). Many measures of change related to PD address teacher variables like 

attitudes, knowledge, or beliefs without trying to understand the constraints and affordances of 

teachers’ contexts (Allen & Penuel, 2015; Honig, 2006). Furthermore, in a recent review by Hill 

& Erickson (2019), few studies were found that incorporated teachers’ perspectives on program 

implementation. 

We rarely found teachers’ insights into typical barriers to implementation, typical 

difficulties working with ideas from professional development or instructional materials, 

and typical reasons in which implementation varied, qualitatively, from what the authors 

of the interventions intended. Improving program implementation at scale cannot occur 

without a more nuanced understanding of these issues. (Hill & Erickson, 2019, p. 596) 

Educators are active participants in the process of program implementation (Muijs et al., 2014). 

However, teachers react differently to educational innovations (Van Eekelen et al., 2006). Some 

embrace innovation, some are resistant to change, and some try new approaches but are 

dissatisfied and return to their previous practices (Larrivee, 2000). Understanding their adoption 

and adaptation pathways is crucial to understanding program success, as teacher successes and 

failures are key to program implementation. 

The likelihood of everyone learning something from any given PD opportunity is high—

but what people learn is highly individualized based on what they bring into the PD and what 

happens after they leave (Bell & Gilbert, 1996; Desimone et al., 2002; Franke et al., 1998; Minor 

et al., 2016). Different teachers have different outcomes. For example, Johnson et al. (2007) 

found that teachers in a PD all implemented the PD strategies differently based on differences in 
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their beliefs. It stands to reason that if meta-analyses show that PD is largely ineffective 

overall—that it can be effective for some teachers, but not others, resulting in an average of no 

effect. To adapt a metaphor from Slavin (2018), consider the population of teachers in PD as 

constituting three groups. One group of teachers already know the content before the PD. 

Another group of teachers is not going to learn or apply the PD content—regardless of the 

training. These two groups are unlikely to show any effects of the PD on content. However, the 

third group of teachers, those who do not know the content prior to the PD and for whom the 

content is applicable, is the only group likely to demonstrate gains as a result of taking the PD. 

But this third group of teachers’ gains are dampened by the other groups. In other words, average 

effects may be masking substantial individual variation.  

In summary, many variables are involved in whether or not a teacher makes a substantial 

and enduring shift in their practice. Features or programs that “work” in one setting or with one 

group of teachers may not work in another (Loucks-Horsley et al., 2010; Short & Hirsh, 2020; 

Starkey et al., 2009). Evaluating a teacher PD program requires a thorough understanding of the 

myriad of factors influencing teacher’s instructional practices and students’ learning. 

PD Frameworks 

PD designs vary in accordance with resources and the problems of practice they are 

designed to address. Thus, their hypothesized mechanisms for effecting change vary as well. But 

most researchers agree that effective PD occurs when there are gains in teachers' knowledge, 

changes in their beliefs and attitudes, and changes in their practices; a combination that results in 

improved student outcomes (e.g., Wei et al., 2009). Indeed, these are the core components of 

most PD theories of change. However, the mechanisms and direction of change varies across 

models. For example, Desimone’s (2009) highly cited model of effective PD indicates PD may 
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increase teacher knowledge and change teacher attitudes and beliefs toward teaching, thereby 

improving teacher classroom practice, which in turn results in increased student learning and 

achievement. Thus, change in beliefs leads to change in practices. In other models (e.g., Guskey, 

2002b), changes in practice lead to student learning, which then leads to changes in the teachers’ 

beliefs. Though the direction of this connection between beliefs and practice is emphasized 

differently in different frameworks, they are all simplifying complex systems and relationships. 

Regardless of the initial steps, the relationship between these variables is reciprocal, reinforcing, 

and heightened by professional experimentation and reflection (e.g., Clarke & Hollingsworth, 

2002; Deglau & O’Sullivan, 2006; Loucks-Horsely et al., 2010; Fishman et al., 2003; Remillard, 

2005).  

Bandura’s Theory of Reciprocal Determination 

I utilized Bandura’s (Bandura 1977, 1978, 1983a, 1983b, 1989; Bandura & National 

Institute of Mental Health, 1986) Theory of Reciprocal Determination to explore the findings of 

this study and situate it within existing literature (Figure 2.3). This triadic model offers a visual 

representation of the reciprocal interactions among an individual’s behavior, personal 

experiences, and environmental influences. The components of most PD theories of change can 

be aligned to this model. Personal factors include teacher characteristics like experience, beliefs 

and attitudes, content and pedagogical knowledge, efficacy levels, and motivation. 

Environmental factors include the influences of the PD, school and community, the influence of 

students, and the availability of resources. For example, the more teachers perceive students 

learn and are engaged (environmental factors), the more likely they are to implement a behavior; 

this success can enhance their self-efficacy (personal factor, Guskey, 2002b).  
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Figure 2.3  

Bandura’s Reciprocal Determination Model 

Note. Factors of reciprocal (triadic) determinism in Social Learning Theory (Bandura, 1977). 

 

The focus of this study is on interactions that support or suppress behavior related to the 

implementation of PD activities and pedagogy, including environmental factors that enhanced or 

hindered implementation and the cognitive factors that were measured in the original PD 

evaluation. These personal factors, discussed below, were understanding of inquiry-based 

teaching (pedagogical knowledge), content knowledge, pedagogical content knowledge, and self-

efficacy. As pedagogical knowledge is generally considered to be a subset of pedagogical 

content knowledge (Shulman, 1986), it is not discussed separately.   

Content Knowledge. Several studies have explored the relationship between PD and 

teacher content knowledge; most of these have found a positive association (e.g., Garet et al., 

2001; Heller et al., 2012; Supovitz & Turner, 2000, Yang et al., 2020b). Teachers who have 

science training (e.g., undergraduate or graduate degrees in science), and thus are likely to have 

higher levels of content knowledge, are more likely to use inquiry-based teaching strategies 

(Kolbe & Jorgenson, 2018; Smith et al., 2007). This may be because teachers who have less 

43



 

 

experience in science have conflicting views of the nature of science. Akerson and Hanuscin 

(2007) found that teachers who had little experience with the scientific process could view 

scientific knowledge as both a fixed body of knowledge and as subjective and tentative. As 

teachers’ understanding of inquiry increased by participating in an inquiry-focused PD, they 

became more aware of the nature of science and incorporated aspects of it into their instruction 

(Akerson & Hanuscin, 2007). 

However, while PD focused on subject-matter content is important, it must be in 

conjunction with pedagogical instruction, as PD solely focused on content is not linked to 

student achievement (Herrington et al., 2016; Yang et al., 2018). Similarly, when inquiry 

knowledge is considered separately, even if teachers view this pedagogical approach favorably, it 

has not been shown to translate into classroom practice (Abd-El-Khalick et al., 1998). PD 

programs that focus just on pedagogy have not found a positive effect on student achievement 

(Pellegrini et al., 2021). PD that addresses both content and pedagogy together are more effective 

(Duncan Seraphin et al., 2017; Heller et al., 2012; Lynch et al., 2019; Scher & O’Reilly, 2009; 

Smith et al., 2007), as challenges to PD implementation have been linked to gaps in both content 

and pedagogical content knowledge (Akuma & Callaghan, 2019; Kyriakides et al., 2017). 

However, studies evaluating long-term retention of PD gains in content and pedagogical 

knowledge are rare, and have shown mixed results (Clary et al., 2018; Sandholtz et al., 2016; St. 

Clair et al., 2020). This study aims to add to this knowledge base.  

As teachers with less subject-matter and inquiry experience are more likely to follow the 

structures and sequences in their textbooks (Gess-Newsome & Lederman, 1993), quality 

curriculum materials are an important guide, and crutch, to teachers’ implementation of 

educational innovations (McNeill, 2009). However, just supplying resources is insufficient in 
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transforming teacher practice, as teachers often find it difficult to discern strategies for engaging 

students in scientific inquiries from materials alone (Alozie et al., 2010). Thus, curriculum-

focused PD, centered around new materials and the content and pedagogy that underpins them, 

and that models instructional practices, is particularly effective at improving student achievement 

(Cohen & Hill, 1998; Southerland et al., 2016; Lynch et al., 2019).  

Pedagogical Content Knowledge. Pedagogical content knowledge is used to refer to the 

knowledge of how to teach content in a way that enhances student learning (Shulman, 1986). 

Cochran et al. (1993) described this as "a type of knowledge that is unique to teachers, and is 

based on the manner in which teachers relate their pedagogical knowledge (what they know 

about teaching) to their subject matter knowledge (what they know about what they teach)" (p. 

4). According to Magnusson et al. (1999) and Park and Oliver’s (2008) frameworks, components 

of pedagogical content knowledge include: (a) orientation toward teaching science; (b) 

knowledge of curriculum; (c) knowledge of learners; (d) knowledge of instructional strategies; 

and (e) knowledge of assessment. Gess-Newsome (1999) found that a strong science background 

is related to pedagogical content knowledge levels in science teaching, and studies have shown 

that pedagogical content knowledge builds with teaching experience (Lee et al., 2007; 

Magnusson et al., 1999; although see Rowan et al., 2001). However, empirical studies show both 

positive (Fishman et al., 2003; Garet et al, 2011; Supovitz & Turner, 2000) and insignificant 

(Drits-Esser et al., 2017) relationships between teacher pedagogical content knowledge and 

student learning outcomes. This discrepancy may be due to the multidimensional nature of 

pedagogical content knowledge, the measures used to assess it, and the wide range of content 

knowledge in science (Yang et al., 2020a).  
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Self-efficacy. Self-efficacy describes an individual’s belief about their ability to perform 

the behaviors needed to reach desired goals and is related to people’s effort and persistence. 

“People with high assurance in their capabilities approach difficult tasks as challenges to be 

mastered rather than as threats to be avoided” (Bandura, 1995, p. 11). Self-efficacy is a major 

component for understanding motivation, self-confidence, and anxiety as they pertain to teaching 

and learning (Bandura, 1997; Shahzad & Naureen, 2017; Zimmerman & Schunk, 2006). Of 

relevance to this study, self-efficacy centers around a teacher’s beliefs about their ability to 

influence student science learning and their ability to enact PD practices (e.g., Bandura, 1977; 

Settlage et al., 2009). Self-efficacy is essential to PD. Without self-efficacy, teachers will not 

implement innovations (Lakshmanan et al., 2011).  

As teachers accumulate mastery experiences, their confidence and self-efficacy increases 

(Bandura 1997; Padua, 2018; Ross, 1994). However, the link between self-efficacy and teacher 

practice is often more nuanced. For example, Herrington et al. (2016) found that two different 

self-measures of self-efficacy were not indicative of teachers’ classroom practices. Although 

interview data and observation of teachers in their classrooms indicated enactment of inquiry-

based practices had increased, their scores on one measure of self-efficacy remained stable or 

increased and their scores on another measure decreased. They attributed this in part to teachers’ 

developing a more sophisticated understanding of inquiry-based teaching over the course of the 

PD, and thus being more critical of their practice (Herrington et al., 2016).  

Importance of Environment. A number of environmental factors have been shown to 

both support and hamper PD implementation. PD is most successful when administrative support 

is clearly evident, when resources to implement the PD are provided including curriculum and 

supplies, and when innovations are aligned with policy initiatives at all levels—from school 
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culture to standards and other student learning outcomes (Banilower et al., 2007; CRDG 2012; 

Cohen & Hill, 2001; Desimone, 2009; Johnson et al., 2007; Klingner, 2004; Linn et al, 2010; 

Luft & Hewson, 2014). Students and peers are also important aspects of the environment that 

affect behavior. When teachers see students benefiting from a practice, they are more likely to 

implement it (Fullan, 1987; Klingner et al., 1999; Lynch et al, 2019; Guskey, 2002b). If teachers 

participate alongside their colleagues in a PD, they can benefit from informal discussions to 

troubleshoot issues, share successes and adaptations, and begin to take educational ownership of 

the innovation (Coburn, 2003; Datnow & Stringfield, 2000; Lynch et al., 2019). Conversely, a 

lack of supportive teacher networks can impede innovative implementation efforts (Coburn et al., 

2012). Additional common barriers to implementing PD include time restrictions, including 

mandated curriculum pacing and a lack of time for planning; excessive administrative loads; a 

lack of resources; and testing and other evaluative constraints (American Federation of Teachers, 

2017; Blumenfeld et al., 2000; Buczynski & Hansen, 2010; Fitzgerald et al., 2019; Hill & Chin, 

2018; Murrill et al., 2013; Pomerantz & Condie, 2017). Thus, even if a PD is of high-quality, 

there are several potential environmental hurdles and barriers to successful implementation  

Research Questions 

This is a mixed-methods case study that used a delayed post-test design (Shadish et al., 

2002). The purpose of this study was to examine the persistence of PD changes on the teachers’ 

practice, beliefs, and understanding of PD pedagogy and content 2.5 years after the completion 

of the program. The following three research questions guided this study:  

1. To what extent do the teachers’ survey response levels on the constructs (a) 

understanding of inquiry-based teaching, (b) aquatic science content knowledge, (c) 
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pedagogical content knowledge, and (d) self-efficacy, as operationalized by their 

respective instruments, change 2.5 years after the PD? 

a. A sub-question was: To what extent are variables that were significant in the 

original PD evaluation (i.e., teacher level, experience, subsequent PD 

participation) related to scores on the instruments? 

2. What personal and environmental factors do the teachers report enhanced and/or hindered 

their long-term implementation of PD pedagogical strategies and concepts?   

3. What are the relationships and/or patterns that describe the degree to which the teachers’ 

long-term implementation aligned to personal, environmental, and behavioral 

interactions? 

Question one entailed examining whether there was a statistically significant effect of the PD on 

instruments measuring constructs considered essential to the PD’s theory of change 2.5 years 

after the PD. To answer this question, I tested the significance of the change scores across three 

time points for each of four instruments. The sub-question explored if the variables found to be 

significant in the original PD evaluation (Duncan Seraphin et al., 2017) affected the teachers’ 

scores in this follow-up study. In other words, this question asked if the same patterns that were 

present in the original PD evaluation were present in this study. The second question addressed 

the extent to which the teachers reported the PD changed their practice and was explored in the 

teacher interviews. After the PD, the teachers who chose to continue to implement PD 

components did so by choice—what affected those choices? Question three was addressed in a 

convergent mixed-methods analysis. Using a combination of quantitative techniques and joint 

display tables and figures, I explored the relationships and patterns between the quantitative and 
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qualitative data guided by the factors and interactions in Bandura’s Theory of Reciprocal 

Determination.  
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CHAPTER 3 

METHODS 

This chapter begins with a description of the study design and the research participants. 

Next, I provide an overview of the instruments and the procedures by which they were 

administered to the participants. I then describe the methods used to analyze the data for each 

research question. Lastly, I discuss my own positionality with respect to this study.  

Design 

This follow-up study involved administering four quantitative instruments, (a) an Inquiry 

Teaching Assessment, (b) a content knowledge assessment, (c) a pedagogical content knowledge 

assessment, and (d) a self-efficacy assessment, and one qualitative instrument (an interview) to 

the participants at least 2.5 years after a year-long PD course. Three of the four quantitative 

instruments used in this study were identical to those utilized in the PD, the fourth was an 

abbreviated version of the original assessment. This resulted in a one-group pretest–posttest 

design with a second, follow-up, posttest. According to Shadish et al. (2002), this is represented 

as:  O1   X   O2   O3. In this setup, X represents the treatment (PD intervention), O1 represents the 

pretest observation (prior to the PD; August 2012), and O2 and O3 represent the two posttest 

observations (after the PD). The first posttest (O2) occurred immediately following the 

conclusion of the PD (June 2013), while the second posttest (O3) was administered at least 2.5 

years after O2 (Jan—May 2016) (see Figure 3.1 and Table 3.1). In addition to the quantitative 

instruments, interviews were conducted at point O3. While iterative testing using the same 

instrument can influence results due to participant familiarity with it (i.e., the testing effect, 

Shadish et al., 2002), the quantitative instruments were administered far enough apart (10 months 

between O1 and O2; 2.5 years between O2 and O3) to limit this particular validity threat.  
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Figure 3.1 

Data Collection Over the Course of the PD and at the Follow-up 

 
 

 

Table 3.1 

Study Design: Instrument Administration 

Instrument Pretest 

(O1, prior to PD) 

Posttest 

(O2, after PD) 

Follow-up 

(O3, 2.5 years after PD) 

Inquiry Teaching 

Assessment 

X X X 

Pedagogical content 

knowledge 

assessment 

X X X 

Self-efficacy 

assessment 

 X 

(Retrospective pre-post) 

X 

Content knowledge 

assessment 

Pretest and posttest before and after each of 

the four PD modules 

X 

Interview   X 
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For the second, delayed, posttest (O3, the focus of this study), the quantitative and 

qualitative data collection instruments were administered sequentially—the four quantitative 

assessments first, followed by the interview. Administering the same instruments that were 

employed by the PD was a straightforward way to investigate how the teachers’ post-PD scores 

had changed over time (Figure 3.2). The quantitative assessments addressed personal factors, 

while the interviews provided information about how interactions between personal, 

environmental, and behavioral factors affected teacher practices longitudinally. 

Figure 3.2 

Possible PD Instrument Score Trajectories: Stable, Increasing, or Eroding 

 

Note. All four quantitative instruments utilized in this study had pre- to post-PD gains, three of these gains were 

statistically significant.  

 

Although the quantitative instruments were administered first, the data were not analyzed 

prior to the interviews, and thus did not inform their design or administration. The quantitative 

and qualitative data can thus be considered distinctly collected; they were also analyzed 

separately before the results were merged, a convergent mixed method design (Creswell & Plano 

Clark, 2018). This allowed me to make direct comparisons between the teachers’ perspectives 

(collected through interviews) and traditional PD instruments. This permitted me to “give voice 
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to the participants as well as report statistical trends” (Creswell & Plano Clark, 2018, p. 72) and 

is illustrated in Figure 3.3. As part of the interview, I asked the teachers to respond to three 

close-ended questions. I examined these questions using traditional quantitative techniques and 

merged these data separately with the quantitative data, the instruments’ scores, before all the 

data were comprehensively analyzed.  

Figure 3.3 

Flow Chart of Convergent Mixed Methods Design Illustrating Collection, Analysis, and Merging 

of Qualitative and Quantitative Data  

 

Note. Close-ended questions administered during the interview were examined using quantitative methods and 

merged with the quantitative instruments’ scores prior to combining all the data. 

 

An overview of the research questions, data-collection instruments, representations (i.e., 

figures), and statistical approaches is in Table 3.2. The analytic methods section of this chapter 

details the statistical approaches by research question.  
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Table 3.2 

Research Questions, Instruments, Representations, and Statistical Approaches 

Research Questions Instruments Interview Represent-

ations 

Statistical 

approaches 

 In
q
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y
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Q1. To what extent do the teachers’ 

survey response levels on the 

constructs (a) understanding of 

inquiry-based teaching, (b) aquatic 

science content knowledge, (c) 

pedagogical content knowledge, and 

(d) self-efficacy, as operationalized by 

their respective instruments, change 

2.5 years after the PD? 

 

X X X X   

Histograms, 

boxplots, 

graphical 

display 

overview 

Reliability 

scales, 

descriptive 

statistics, 

paired-samples 

t-tests, 

correlations 

Q1A. To what extent are variables 

that were significant in the 

original PD evaluation (i.e., 

teacher level, experience, 

subsequent PD participation) 

related to scores on the 

instruments? 

 

X X X X   

Scatterplots, 

graphical 

display 

overview 

Paired-

samples  

t-tests; 

correlations 

Q2. What personal and environmental 

factors do the teachers report 

enhanced and/or hindered their long-

term implementation of PD 

pedagogical strategies and concepts? 

 

    X  

Graphical 

display 

overview 

 

Q3. What are the relationships and/or 

patterns that describe the degree to 

which the teachers’ long-term 

implementation aligned to personal, 

environmental, and behavioral 

interactions? 

X X X X X X 

Histograms, 

joint display 

tables and 

figure 

Paired-

samples t-

tests; 

correlations 

 

Limitations to the Design  

This study design has no control group, thus gains or losses cannot be attributed solely to 

this PD. Because there is no control group, a history threat to internal validity exists (Shadish et 

al., 2002). Events that co-occurred with the treatment (PD) or that occurred in the 2.5 years after 
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the PD could produce changes in the observations and thus affect both the results and their 

interpretation. Similarly, a maturation effect, referring to any changes in scores that would occur 

naturally and are unrelated to effects of the treatment, cannot be teased apart with this design 

(Shadish et al., 2002).  

One of the challenges of convergent mixed methods research designs is the difficulty that 

can arise if the quantitative and qualitative results do not comport (Creswell & Plano Clark, 

2018). Although these discrepancies can provide new insights into the topic under investigation, 

the nature of the design means they are not easily resolved by making adjustments to subsequent 

data collection. In addition, it can be challenging to merge textual and numerical data in a 

meaningful way, especially if the concepts addressed by each are different (Creswell & Plano 

Clark, 2018).   

Structural corroboration involves the use of multiple types of data to arrive at an 

interpretation. Gathering data from more than one source reduces the risk of chance associations 

and systematic biases. However, the teacher interviews were the only source of information 

about classroom behavior. Originally, an instrument designed to measure adherence, an 

important fidelity of implementation variable used to evaluate PD effectiveness (e.g., Hill & 

Erickson, 2019), was to be administered as part of the follow-up (posttest). However, during 

pilot testing of the interviews, it was apparent the teachers had difficulty determining when, and 

how often, they implemented activities. They also referred to the activities by a wide variety of 

names. Asking the teachers if they had implemented an activity may have led to inaccurate 

responses if the teachers either failed to recognize the activity as described or did not accurately 

recall their implementation frequency. Due to these issues, the decision was made not to have the 

teachers complete a questionnaire concerning their implementation of PD activities. Although 
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the interview was the only data source used to examine behavior at the follow-up time point, I 

corroborated my interpretations using multiple teacher perspectives.  

Participants 

The PD engaged five cohorts of Hawai‘i teachers, statewide, between 2009 and 2013. 

Cohorts 1–3 (41 teachers) were preparatory for the final two cohorts (Cohorts 4 and 5)—

meaning, the curriculum and evaluation instruments were revised and updated based on the 

findings derived from the first three cohorts. These adjustments were relatively minor (see 

Duncan Seraphin, 2014 for instrument development details). The teachers were recruited into the 

PD through email listservs and flyers. As part of their participation in the research portion of the 

program they were eligible for a stipend of $1,200 ($300/module). The teachers also had the 

opportunity to accrue up to 12 Hawai‘i Department of Education PD course credits over the 

course of the PD. The PD took place on Fridays (substitute teachers were provided), Saturdays, 

and Wednesday evenings. This follow-up study was not conceptualized until after the PD was 

completed.  

The teachers who participated in Cohorts 4 and 5, which took place during the 2012–

2013 school year on O‘ahu and Kaua‘i, were invited to participate in this follow-up study. I 

recruited the teachers in December 2015 and January 2016. To be eligible for this study, the 

teacher participants had to have (a) completed the PD, (b) finished all of the evaluation 

instruments, and (c) taught in a classroom for at least one full year after the intervention ended. 

The first two inclusion criteria ensured that participants had received the full intervention and 

would have easily comparable instrument scores. The last criterion ensured that they had the 

opportunity to implement PD materials with students after the PD had ended. 
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Of the 28 teachers in Cohorts 4 and 5, 25 were eligible for this study. The other three 

teachers had left the classroom within a year of the PD. Of the eligible teachers, one did not 

participate for health reasons, and one declined to participate. Thus, the analytic sample included 

23 teachers, representing 82% of the PD participants. Twenty-two teachers completed all of the 

follow-up study instruments (one teacher declined to be interviewed). Of 15 eligible O‘ahu 

teachers, 14 (93%) participated in this study. Of 13 eligible Kaua‘i teachers, 9 (69%) participated 

in this study (Table 3.3). The teachers were offered an incentive of $100 to participate in this 

follow-up study. Neither the teachers’ participation nor their responses had any bearing on their 

professional evaluations or eligibility for PD course credit.  

Demographic information, such as grade(s) and discipline(s) taught and number of years 

teaching science, was collected upon admission into the PD. The only additional demographic 

information collected for the follow-up study was gleaned from an interview question asking 

study participants: “What subject(s) and grade(s) have you taught since you participated in the 

TSI PD? At what schools?”  

Approximately a third of the teachers in the PD and in this follow-up study had taught 

science for eleven or more years, about a quarter had taught science between seven and ten years, 

and about 20% had taught science for two or fewer years (Table 3.3). Most of the teachers who 

participated in the PD and in this follow-up study were middle-school teachers (Table 3.3). Only 

one participant was an elementary-school teacher (5th grade), although three of the four sixth-

grade teachers in the PD, and one in this follow-up study, were housed in elementary schools and 

taught all subjects. Four of the five teachers who had participated in the PD, but did not 

participate in this follow-up study, were high-school teachers; the other was a middle-school 

teacher. Thus, the high-school teachers made up a smaller percentage of the follow-up study than 
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the PD (Table 3.3). The influence of teacher experience appears to be more substantial at the 

beginning of a teachers’ career; over time the benefits of experience level off (Gawlik et al., 

2012; Kini & Podolsky, 2016). Fifteen of the 23 teachers (65%) were “experienced,” defined as 

having five or more years of classroom experience prior to the PD. Seven of the 22 teachers 

(32%) were “novices,” defined as having three or less years of classroom teaching experience at 

the start of the PD. None of the teachers in this study entered the PD with exactly four years of 

teaching experience.  

Table 3.3 

Teacher Characteristics: Cohort, Years Teaching Science, and Grade Band  

Characteristic PD teachers  

(N = 28) 

Follow-up teachers  

(N = 23) 

 n % n % 

Cohort     

O‘ahu 15 53.6 14 60.9 

Kaua‘i 13 46.4 9 39.1 

Years teaching science (prior to PD)  

≤ 2  6 21.4 5  21.7 

3–6  5 17.9 4  17.4 

7–10  7 25.0 6  26.1 

≥ 11  10 35.7 8  34.8 

M 9.3   9.3  

SD 7.0  7.1  

Grade band taught  

Elementary school (grade 5) 1  3.6 1  4.3 

Middle-school (grades 6–8)  16  57.1 15  65.2 

High-school (grades 9–12) 11 39.3 7  30.4 

Note. The follow-up teachers were a subset of the PD teachers, not a separate sample.  
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Teachers were recruited from all science disciplines into the PD (Table 3.4). During the 

PD, the teachers taught many classes but had only one “focus” class where they had to  

implement PD activities. They could have chosen to implement activities in their other classes as 

well, but this was optional. In the follow-up interviews, the teachers listed every subject they 

were currently teaching as there was no longer any “focus” class. The fifth-grade teacher taught 

all subjects. Three of the teachers who were categorized as teaching general science in the PD,  

and one in this follow-up study, were sixth-grade teachers housed in elementary schools and 

taught all subjects. The teacher who did not participate in the interview, but did complete all of 

the quantitative instruments, was also a sixth-grade teacher housed in an elementary school. Two 

of the teachers taught in special education classrooms. More teachers reported teaching life 

science (middle school) or biology (high school) at the follow-up (n = 10, 46%) than during the 

PD (n = 5, 18%).  

Between the end of the PD and the start of this follow-up study many of the teachers 

switched discipline(s), including three teachers who became exclusively math and/or English 

teachers for a year before switching back to teaching science. Many had moved on from 

positions they had held during the PD. Four of the teachers were teaching in, or had taught, in 

different states (California, Arizona, New York, and Montana); two had moved into 

administration positions; and one had left the classroom for an informal environmental education 

position. Four of the teachers had changed grades and disciplines taught each year since the end 

of the PD.  
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Table 3.4 

Teacher Characteristics: Discipline Taught  

Characteristic PD teachers  

(N = 28) 

Follow-up teachers  

(N = 23) a 

 n % n % 

Science discipline(s) taught b     

Chemistry 1 3.6 2 9.1 

Earth/Space science 7 25.0 6 27.3 

Engineering/Robotics   3 13.6 

Life science/Biology 5 17.9 10 45.5 

Marine science 6 21.4 7 31.8 

Science (misc/general) c 6 21.4 7 31.8 

Physics/Physical  3 10.7 3 13.6 

Non-science discipline(s) taught 

All 4 14.3 2 9.1 

Math   2 9.1 

English   4 18.1 

Other d   2 9.1 

Resource teacher or administrator e   2  9.1 

Note. a Follow-up discipline information was only collected from 22 teachers as one teacher declined to participate 

in the interview. b During the PD the teachers taught many classes but only had one “focus” class where they had to 

implement PD activities. Thus, percentages for science discipline taught during the PD add up to 100. Percentages in 

the follow-up column do not add up to 100 as many of the teachers were teaching multiple disciplines. c 

Miscellaneous/general science answers included “science,” “AVID,” “elementary school science,” and “inquiry” in 

the follow-up. d Other responses included “tutor” and “technology.” e One teacher took an administrative position 

and one took on a science resource teacher role after spending at least a year in the classroom after the PD.  
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Instruments  

Quantitative Instruments 

 The use of multiple instruments (four quantitative, one qualitative) allows for the 

integration of information from different data sources to help validate the findings. The four 

quantitative instruments utilized in this study were also used in the PD evaluation. These 

instruments were originally chosen or developed to address the PD’s goals and evaluate the 

extent to which the teachers improved their (a) pedagogical content knowledge, (b) inquiry-

based science teaching knowledge, (c) self-efficacy in teaching science, and (d) aquatic science 

content knowledge between the beginning and end of the project. The instruments would thus 

provide a rough estimate of the effect of the PD on these aspects of the teachers’ science 

teaching. The purpose of the instruments in this follow-up study is similar; to estimate the degree 

to which the teachers changed on these scales from the end of the PD to 2.5 years later. A 

description of these constructs, the rationale for their inclusion, and the source of the instruments 

is described in Table 3.5. Scores on these instruments were validated through an iterative process 

of administration over multiple cohorts during the original project evaluation. For a full 

explanation of the development of these instruments and the score validation procedure, see 

Duncan Seraphin (2014). This follow-up study takes advantage of the applicability of the validity 

evidence detailed in the PD evaluation (Duncan Seraphin, 2014).  
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Table 3.5 

Description and Source of Instruments of Constructs on the Follow-Up Questionnaire  

Construct Description of construct and rationale for inclusion Source of instrument 

Content 

knowledge 

Content knowledge is declarative knowledge, or factual 

information. In this PD, content knowledge was focused on 

aspects of physical, chemical, biological, and ecological 

aquatic science.  

 

Effective PD is grounded in content (e.g., Garet et al., 

2001; Luft & Hewson, 2014). 

Science teacher content 

assessments (Duncan 

Seraphin, 2014) 

Inquiry-based 

science teaching 

knowledge   

Knowledge of inquiry-based science teaching is a type of 

procedural knowledge—knowing how to perform a task, in 

this case how to teach in an inquiry-based manner. 

 

PD is a format through which to address inquiry-based 

teaching misconceptions and train teachers to effectively 

implement inquiry in their classrooms (e.g., Smith et al., 

2007). Teachers’ conceptions of inquiry affect the 

likelihood that teaching practices advocated in inquiry-

based PD are implemented (Lotter et al., 2007). 

Inquiry Teaching Assessment 

(Duncan Seraphin, 2014), 

modified from the Pedagogy 

of Science Inquiry Teaching 

Test (Schuster et al., 2006) 

Pedagogical 

content 

knowledge 

Pedagogical content knowledge refers to the knowledge of 

how to teach a particular topic and encompasses knowledge 

of instructional strategies, conceptual models, and/or 

classroom activities (Scarlett, 2008). 

In science teacher PD, pedagogical content knowledge may 

be able to bridge the gap between content and pedagogical 

knowledge (Magnusson et al., 1999). 

Pedagogical Content 

Knowledge Scale (Duncan 

Seraphin, 2014), modified 

from Scarlett (2008) 

Self-efficacy in 

teaching science 

Self-efficacy is a measure of one’s belief in one’s ability to 

complete tasks (Bandura, 1997), in this case to teach in an 

inquiry-based manner. 

 

Teachers with higher self-efficacy are associated with 

higher levels of student achievement (see review in Ross & 

Bruce, 2007) and are more likely to use practices advocated 

by inquiry-based science PD in their classrooms 

(Lakshmanan et al., 2011) 

Self-efficacy in Science 

Teaching Scale (Duncan 

Seraphin, 2014), modified 

from Ayala (2005), Brandon 

et al. (2007) and  

Lawton (2005) 

 

Inquiry Teaching Assessment. The Inquiry Teaching Assessment was designed to 

measure the teachers’ understanding of the nature of inquiry-based science teaching in the 

classroom. Modified from the Pedagogy of Science Inquiry Teaching Test (Schuster et al., 2006), 

the instrument includes both selected-response (i.e., multiple choice) and constructed response 
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(i.e., short essay) prompts following seven short science-teaching vignettes (Appendix B). 

Although each vignette included a multiple-choice question, these responses were not analyzed. 

Rather, the teacher’s justification for each of their responses was measured. In the PD evaluation, 

the teachers’ responses on both the pre- and post-PD assessments were compiled into a single 

dataset. This was done to reduce possible rater bias that could have occurred if the raters knew 

which time point the responses came from and to reduce variability due to rater drift that may 

have occurred if the ratings were given on two separate occasions. Two trained raters used a 

rubric with a nine-point scale to rate the responses. Ratings were Rasch analyzed using a multi-

facet rating-scale model to estimate the teachers’ scores (Andrich, 1978; Linacre, 2010). The two 

raters’ internal consistency was high, with a Rasch reliability estimate of .95. Other descriptive 

statistics are provided in Table 3.6. The teachers’ scores yielded a gain of 1.24 standard deviation 

units from pre- to post-PD (p < .01). 

Table 3.6 

Descriptive Statistics of the Inquiry Teaching Assessment 

Time N M SD Min Max 

Pre 28 -1.01 1.24 -2.85 2.50 

Post 28 0.53 1.22 -1.82 2.65 

Note. N = 28. These values are from the PD evaluation report (Duncan Seraphin, 2014). Results are in logits based 

on scores from the multi-facet rating-scale model (Andrich, 1978; Linacre, 2010) under a Rasch analysis framework, 

with both the pretest and posttest scores modeled together to ensure scores at the two time points were on the same 

scale. Each teacher was rated on a nine-point performance assessment scale. There were two raters. The variability 

of the rater facet was approximately zero (M = 0.00) at both time points. The Rasch reliability of the person 

separation was .95. All seven items fit the model (within +/- 2.0 standardized units), with point-biserial correlations 

ranging from .72 to .84. The effect of the pre- to post-gain was strong (Hedges’ g = 1.24, p < .01). 
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Pedagogical Content Knowledge Assessment. The Pedagogical Content Knowledge 

Scale, hereafter referred to as the pedagogical content knowledge assessment, was developed to 

measure self-reported changes in this construct in science teachers who participated in PD 

(Scarlett, 2008). The instrument was based on a transactional model of pedagogical content 

knowledge and was developed to evaluate a PD program utilizing the same pedagogical 

framework (TSI) as the PD under study. It grouped six constructs addressing pedagogical content 

knowledge into three clusters—contextual (assessment and relevance), content (inquiry), and 

pedagogy (collaboration, discussion, and facilitation). The original instrument had 43 five-point 

Likert-type scale items; seven of these were removed when it was modified for this PD. Thus, 

the final instrument had 36 items. These changes were made because the PD facilitators thought 

the original instrument did not reflect shifts in the theoretical domain as defined and expressed in 

the PD. In the revised instrument 50% (18 of 36) of the items were in the “pedagogy” cluster, 

28% were in “context,” and 22% were in “content.” As the pedagogical cluster was composed of 

items addressing collaboration, discussion, and facilitation, this instrument leaned more towards 

assessing classroom management strategies than other aspects of pedagogical content 

knowledge.  

Pre- and post-PD, the teachers were prompted to select a response indicating how often 

they, or the students in their classes, engaged in certain behaviors. While the items were not TSI-

specific, they were considered reflective of the overall intent of the PD. The instrument had high 

internal-consistency reliability, with Cronbach’s alphas of .87 (pre) and .92 (post). The 

descriptive statistics for the scale are shown in Table 3.7. The pre- to post-PD gain was only 

approximately a quarter of a standard deviation unit (p > 0.05). The instrument is in Appendix C 

(part 1).   
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Self-efficacy Assessment. The Self-Efficacy in Science Teaching Scale, hereafter referred 

to as the self-efficacy assessment, was adapted from earlier scales (Ayala, 2005; Brandon et al., 

2007; and Lawton, 2005) by adding items that addressed components of TSI pedagogy. The 15 

six-point Likert-type scale items prompted the teachers to select a response indicating their 

degree of ability with respect to specific teaching practices. It was administered according to a 

retrospective pre-post design. In this approach, the teachers were asked to think about their levels 

of self-efficacy after having completed the PD, and then asked to reflect on their self-efficacy 

before participating in the PD. The rationale behind this administration choice was that the 

teachers would not be expected to be familiar with TSI pedagogy prior to the PD, thereby 

precluding them from making informed judgements of their self-efficacy. Retrospective pre-post 

administration designs are recommended when an intervention will change the respondents’ 

understanding of the questions, and thus invalidate their pretest responses (Aiken & West, 

1990). There are concerns about the role of confirmation bias with this type of administration, 

but research has shown that when this bias is present, traditional pretest-posttest comparisons can 

result in an underestimation of program effects (Cantrell, 2003; Pratt et al., 2000).  

The self-efficacy assessment had high internal-consistency reliability, with Cronbach’s 

alphas of .97 (pre) and .96 (post). The descriptive statistics for the scale are shown in Table 3.7. 

The teachers gained approximately 1.50 standard deviation units (p < .01) from pre- to post-PD. 

The instrument is in Appendix C (part 2).   
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Table 3.7 

Descriptive Statistics of the Pedagogical Content Knowledge Assessment and Self-Efficacy 

Assessment  

Instrument Time Nitems M SD seM Cronbach’s α Hedges’ g p-value 

Pedagogical 

content 

knowledge 

assessment a 

Pre 36 3.84 0.36 0.07 .87 

0.24 .21  

Post 

 

36 

 

3.93 

 

0.36 

 

0.07 

 

.92 

Self-efficacy 

assessment b 

 

Pre 15 3.52 0.99 0.19 .97 

1.50 < .01  

Post 

 

15 

 

4.79 

 

0.67 

 

0.13 

 

.96 

Note. N = 28. These values, the results of a repeated measures general linear model, are from the PD evaluation 

report (Duncan Seraphin, 2014).  

a Response categories ranged from 1 (never) to 5 (always). b Response categories ranged from 1 (low ability) to 6 

(high ability). 

 

Content Knowledge Assessment. The only quantitative instrument modified for the 

follow-up study was the selected-response aquatic science content knowledge assessment. In the 

PD, a content knowledge assessment was administered prior to and after each of the four PD 

modules. A total of 141 content questions were administered twice (pre and post) over the course 

of the school year (module 1 = 30 items, module 2 = 40 items, module 3 = 37 items, module 4 = 

34 items, see Duncan Seraphin, 2014 for details). The results of these assessments by module are 

detailed in Table 3.8. Six of 141 items originally administered were excluded after examining 

how the item functioned and conducting distractor analysis. In the original PD evaluation, as 

displayed in Table 3.8, only items with a difficulty index of .75 or less on the pretest were 

included in the analysis. As administering all 141 of the content items was unrealistic for this 

follow-up study, I developed a new assessment composed of a subset of the original items.  
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Table 3.8 

Teacher Content Knowledge Assessment Results  

Instrument Nteachers
 a Nitems M b SD seM Min b Max b KR-20 Hedges’ g 

Module 1 

Pre 
31 29 

19.39 

(66.9%) 
5.33 0.96 

9 

(31.0%) 

29 

(100%) 
.83 

0.66 

Module 1 

Post 
31 29 

22.68 

(78.3%) 
4.58 0.82 

14 

(48.3%) 

29 

(100%) 
.82 

Module 2 

Pre 
29 38 

25.14 

(66.1%) 
7.15 1.33 

10 

(26.3%) 

37 

(97.4%) 
.87 

0.76 

Module 2 

Post 
29 38 

30.10 

(79.2%) 
5.88 1.09 

18 

(47.4%) 

37 

(97.4%) 
.86 

Module 3 

Pre 
28 36 

19.71 

(54.7%) 
5.62 1.06 

9 

(25.0%) 

29 

(80.6%) 
.80 

0.76 

Module 3 

Post 
28 36 

24.00 

(66.7%) 
5.58 1.05 

9 

(25.0%) 

34 

(94.4%) 
.81 

Module 4 

Pre 
28 32 

15.25 

(47.8%) 
4.39 0.83 

9 

(28.1%) 

25 

(78.1%) 
.66 

1.01 

Module 4 

Post 
28 32 

19.96 

(62.5%) 
4.90 0.93 

13 

(40.6%) 

28 

(87.5%) 
.75 

Note. These values, the results of a repeated measures general linear model, are from the PD evaluation report 

(Duncan Seraphin, 2014). All pre-post differences were significant (p < .0001). 

a Although 31 teachers started the PD, only 28 teachers completed it. b Percentages are percent-correct scores.  

 

 In order to develop a new assessment, I first assigned each of the original 141 items a 

content area (e.g., density or sampling). Then I determined in which activities the content was 

addressed. Each of the four modules had “mandatory” content activities that teachers were 

required to implement (one in modules 1–3, two in module 4) and two “choice” content activities 

in which teachers could choose which of the activities they would implement (with the exception 

of module 4, which did not have any choice content activities). Most of the PD time was spent on 
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the mandatory and choice activities, and the teachers were given the supplies to implement these 

activities. Since the other activities were less likely to have been implemented by the teachers, I 

made the decision to focus on the content covered in the mandatory and choice activities, 

reflecting what the teachers had the most opportunity to learn. This criterion eliminated 58 of the 

original 141 content knowledge items (41%). 

I then calculated item-difficulty indexes. Although these were estimates, I used them to 

make decisions about which items to select for the new version of the instrument. However, the 

overall size of the sample was a limitation. Thus, I do not know if item-difficulty values were 

due to item functioning or sampling error as high accuracy and precision cannot be assumed 

when using small samples.  

 I first calculated the item-difficulty index on the pre-assessment and then the item-

difficulty-index change (pre-to-post PD gains) for each content knowledge item. If the item 

difficulty index on the pretest was high this meant there was a ceiling effect—most of the 

teachers knew the content coming into the PD. Sixteen items (11% of the original 141 items) 

were eliminated because they showed a ceiling effect, they had an item-difficulty index on the 

pretest greater than or equal to .85. If the item-difficulty-index change was small, it could either 

mean the PD did not affect content knowledge assessed by the item, or that the item was flawed 

in some way (i.e., written poorly, or was measuring a different construct). Sixteen items (11% of 

the original 141 items) were eliminated because they had small item-difficulty-index changes, 

their item-difficulty-index changes between the pretest and posttest were less than or equal to .1. 

An item’s sensitivity to growth can also be confounded with the effectiveness of the PD to cause 

growth. Thus, I do not know if the items I removed had small item-difficulty-index changes due 

to flaws with the item, content misalignment, or PD effectiveness. I only kept items that showed 
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growth over the course of the intervention—but I do not know if this was due to the PD, or 

something else, as I did not look at the items’ sensitivity to change with another population. 

Thus, I may have made spurious conclusions about the effects of the PD on content knowledge 

items.  

In summary, items were removed if (a) the item was not aligned to classroom activities 

the teachers had to implement (58 items removed, 41% of the original 141 items), (b) the item-

difficulty index on the pretest was greater than or equal to .85 (16 items removed, 11% of the 

original 141 items), or (c) the item-difficulty-index change between the pretest and posttest was 

less than or equal to .1 (16 items removed, 11% of the original 141 items). Applying these 

criteria decreased the list of potential content knowledge items from 141 to 51.  

I then looked at item discrimination—an estimate of how well an item functions at 

distinguishing between people on the low and high ends of the scale. I calculated point-biserial 

correlations, which are correlations between dichotomous (0,1) posttest scores on each item and 

the total raw score, and item-total correlations on posttest items. The item-total correlation is an 

adjusted point-biserial correlation whereby the item response is correlated with the total score 

after that item has been removed. For these calculations I used the total scores from all four 

content areas (modules 1–4—physical, chemical, biological, and ecological aquatic science) as 

opposed to using the scores from the item’s content area (e.g., just chemical aquatic science). 

Focusing only on content categories with more than five items, I removed those with the lowest 

point-biserial and item-total correlations. Thus, if a content category (e.g., density) was 

associated with seven items, I removed the two with the lowest point-biserial and item-total 

correlations—even if they had high item-difficulty index changes. Thus, I retained items with 

lower item-difficulty index changes whose scores were more strongly correlated to the overall 
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test score. This process of elimination removed ten items, five of which had high item-difficulty 

index changes (0.3 and above). It preserved items that were not correlated well to the overall test, 

but which addressed content categories with three or less items. For example, the electrolysis 

items had particularly low correlations to overall test scores but were retained because an activity 

on electrolysis was a choice classroom activity in module 2. After these adjustments, the final 

number of items on the follow-up content knowledge assessment was 41. The final content 

knowledge assessment is in Appendix D; item-difficulty index changes, pre-values on pretest, 

point-biserial correlations, and item-total correlations are in Appendix E. Table 3.9 shows the 

number of items per module and how items on the final content knowledge assessment aligned to 

the PD content.  

Module 1 includes one item aligned to an overarching PD goal rather than a specific 

activity—that Earth has one ocean composed of many ocean basins, as opposed to distinct 

oceans (Table 3.9). This highlights how the world ocean is connected (e.g., through its water 

circulation and biological activity), and has important conservation implications.  

The descriptive statistics and reliability estimates (KR-20) for the 41-item follow-up 

instrument, hereafter referred to as the content knowledge assessment, based on the original PD 

evaluation pre-PD (pretest) and post-PD (posttest) scores are shown in Table 3.10. Reliability 

estimates were .86 for the pretest and .88 for the posttest; this is higher than the average internal-

consistency reliability estimate for the eight original assessment administrations (N = 8, M = .80, 

SD = 0.07). The raw score gains (pre-PD - post-PD scores) ranged from 1 to 18 points. The 

percentage correct ranged from 20–80% on the pretest and from 39–98% on the posttest. There 

was a mean gain of 23.8 percentage points from pretest to posttest (Mpre = 51.7%; Mpost = 75.5%).   
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Table 3.9  

Alignment of Follow-up Content Knowledge Assessment Items to PD Content 

Module Content Alignment Nitems 

1 (Physical) One ocean Overarching PD goal 1 

 Density Mandatory & Choice activities a 5 

 Moon/Tides Choice activity 3 

  Module 1 Total 9 

2 (Chemical) Water properties Mandatory activity 5 

 Electrolysis Choice activity 3 

 Solubility/Conductivity Choice activity 3 

  Module 2 Total 11 

3 (Biological) Scientific language Mandatory activity 4 

 Fish Choice activity 3 

 Evolution Choice activity 3 

  Module 3 Total 11 

4 (Ecological) Sampling Mandatory activity 5 

 Abundance Mandatory activity 5 

  Module 4 Total 10 

  Grand Total 41 

 
a Density was the content of both the mandatory activity and one of the choice activities in module 1.   
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Table 3.10 

Follow-up Content Knowledge Assessment Descriptive Statistics  

Time Nteachers Nitems M a SD seM Min a Max a KR-20 

Pretest 28 41 
21.21 

(51.7%) 
7.48 1.41 

8 

(19.5%) 

33 

(80.5%) 
.86 

Posttest 28 41 
30.96 

(75.5%) 
6.79 1.28 

16 

(39.0%) 

40 

(97.6%) 
.88 

a Percentages are percent-correct scores. 

 

 Limitations of the Instruments. To examine changes in the teachers’ understanding and 

use of constructs over time, I adopted, with some revisions, the same instruments utilized in the 

PD evaluation. Although the instruments were developed iteratively and evaluated for validity, 

three out of four were originally developed in-house, which can produce larger than average 

effect sizes (Hill et al., 2020; Wolf, 2021), and the theoretical underpinnings of some of the 

scales (i.e., self-efficacy and pedagogical content knowledge) have shifted since their 

conceptualization. However, the benefit to implementing the same instruments in the follow-up 

study, even though they have some flaws, is that the scores can be readily compared on the same 

scale across time points. Because the quantitative instruments used in the current follow-up study 

are the same or very similar to the original instruments used to evaluate the project, the intended 

interpretation and use of the instruments did not change between administrations. The change in 

context due to the temporal shift in administration of the instruments was examined through 

interviews. 

 Content Knowledge Assessment Limitations. The content knowledge assessment likely 

does not meet the assumption of unidimensionality. However, the original four module content 
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assessments also likely did not meet this assumption. The content items were written to assess 

the content addressed in each module, which were roughly grouped by discipline area (physical, 

chemical, biological, and ecological aquatic science). However, several topics were not closely 

tied to the discipline module in which they were addressed (e.g., scientific language in the 

biological module and data interpretation and plankton in the ecological module). The scientific 

language items aligned to a mandatory implementation activity and were thus kept in the final 

revision of the content assessment. However, the data interpretation and plankton questions were 

removed as these questions were not tied to mandatory or choice PD activities. Content topics 

covered in each module shared fundamental underlying concepts but may not have been grouped 

together by other researchers (e.g., density and moon/tides into physical aquatic science). This 

presents some challenges to interpreting the scores of the content knowledge assessment(s), in 

both the original PD evaluation and this follow-up study, because they do not reveal whether 

teachers’ gains or losses are due to one dimension or the combination of dimensions. In the final 

version of the follow-up instrument the number of items per module was about the same 

(between 9 and 11), resulting in approximately the same representation of each of the four 

dimensions in the total test score.  

Another limitation to the content knowledge assessment is that I do not know if the items 

I removed had small item-difficulty-index changes due to flaws with the item, content 

misalignment, or PD effectiveness. Only items that showed growth over the course of the PD 

intervention were utilized, but I do not know if this growth was due to the PD, or something else, 

as there was no comparison group. This weakens the validity of claims about the teachers’ 

changes in content knowledge from this instrument. This limitation means that inferences drawn 

from this instrument should be interpreted with caution. 
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Qualitative Interviews 

The main purpose of the teacher interviews was to obtain a more complete picture of the 

phenomena under study (Creswell & Plano Clark, 2018). I utilized a semi-structured interview 

protocol to provide the detailed insights and rich contextual information needed to understand 

the challenges and successes the teachers experienced implementing PD components. The 

interviews focused on (a) eliciting and probing information about the nature and degree of each 

teacher’s implementation of classroom practices targeted by the PD intervention, (b) situating the 

PD within the context of each teacher’s overall learning and practice, and (c) gathering 

contextual information about factors that enhanced or hampered the use of PD components.  

Of the 23 teachers who completed the quantitative instrument portion of the study, 22 

(96%) participated in the interview. Because the limited scope of the interview resulted in the 

collection of a relatively small amount of information per person, there was a risk of insufficient 

data collection. However, the number of teachers interviewed was higher than many other long-

term PD studies (e.g., Padua, 2018; Shaharabani & Tal, 2017), thus even if the interviews were 

limited in duration the number of people surveyed hopefully provided some level of data 

saturation.  

I carefully created interview questions following standard instrument development 

procedures. First, a list of PD and implementation variables was generated through (a) reviewing 

TSI pedagogy and PD documents, (b) examining the post-PD interview prompts for items to re-

use or modify, (c) consulting with PD project and evaluation team members, and (d) examining 

PD literature. I then operationally defined the variables and used them to identify potential items 

from existing PD evaluation instruments, as well as generate new items. The final interview 

protocol consisted of five sections: 
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1. Practical significance—of PD content and TSI pedagogy,  

2. Application—the extent to which the participants felt they applied what they learned 

in the PD and what enhanced or hindered this application,  

3. Implementation—the extent to which the participants implemented PD activities 

(including reasons for implementation, modifications to activities, and what enhanced 

or hindered implementation), 

4. Teaching Practice—if the participants thought their practice had changed and why, 

and 

5. Professional trajectory—how the PD fit into the participants’ overall learning and 

professional growth. 

 In addition, the teachers were asked about their current positions (e.g., teacher, 

administrator) and answered questions regarding where and what they taught (i.e., school(s), 

grade level(s), and subject area(s)) since the PD ended). The teachers were also asked to briefly 

describe any significant PD experiences they had had since the end of the PD (which would 

subsequently be dichotomously coded as yes or no) and answer one Likert-scale question about 

their current implementation of PD activities and one forced-choice question with ordered 

categorical data responses about their current application of PD practices.  

 I conducted verbal cognitive interviews with two teachers who were not eligible to 

participate in this study, but whose PD participation meant they were familiar with TSI pedagogy 

and terminology. These interviews were used to determine whether the instrument was 

functioning well, to inform and refine the interview questions, and to identify where edits to the 

protocol needed to be made. I followed a think-aloud protocol with some post-protocol probing, 

following guidelines according to Beatty and Willis (2007). I revised the interview protocol and 
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questions after each teacher participated. For example, the intent of the interview questions was 

to gather information about the teachers’ implementation of PD components and self-perceived 

pedagogical shifts after the completion of the PD 2.5 years ago. However, the verbal cognitive 

interviews indicated that it was difficult for the teachers to differentiate between changes that 

occurred in their teaching practice concomitant with the PD and any changes thereafter. This 

may have been because the teachers participating in the verbal cognitive interviews had left the 

classroom after the PD and thus focused more on past or future teaching as opposed to current 

teaching. Regardless of the reason, I updated the wording of the questions to elicit clearer 

answers. In addition, the verbal cognitive interviews indicated that the teachers were not 

confident about whether they implemented specific PD activities during the PD or after the PD 

ended, and sometimes got the PD activities confused with similar activities. For example, in the 

PD we modeled an inquiry-based fish-printing activity to examine form and function. One of the 

teachers said they did fish printing in their class prior to the PD, during the PD, and after the PD. 

I did not know if this teacher was implementing the PD version of the activity after the PD, or 

had reverted to their prior version of the activity. I updated question prompts about 

implementation to take these memory lapses into account. Lastly, the teachers who participated 

in the verbal cognitive interviews often wanted to share how specific activities were 

implemented in their classrooms and how they were received by students—even if the questions 

did not explicitly ask for this information. As I considered this information indicative of the 

teachers’ perceptions of students’ learning and engagement, I did not reword question prompts to 

lead to more succinct answers.  

 To control for researcher bias, one of the members of the PD evaluation team conducted 

the interviews. The interviewer had extensive experience and training in conducting semi-
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structured interviews. While key questions were predetermined to allow for systematic data 

collection and enhance objectivity, the interviewer also had the flexibility to be conversational 

and respond to situational factors. The interviewer aimed to cultivate an environment where the 

teachers felt comfortable saying what they thought—whether critical or supportive of the PD. 

The interviewer made the purpose of the study very clear to the participants—we were not 

researching or evaluating them. Rather, their responses, together with others, would help us 

understand the overall effect of the program. The interviewer stressed that the teachers’ 

responses were confidential, and that we appreciated their forthright and honest answers (see 

Appendix F for interview slides).  

Procedures 

  One of the original evaluators of the PD corresponded with the participants and 

administered all of the instruments, thus decreasing the threat of social desirability to internal 

validity (King & Bruner, 2000). By not conducting the interviews and not observing the teachers 

in their classrooms, I sought to minimize any alteration of the participating teachers’ behavior 

through Hawthorne or novelty effects (Onwuegbuzie & Leech, 2007).  

An initial email invitation to participate in the follow-up study was sent in late December 

2015. Subsequent invitation emails were sent during the following weeks. With the exception of 

one potential participant, all of the teachers were successfully contacted. After the participants 

signed the study consent form, we administered the instruments in tiers. Only once a participant 

had completed an instrument, were they sent the next instrument in the sequence. First, they were 

sent the Inquiry Teaching Assessment, then the content knowledge assessment, and finally the 

self-efficacy and pedagogical content knowledge assessments, which were bundled together as a 

single instrument. This bundling was also done in the PD. Instruments were administered in the 
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same order as in the PD. This order was chosen to prioritize the Inquiry Teaching Assessment, 

which takes the longest to complete (Table 3.11) as it prompts the participants to respond to 

open-ended questions. The subsequent instruments took progressively less time to complete. All 

instruments were administered asynchronously online through SurveyMonkey; this platform was 

also used in the PD evaluation and was thus familiar to the participants.  

When all of the quantitative instruments had been completed, the participants were 

scheduled for interviews. With the exception of three interviews, all were conducted through 

Blackboard Collaborate. This platform was used extensively during the PD, as well as for post-

PD interviews, and was thus familiar to the participants. All of the online interviews were 

recorded for later transcription. Three interviews were conducted in-person at the request of the 

participants; for two of these, the audio was recorded. One interview was conducted in-person 

during a participant’s class. As students were in the room, the interview could not be recorded; 

instead, the interviewer took detailed notes. The final interview took place in July 2016; thus, the 

data collection for this study took approximately seven and a half months.  
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Table 3.11 

Follow-up Aquatic Science Content Knowledge Assessment Descriptive Statistics  

Instrument Order in 

sequence 

Administration 

dates 

M 

(min) 

SD 

(min) 

Range 

(min) 

Inquiry Teaching 

Assessment 
1 1/1–3/2/2016 49:03 a 23:16 a 17:15–100:50 a 

Content knowledge 

assessment 
2 1/9–6/13/2016 27:40 11:34 09:43–59:07 

Pedagogical content 

knowledge & 

self-efficacy 

assessments 

3 1/11–6/09/2016 9:34 b 4:50 b 05:18–21:51 b 

Interview 4 1/21–7/15/2016 44:16 14:20 14:00–75:00 

Note. N = 23 for all instruments except the interview where N = 22. 

a This does not include three responses that lasted over three hours. Seven responses that were included were over an 

hour. Longer response times indicate the participants likely responded to the questions over multiple sessions. b This 

does not include two responses that took over thirty minutes.  

 

Analytic Methods  

Research Question 1—Analysis of Quantitative Data 

Preparatory Steps. For each of the quantitative instruments, I calculated the reliability 

of the scales, and analyzed the items using descriptive statistics at each time point (pre-PD, post-

PD, and follow-up). In preparation for running paired-samples t-tests, I examined four statistical 

assumptions (a) the variable is on an interval or ratio scale, (b) the respondents are independent, 

(c) the data are approximately normally distributed, and (d) there are no outliers. Each of the four 

variables (the Inquiry Teaching Assessment, content knowledge, pedagogical content 

knowledge, and self-efficacy scores) are on an interval scale; the Likert-type scale assessments 
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because of the number of effective scale points (five or more for each scale; Rhemtulla et al., 

2012). Regarding the assumption of independence, seven of the 23 teachers (30%) were from the 

same three schools on Kaua‘i because of the limited number of schools on this largely rural 

island. Two of these teachers were spouses. I do not know if the teachers socialized in similar 

circles, but based on their interactions at the beginning of the PD, it appeared as if those from 

different schools did not know each other. However, the nature of the data collection (online) 

precluded the teachers from assisting each other in completing the assessments. And while some 

of the teachers may have inadvertently violated this assumption, the teachers stood little to gain 

from helping each other. Thus, I am assuming the respondents are independent enough. For the 

assumptions having to do with normality and outliers, I examined score distributions for each 

time point with histograms and boxplots. The statistical assumption of normality was examined 

using the Shapiro-Wilks test of normality on each of the respondents’ difference scores between 

time points on each of the four variables (e.g., the difference between the post-PD and follow-up 

time points). This resulted in 12 tests (three difference scores for each of the four variables). 

Where non-normality was found, the differences were examined with histograms. If the non-

normality did not appear to be severe, it was stated as a limitation. If the non-normality was 

strong, and due to outlier(s) that affected the mean and caused the variance to expand, I used the 

Wilcoxon signed-rank test (a non-parametric analogue to the paired t-test) instead. Additional 

details concerning the preparatory steps for the analysis of the Inquiry Teaching Assessment 

follows. 

Inquiry Teaching Assessment. Two raters coded each of the participants’ constructed-

response Inquiry Teaching Assessment items using a holistic rubric developed in the PD. Rubric 

scores ranged from -1 to +3 in half point increments, equating to a 9-point scale. The same raters 
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were used for this study as in the PD. One of the raters was on the PD evaluation team and had 

expertise in teaching and assessing adults, while the other rater was a state-level science 

administrator who was one of the PD facilitators. 

I asked the raters to assess two dimensions on the Inquiry Teaching Assessment: (a) the 

teacher’s understanding of what inquiry looks like in the classroom, ranging from 

misconceptions to deep and comprehensive understanding, and (b) the relevance of the 

information provided to justify their responses, including how much written material the 

teachers’ provided for the raters. For the first dimension, I asked raters to focus on the indicators 

that suggested the teacher understood what teaching science as inquiry looked like in a 

classroom, rather than on the correct usage of TSI terminology. One teacher might, for example, 

have used the TSI term “initiation phase,” while another teacher might have provided a 

description that showed they understood what the initiation phase was, even if they did not use 

those exact words in their description. Alternatively, a teacher whose response indicated they did 

not understand what TSI pedagogy looked like in practice might have used TSI terminology in 

their response. To address the second dimension, the rubric included statements such as “There is 

some evidence that…” or “There is strong evidence that…”. I instructed the raters to give a score 

of zero when not enough information was given in the response to make a definitive judgment. A 

zero score could also represent a balance between a teacher’s understanding and misconceptions 

about inquiry-based teaching and what it looks like in practice. I instructed the raters to give 

negative scores when there was evidence that a teacher’s misconceptions more than offset their 

understanding of what inquiry-based teaching looked like. 

 To examine and account for any drift in raters’ scoring over time, between when the 

original PD responses were rated (2013) and when the follow-up study responses were rated 
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(2016), the post-PD responses from seven teachers were embedded in the follow-up responses 

and re-coded in 2016. These responses served to anchor the follow-up scores so they were on the 

same scale as the scores from the PD evaluation. I chose the seven teachers from a stratified 

random sample of high, middle, and low scoring participants on the post-PD administration of 

the Inquiry Teaching Assessment. High-scoring teachers scored at least one logit above the mean 

score, while low-scoring teachers scored at least one logit below the mean score. These were 

estimated with the multi-facet rating-scale Rasch model in the original study. Two teachers were 

chosen from each of the “high” (N = 9) and “low” (N = 6) categories; three teachers were chosen 

from the “middle” category due to the number of individuals in this category (N = 13). I assigned 

all of the teachers’ responses a random identification number so the raters could neither identify 

the teacher nor determine response time period (post-PD or follow-up).   

 Before rating the full set of responses, the raters practiced on 15 items in a practice set. 

After individually rating each of the practice responses, the raters shared their scores and 

discussed any discrepancies to make sure they were in agreement about how to score responses 

in accordance with the rubric’s criteria. After discussion, the raters were within 0.5 point of each 

other on all of the items (9-point scale). Instructions, training procedures, and the rubric for 

rating the Inquiry Teaching Assessment constructed-response items are included in Appendix A. 

On average, the two raters scored the follow-up items 0.2 points lower on the holistic rubric at 

the follow-up time point. Thus, either the raters were more stringent in their scoring at the 

follow-up or the teachers did worse. However, this rater variability was accounted for in the 

Rasch model because all time period measures were modeled together through the use of 

anchoring items.  
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Ratings were analyzed using a multi-facet rating-scale model under a Rasch analysis 

framework to estimate the teachers’ scores (Andrich, 1978; Linacre, 2010). In the analysis, the 

two raters were coded as two new raters at the follow-up time point because of the time span 

between the PD evaluation and follow-up scoring (2.5 years) and to account for their slight rater 

drift. Their ratings were linked to the earlier (pre- and post-PD) dataset by anchoring the re-rated 

post-PD test scores, which were fixed to be of the same ability as measured in the post-PD 

assessment. Only six of the seven teachers were used as anchors, because in an earlier analysis of 

the data, one teacher had a very high misfit (a z-score of 2.90), which may otherwise have 

skewed the follow-up time point scores. The new follow-up time point data was estimated based 

on the anchored data. 

Statistical Analyses. I conducted paired-samples t-tests or Wilcoxon signed-rank tests, if 

assumptions for normality were not met, to evaluate the difference between scores at each time 

point. I first compared pre- to post-PD scores from the original evaluation population (N = 28 

teachers) to this study’s sample (n = 23) for each instrument to confirm that the results in the 

smaller sample were reflective of the original evaluation (Duncan Seraphin, 2014). I 

hypothesized that the statistical change in scores from pre- to post-PD for each instrument from 

the initial evaluation of the PD would hold, even with the loss of five teachers from the PD to the 

follow-up. Additional comparisons were then made between the scores at each time point for 

each instrument. I hypothesized that scores would decline, but not return to the baseline, for the 

Inquiry Teaching Assessment, and content knowledge and self-efficacy assessments. For the 

pedagogical content knowledge assessment, I hypothesized that there would be no change in 

scores across any of the time points, as no statistical change pre- to post-PD had been found in 

the PD evaluation. Due to the number of participants in this study, Hedges’ g was used to 
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determine effect sizes. If I used the Wilcoxon signed-rank test the effect size was calculated by 

dividing the absolute standardized test statistic by the square root of the number of pairs (r = z / √ 

N) 

Because I conducted repeated tests on outcomes that were likely to be highly correlated 

(i.e., the pre- to post-PD outcome on the Inquiry Teaching Assessment will likely be highly 

correlated with the pre-PD to follow-up outcome on the same instrument), I followed the 

suggestion of What Works Clearinghouse (2020), which recommended applying the Benjamini-

Hochberg correction to account for multiple comparisons (Benjamini & Hochberg, 1995). The 

Benjamini-Hochberg adjustment corrects the “multiplicity” that can occur when testing more 

than one hypothesis within a domain, potentially leading to a greater likelihood of type 1 

errors—when one mistakenly rejects the null hypothesis and concludes that a difference is 

significant when it is not (What Works Clearinghouse, 2020). For all Benjamini-Hochberg 

adjustments I used the false discovery rate of 0.05.  

Credibility of Results—Comparisons Among Instrument Scores. To examine the 

credibility of the results for the first research question, I standardized all the quantitative 

instrument scores for each time point through the use of z-scores to normalize differences and 

more easily allow for comparisons across instruments’ scores. I then correlated estimates within 

and between instruments’ scores for each time point. None of the quantitative instruments were 

designed to measure the same underlying construct. Generally, if test scores on instruments 

purporting to measure different constructs are dissimilar, this would be evidence of discriminant 

validity. However, because constructs such as self-efficacy and pedagogical content knowledge 

are considered mediating factors with respect to instructional practice, I anticipated that the 

scores on these instruments would be positively correlated. Within instrument score positive 
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correlations are evidence that the instruments were consistently measuring the same construct 

over time.  

Research Question 1A—Examining Patterns in the Quantitative Data 

I examined the extent to which variables that were significant in the original PD 

evaluation including teacher grade level (middle- or high-school), years of teaching experience, 

and participation in subsequent PDs (Duncan Seraphin, 2014; Duncan Seraphin et al., 2017), 

related to scores on the instruments. I first calculated the correlation between score changes and 

experience to see if the number of years of science teaching experience prior to the PD was 

related to their score gains or losses on each instrument. I then conducted independent samples t-

tests to evaluate if there were differences in the magnitude of change scores between time points 

on each instrument and the grade band that teachers taught (i.e., middle- or high-school). I 

hypothesized that scores between the teachers of each grade band would be similar for the 

Inquiry Teaching Assessment, pedagogical content knowledge assessment, and self-efficacy 

assessments. The middle-school teachers’ content knowledge assessment scores had risen more 

over the course of the PD (Duncan Seraphin et al., 2017), which I hypothesized was in part 

because middle-school teachers (licensed K–8) generally have less scientific coursework than 

high-school teachers (licensed 9–12). However, I did not think there would be a difference in the 

magnitude of the decline in content knowledge assessment scores between these groups of 

teachers post-PD. Finally, I conducted independent-samples t-tests to evaluate the differences 

between the groups of teachers who did, and did not, self-describe significant PD experiences 

after the PD under study and their scores on the follow-up instruments. I hypothesized that scores 

would be similar between these groups.  

Research Question 2–Analysis of Interview Qualitative Data 
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I analyzed the interviews after analyzing the quantitative data. After transcribing the 

interviews, I coded them according to the three main factors comprising Bandura’s Theory of 

Reciprocal Determination—environmental, personal, and behavioral contexts of learning. 

Examples of how I categorized these factors follow: 

● Environmental: Resources (e.g., curriculum and/or supplies), school context and peer 

communities, class alignment (in terms of content, standards, and class time), and 

references to student learning and engagement  

● Personal: references to previous knowledge, what the teachers said they learned or 

did not learn, connections with beliefs and preferences, confidence levels, and 

references to years of experience and grade level(s) taught 

● Behavior: incorporation of aspects of the PD into the teachers’ praxis, and transfer 

and sharing of the PD beyond their classroom 

This initial categorical coding allowed me to pay particular attention to identifying 

environmental and personal factors that influenced the implementation of PD practices. 

 Within each of these broad categories, I then coded using a more inductive approach 

rooted in grounded theory and recursive thematic analysis (Corbin & Strauss, 2014). I identified 

themes through open coding in relation to my research questions and the PD pedagogical 

framework. At this stage I also looked for evidence of variables identified in the PD literature 

(e.g., adherence, participant responsiveness, and evidence of transfer) and focused on coding 

interview data that were associated with the constructs addressed in the quantitative instruments 

(e.g., content knowledge and pedagogical knowledge). In subsequent analyses, I focused on 

emergent topics and linking factors (i.e., personal and environmental factors that enhanced or 

hindered behavior). I also identified examples to illustrate the degree and kinds of changes the 
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teachers made in their teaching practice due to the PD. Codes were continually reviewed and 

grouped, and re-grouped, into categories (Merriam & Tisdell, 2015). When appropriate, I 

differentiated results by teacher experience (novice vs. experienced) and teacher grade level 

(middle vs. high school) as these are important personal factors that can influence findings.  

When possible, I quantized qualitative data—a numerical transformation that allows the 

data to be analyzed statistically. While data reduction and the use of percentages to describe 

qualitative data can oversimplify complex results, transforming qualitative data into counts 

allowed me to statistically analyze these variables with the quantitative data and elucidate the 

personal experiences of the teachers in joint display tables.   

I organized the qualitative results according to themes that emerged indicating 

interactions between environmental factors, behavior factors, and personal factors according to 

Bandura’s Theory of Reciprocal Determination.  

Validity Threats When Analyzing Qualitative Data. I followed up on surprises in the 

data and closely examined outliers. Constantly looking for validity threats is one of the key 

components of the modus operandi method, which considers the implications of these threats 

rather than seeking to control them (Onwuegbuzie & Leech, 2007). Threats to theoretical validity 

when analyzing qualitative data “occur when a researcher does not collect or pay attention to 

discrepant data, or does not consider rival explanations or understandings of the underlying 

phenomena” (Onwuegbuzie, 2002, p. 12–13). In addition to utilizing an audit trail, I used 

respondents’ quotes in my interpretations to illustrate themes and findings to address the 

implications of this validity threat. I also considered rival explanations and continually modified 

emerging hypotheses through the use of negative (discrepant) case analysis. 
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 Confirmation bias is only a threat “when there exists at least one plausible rival 

explanation to underlying findings that might be demonstrated to be superior if given the 

opportunity” (Onwuegbuzie, 2002, p. 18). To generate and assess rival explanations, I searched 

for evidence to support competing conclusions and critically considered divergent patterns, 

paying particular attention to negative or disconfirming cases. Outlier cases were examined 

closely to determine if they broadened understandings about a pattern, were exceptions to the 

pattern, or provided evidence for rival explanations that could lead to revisions or rejections of 

emerging hypotheses.   

Research Question 3–Mixed Methods  

Although the qualitative and quantitative results were analyzed separately, I also 

considered them together using a convergent mixed methods design. The integration involved 

the merging of the results from each of the datasets so that comparisons could be made and a 

more complete understanding could emerge than could have been provided by either the 

quantitative or qualitative results alone. The theoretical framework of Bandura’s Theory of 

Reciprocal Determination was used to guide the merging of the data.  

I first examined relationships in the change scores on each instrument using scatterplots. I 

examined these plots for evidence of patterns, for example if the teachers clumped together in 

meaningful ways (e.g., by teaching level, experience, or discipline). I also estimated the 

correlation between the pre-to-post PD change scores and the post-to-follow-up change scores to 

determine if gains in scores over the course of the PD were related to losses occurring after the 

PD.  

The interviews included two forced-choice items that asked the teachers to report on their 

current levels of PD-related behavior. Item-level responses were analyzed and examined using 
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quantitative methods, including the use of descriptive statistics and histograms. I estimated the 

correlation between the self-reported behavior measures to test my hypothesis that they were 

related. I also estimated the correlation between the teachers’ scores on the instruments at the 

follow-up time point with self-reported behavior changes. I hypothesized that, with the exception 

of the content knowledge assessment, the scores on the Inquiry Teaching Assessment, 

pedagogical content knowledge assessment, and self-efficacy assessments would be positively 

correlated with behavioral changes. Independent-samples t-tests were conducted to explore the 

difference between grade-level groups and self-reported behaviors.  

I assumed that the intervals between the single-item Likert-scale responses and ordered 

categorical data were equivalent for statistical purposes when interpreting the results of these 

self-reported behavior questions. However, the magnitude of differences between categories was 

most likely interpreted differently by each teacher respondent (Harrison, 2020). For the purposes 

of this study, these scores are only one measure of the teachers’ behavior; they serve as a starting 

point for the more detailed information provided in the interviews.  

I compared the teachers’ descriptions of the extent of their teaching changes with their 

scores on the quantitative instruments and their self-reported behaviors using independent-

samples t-tests. Finally, to further examine the relationships between the quantitative and 

qualitative data I constructed two joint display tables anchored with two measures of the 

teachers’ behavior change to show how the results from the two datasets were congruent or 

contradictory. One measure of behavior change was culled from the teacher responses to a 

forced-response question and one measure was culled from the teachers’ descriptions of the 

extent to which their teaching had changed in the interviews. Behaviors were corroborated with 
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emergent environmental factors from the interviews. I synthesized these results in a graphical 

joint display of mixed methods inferences.  

Positionality 

Onwuegbuzie defined confirmation bias as “the tendency for interpretations and 

conclusions based on new data to be overly congruent with a priori hypotheses” (2002, p. 18). A 

researcher’s first line of defense in avoiding this threat is to approach data analysis with 

neutrality. This involves being aware of, and transparent about, your own perspective as a 

researcher and your theoretical predispositions. Bias cannot be fully eliminated, but it is 

important to be aware of your own preferences so you can control or counter them by being 

conscientiously open-minded and disinterested.  

I was the project manager and one of the facilitators of the original PD. In addition to 

being mindful of my own prejudices throughout this study, I took precautions to establish 

impartiality in this follow-up study. Some of these steps were detailed in the previous sections, 

including the use of an evaluator to conduct the interviews and the use of external raters to code 

the responses to the Inquiry Teaching Assessment instrument. I also consulted extensively with 

colleagues and gave myself time to immerse myself in the data in order to be receptive to 

multiple and unanticipated perspectives, and to allow myself to be creative with the inductive 

process of discovery. In addition, the collection of rich, thick data in the form of verbatim 

interview transcripts “minimizes confirmation bias by facilitating the testing of emerging 

theories” (Onwuegbuzie & Leech 2007, p. 244).  

While my close connection to the design and implementation of this PD could be seen as 

a limitation, in that I might be too invested in the results to examine the data dispassionately, my 

intimate knowledge of the program can also be viewed as an asset. As an “embedded researcher” 
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I was able to apply my in-depth understanding of the program and its context when interpreting 

the data (e.g., Sprague, 2005). The process of considering both quantitative and qualitative 

evidence to synthesize findings highlights the role of the researcher in using their professional 

judgment to attend to and consider multiple types of practical and theoretical evidence, for both 

proposed and rival hypotheses, and to make an overall evaluative judgment. I am uniquely 

qualified to do this synthesis. 

Perhaps most importantly, I think the time that has passed between the PD intervention 

and this study has made me more critical of the PD and has heightened my curiosity about the 

PD’s effectiveness. Similarly, although respondents were not anonymous, the level of social 

desirability should have receded as the participants had not been involved in the project for some 

time. Spending time away from the project, maintaining a conceptual framework, and 

continually keeping research questions in mind enhances objectivity and reduces bias 

(Onwuegbuzie & Leech, 2007). Overall, I feel that the benefits of my participation as the lead 

researcher on this study outweighed the risks. 
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CHAPTER 4 

RESULTS 

In this chapter I present the results of the quantitative instruments and the qualitative 

interviews. I then consider these results together in a convergent mixed-methods analysis. At the 

end of each substantive section I present a graphic synthesis of the results in that section.  

I first present the quantitative data. The quantitative results are presented by assessment 

(i.e., all the results associated with the Inquiry Teaching Assessment are presented together). 

These results include the descriptive statistics for each assessment at each of the three time 

points (pre-PD, post-PD, and follow-up) and illustrations of how the scores shifted over time 

with histograms and boxplots. I also share the reliability of the scales and the results of the 

paired-samples t-tests or Wilcoxon signed-rank tests between time points. These analyses 

address the first research question (statistical differences in scores by time point). I also share the 

results of independent-samples t-tests between grade bands on each instruments’ scores and 

correlations between scores and teacher experience for each assessment. These analyses address 

the first research question sub-question (relationship of variables to scores on instruments). 

Lastly, for each assessment, I present my examination of the patterns of gains or losses between 

time points using scatterplots. This is one of the analyses that address the third research question 

(patterns in implementation). Thus, research question 1, as well as aspects research questions 1A 

and 3, are addressed by quantitative instrument. 

I then present the results from the forced-choice interview question about participation in 

significant PD after the PD under study. I share the results of the independent-samples t-tests 

between the scores on each of the assessments at the follow-up time point of the teachers who 

attended significant additional PD and those who did not. This concludes the presentation of the 
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results for research question 1A. I end this section by presenting the correlations between each of 

the instruments’ scores and between time points for the same variable. Thus, the correlations 

exploring the credibility of the quantitative constructs are addressed after the findings of the 

quantitative assessments are presented.  

I then present the results of the qualitative interview data to address the second research 

question (factors that enhance or hindered implementation). Themes that emerged from the 

qualitative interview are structured and presented according to Bandura’s Theory of Reciprocal 

Determination. I begin this section by presenting results that correspond with the quantitative 

instruments and the emergent theme of the importance of high-quality PD. I then focus on the 

interactions among environmental, behavioral, and personal factors. I end this section by 

describing the teachers’ self-perceived changes in their teaching practice (behavioral changes) as 

a result of the PD and the frequency of their implementation of PD activities.  

At the end of this chapter I address the bulk of the third research question (patterns in 

implementation). I first present the remainder of the quantitative data, two forced-choice 

interview questions, including the descriptive statistics for each question. For the two self-

reported implementation questions I illustrate the score distributions with histograms. I also 

present correlations between the implementation questions and the scores on the quantitative 

instruments. Finally, I merge the quantitative and qualitative data by comparing the teachers’ 

descriptions of the extent of their teaching changes with scores from the quantitative instruments 

and self-reported behaviors using independent-samples t-tests. To further examine the 

relationships between the quantitative and qualitative data I share two joint display tables that 

show how the results from the two datasets were congruent or contradictory. The tables were 

structured based on two measures of behavior change—one self-reported and one based on the 
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teachers’ descriptions of the extent of their behavior change due to the PD. Behaviors were 

aligned with quantitated qualitative data concerning emergent environmental factors extracted 

from the interviews. This chapter ends with a synthesis of the mixed methods results in a 

graphical joint display.  

Quantitative Assessment Results—Research Questions 1 and 1A 

Four instruments were administered to the participants at three time points, (a) at the 

beginning of the PD (pre-PD), (b) after completion of the PD (post-PD), and (c) at least 2.5 years 

after the completion of the PD (follow-up). This section describes the findings of the quantitative 

assessments. As described above, for each instrument results will be presented that address 

research question 1, as well as aspects research questions 1A and 3. A summary of the results 

associated with research questions 1 and 1A ends this section.  

Inquiry Teaching Assessment  

Table 4.1 presents the descriptive statistics for the Inquiry Teaching Assessment at 

different time points. Results are in logits based on scores from a multi-facet rating-scale model 

under a Rasch analysis framework (Andrich, 1978; Linacre, 2010). All measures from each of 

the time points were combined into one set and modeled together to ensure they were on the 

same scale. The Rasch reliability index was .94; this reliability index is higher than it would be 

for any single time point. The person-separation index, or how well a set of items is able to 

separate persons measured, was 4.10. This implies that respondents were able to be reliably 

separated into four different levels. A person-separation index of 1.50 is considered acceptable, 

2.00 is good, and 3.00 is excellent (Duncan et al., 2003). A chi-square test of independence, 

using a fixed estimate as the two raters utilized in this study were experts in scoring this 

construct, showed there was some rater variation, χ2 (2, N = 819) = 52.5, p < .01.  
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Table 4.1 

Descriptive Statistics of the Inquiry Teaching Assessment 

Time M a SD seM Min Max 

Pre-PD -0.83 1.29 .27 -2.85 2.50 

Post-PD 0.48 1.31 .27 -1.82 2.65 

Follow-up -0.08 1.27 .26 -2.05 3.17 
 

Note. N = 23. Results in logits based on scores from a multi-facet rating-scale model under a Rasch analysis 

framework. All time period measures were modeled together to ensure they were on the same scale. The Rasch 

reliability index was .94.  

 

The average at the pre-PD time point was -0.83 logits; this equates to approximately a 

score of 0.5 on the Inquiry Teaching Assessment rubric (a 9-point scale that ranged from -1 to 

+3, see Appendix D) which reads: “There is some evidence that the teacher understands what 

teaching science as inquiry looks like in the classroom, or there is evidence that the teachers’ 

knowledge appears to be developing.” The average at the post-PD time point was .48 logits; this 

equates to approximately an average score of 1.1 on the Inquiry Teaching Assessment rubric. 

The scale for 1.0 reads:  

There is good evidence that the teacher has a fairly good breadth or depth of 

understanding of what teaching science as inquiry looks like in the classroom. The 

response may include mostly accurate and somewhat precise descriptions of what 

inquiry-based instruction would look like. There is no evidence of misconceptions. 

The average at the follow-up time point was -0.08 logits; this equates to approximately an 

average score of 0.9 on the Inquiry Teaching Assessment rubric. Thus, the description of the 

teachers’ scores, 1.0 on the Inquiry Teaching Assessment rubric, did not change from the post-

PD time point.  
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Inquiry Teaching Assessment scores at each time point are illustrated in a histogram 

(Figure 4.1) and boxplot (Figure 4.2). From these depictions, you can see that the scores on this 

instrument skew toward the higher end of the scale before the PD, indicating a large proportion 

of the teachers had little understanding of what inquiry-based teaching looked like in a classroom 

prior to the PD. Scores became more evenly distributed after the PD and at the follow-up time 

point. Both the histogram and boxplot illustrate there is a clear outlier at the follow-up time 

point.   

Figure 4.1 

Histogram of the Inquiry Teaching Assessment Scores at Different Time Points 

 
Note. N = 23. Results in logits based on scores from a multi-facet rating-scale model under a Rasch analysis 

framework. All time period measures were modeled together to ensure they were on the same scale. 
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Figure 4.2 

Boxplot of the Inquiry Teaching Assessment Scores at Different Time Points 

 
Note. N = 23. Results are in logits based on scores from a multi-facet rating-scale model under a Rasch analysis 

framework. All time period measures were modeled together to ensure they were on the same scale. 

 

As a preparatory step for evaluating the difference between scores at each time point, the 

Shapiro-Wilks test of normality was used to examine the statistical assumption of normality on 

each of the respondents’ difference scores between each time point (e.g., the difference between 

the pre-PD and post-PD time points). None of the three sets of difference scores (pre-PD to post-

PD, post-PD to follow-up, and pre-PD to follow-up) violated the assumption of normality 

(Appendix G). Therefore, I conducted paired-samples t-tests. 

First, I explored the change in Inquiry Teaching Assessment scores pre- to post-PD for 

the sample of 23 teachers in order to understand if the results from this subsample aligned with 

what was found with 28 teachers in the prior PD evaluation (Duncan Seraphin, 2014). Row 1 of 

Table 4.2 indicates that there was an increase in scores by 1.31 logits from pre- to post-PD that 

was statistically significant (p < 0.01). This result demonstrates that the change in Inquiry 
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Teaching Assessment scores between these periods in this sample is similar to what was 

observed in the initial evaluation (Duncan Seraphin, 2014); confirming that this subsample is 

reflective of the original results. I then compared post-PD to follow-up scores to determine if 

there was a decrease in scores on the Inquiry Teaching Assessment after the conclusion of the 

PD. Row 2 of Table 4.2 indicates that the scores decreased by 0.55 logits from the post-PD to the 

follow-up time point, a statistically significant decline (p < 0.05). Finally, I compared the pre-PD 

and follow-up scores to determine if the follow-up scores remained higher than the pre-PD 

baseline scores. Row 3 of Table 4.2 indicates that there was a statistically significant increase in 

scores by 0.76 logits from the pre-PD to the follow-up time point (p < .05). Applying the 

Benjamini-Hochberg adjustment to the paired-samples t-tests did not alter the statistical 

significance of the results. Thus, although approximately half of the gains in scores on the 

Inquiry Teaching Assessment from pre- to post-PD were lost by the follow-up, they were still 

significantly higher than the pre-PD scores.  

Table 4.2 

Paired-samples t-Test Results Between Different Time Points of the Inquiry Teaching Assessment 

Time 1 Time 2 Estimate SE t(22) p Statistical 

conclusion a 

95% CI Hedges’ g 

Pre-PD Post-PD 1.31 0.31 4.16 < .001 Sig** [0.66, 1.97] 0.99 

Post-PD Follow-up 0.55 0.28 2.01 .028 Sig* [-1.12, 0.02] 0.43 

Pre-PD Follow-up 0.76 0.34 2.22 .018 Sig* [0.05, 1.47] 0.59 

 

Note. N = 23.  

*p < .05. (one-tailed) **p < .01. (one-tailed) 

a Statistical conclusion after applying Benjamini-Hochberg adjustment  

 

Figure 4.3 shows a scatterplot of the relationship between the change in scores on the 

Inquiry Teaching Assessment from pre- to post-PD along the x-axis, and the change in scores 
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from the post-PD to the follow-up along the y-axis. Thus, a positive x-coordinate indicates that 

an individual had a positive gain in score from pre- to post-PD, while a negative x-coordinate 

indicates a decrease in score from pre- to post-PD. Similarly, a positive y-coordinate indicates an 

individual had a positive gain in score from post-PD to the follow-up, while a negative y-

coordinate indicates a decrease in score from post-PD to follow-up. Most of the participants (n = 

14, 60.8%) are in the lower right quadrant, indicating their scores increased from pre- to post-PD 

but then decreased from post-PD to the follow-up. There was a negative correlation between the 

pre- to post-PD gains and the post-PD to follow-up losses, r(22) = -.34, p = .115 (two-tailed). 

This correlation became significant when the outlier in the upper right corner of Figure 4.3 was 

removed from the analysis, r(21) = -.52, p = .013 (two-tailed). The bold line in Figure 4.3 has a 

slope of negative one and passes through the origin (y = -x). The individuals falling close to this 

line had pre- to post-PD gains approximately equivalent to their follow-up losses. Compared to 

their score pre-PD, these individuals’ scores showed no or very little change on this instrument at 

the follow-up.  

 There was no significant correlation between experience (number of years teaching prior 

to the PD) and scores on the Inquiry Teaching Assessment at the pre-PD, r(22) = .42, p = -.179 

(two-tailed), and follow-up time points, r(22) = .23, p = .282 (two-tailed). There was also no 

significant correlation between experience and score changes from pre- to post-PD, r(22) = .31, p 

= .145 (two-tailed), or post-PD to follow-up, r(22) = .04, p = .85 (two-tailed). Removing an 

outlier teacher with 30 years of teaching experience did not change the significance of these 

results.  
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Figure 4.3 

Scatterplot Relationship Between the Change in Pre- to Post-PD Scores and Post-PD to Follow-

up Scores on the Inquiry Teaching Assessment 

 
Note. N = 23. Results in logits based on scores from a multi-facet rating-scale model under a Rasch analysis 

framework. All time period measures were modeled together to ensure they were on the same scale. The line has a 

slope of negative one. The individuals falling near this line had pre- to post-PD gains approximately equivalent to 

their follow-up losses. 

 

I conducted independent-samples t-tests to evaluate the difference in magnitude between 

the middle- and high-school teachers’ change scores pre- to post-PD and post-PD to follow-up to 

see if the PD intervention had a differential effect on inquiry-based teaching knowledge based on 

participants’ grade bands (Table 4.3). For this comparison, the one elementary school teacher 

(5th grade) was excluded. Row 1 of Table 4.3 indicates that there was a difference in change 

scores between the two groups of 0.56 logits pre-PD, which was not statistically significant. 

Rows 2 and 3 of Table 4.3 show that the difference in change scores pre- to post-PD (1.22 

logits), and post-PD to follow-up (0.04 logits) was similarly not significant. Thus, it is 
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unsurprising that at the follow-up time point (Row 4) the 0.09 logit difference in scores between 

the high-school and middle-school teachers’ scores was not significant.  

Table 4.3 

Independent-samples t-Test Results of the Score Changes between Grade Bands on the Inquiry 

Teaching Assessment 

Scores Middle-school 

teachers (n = 15) 

High-school 

teachers (n = 7) 

Est. SE t(20) p 95% CI Hedges’ g 

M SD M SD       

Pre-PD -0.98 1.17 -0.42 1.61 0.56 0.60 0.94 .360 [-1.82, -

2.10] 

0.41 

Change scores: 

Pre- to post-PD 

1.62 1.44 0.40 1.34  1.22 0.65 1.89 .073 [-0.13, 

2.57] 

1.35 

Change scores: 

Post-PD to 

follow-up 

-0.55 1.08 -0.51 1.90  0.04 0.63 0.06 .950 [-1.36, 

1.28] 

0.03 

Follow-up 0.09 1.17 -0.53 1.53 0.62 0.59 1.04 .309 [-0.62, 

1.85] 

0.46 

 

Content Knowledge Assessment 

Table 4.4 presents the descriptive statistics for the content knowledge assessment at 

different time points. On the pre-PD assessment, the mean score was 21.4 out of 41 (52%). This 

low baseline percent-correct score was by design, as the instrument was modified (as described 

in Chapter 3) to more clearly detect changes over time. As expected, scores rose at the post-PD 

time point, and then fell at the follow-up. Content knowledge assessment scores at each time 

point are illustrated in a histogram (Figure 4.4) and boxplot (Figure 4.5). From these depictions, 

you can see that the scores on this instrument are fairly evenly distributed at the pre-PD and 

follow-up time points, but skew to the higher end of the score range at the post-PD time point. 

There is a low outlier at the post-PD time point.  
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Table 4.4 

Descriptive Statistics of the Content Knowledge Assessment 

Time M a SD sem Min a Max a KR-20 

Pre-PD 21.39 

(52.2%) 

7.49 1.56 9 

(22.0%) 

33 

(80.5%) 

.86 

Post-PD 31.22 

(76.1%) 

6.90 1.43 16 

(39.0%) 

40 

(97.6%) 

.89 

Follow-up 26.87 

(65.6%) 

6.95 1.45 12 

(29.3%) 

36 

(87.8%) 

.86 

 

Note. 41 item test with 23 teachers, KR-20 = reliability estimate 

a Percentages are percent-correct scores.  

 

Figure 4.4 

Histogram of the Content Knowledge Assessment Scores at Different Time Points 

       
Note. N = 23.  
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Figure 4.5 

Boxplot of the Content Knowledge Assessment Scores at Different Time Points 

 
Note. N = 23. 

 

The three sets of difference scores on the content knowledge assessment (pre-PD to post-

PD, post-PD to follow-up, and pre-PD to follow-up) were normally distributed, as accessed by 

the Shapiro-Wilks test (Appendix G). Therefore, I conducted paired-samples t-tests to evaluate 

the difference between scores at each time point (Table 4.5). First, I explored the change in 

content knowledge assessment scores pre- to post-PD for the sample of 23 teachers in order to 

determine if the results from this subsample aligned with what was found with the teachers in the 

PD evaluation (Duncan Seraphin, 2014). Row 1 of Table 4.5 indicates that there was an increase 

in scores by 9.83 from pre- to post-PD, a statistically significant gain (p < 0.01). This result 

demonstrates that the change in content knowledge assessment scores between these periods in 

this subsample along, with a smaller set of items, is similar to what was observed previously 

(Duncan Seraphin, 2014). I then compared post-PD scores to follow-up scores to examine if 

there was a decrease in scores on the content knowledge assessment since the end of the PD. 
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Row 2 of Table 4.5 indicates that there was a statistically significant decrease in scores (-4.35, p 

< 0.01) from the post-PD to the follow-up time point. Finally, I compared the pre-PD and follow-

up scores to determine if the follow-up scores were higher than the pre-PD baseline scores. Row 

3 of Table 4.5 indicates that there was a statistically significant increase in scores by 5.48 from 

the pre-PD to the follow-up time point (p < .01). Statistical conclusions at these levels remained 

after applying the Benjamini-Hochberg adjustment. Overall, the teachers retained about 44% of 

pre- to post-PD content knowledge gains. Although about half of the gains in scores from pre- to 

post PD were lost by the follow-up, they were still significantly higher than the pre-PD scores.  

Table 4.5 

Paired-samples t-test Results Between Different Time Points of the Content Knowledge 

Assessment 

Time 1 Time 2 Estimate SE t(22) p Statistical 

conclusion a 

95% CI Hedge’s g 

Pre-PD Post-PD 9.83 0.91  10.80 < .001 Sig** [7.94, 11.71] 1.34 

Post-PD Follow-up 4.35 0.71  6.10 < .001 Sig** [-5.82, -2.87] 0.70 

Pre-PD Follow-up 5.48 0.74   7.39 < .001 Sig** [3.94, 7.01] 0.75 

 

Note. N = 23.  

**p < .01. (one-tailed) 

a Statistical conclusion after applying Benjamini-Hochberg adjustment   

 

There was a significant negative correlation between pre-PD scores and pre- to post-PD 

scores on the content knowledge assessment, r(23) = -.42, p = .045 (two-tailed). Thus, the higher 

the teachers’ pre-PD content knowledge score, the smaller their score increase was likely to be 

between the pre-PD and post-PD time points. Or, stated more simply, the more content 

knowledge the teachers had prior to the PD the less knowledge they gained over the course of the 

PD.  
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I conducted independent-samples t-tests to determine if differences in content knowledge 

change scores were in part driven by content knowledge differences between the middle- and 

high-school teachers. Row 1 of Table 4.6 indicates that the middle-school teachers had 

significantly less content knowledge than their high-school counterparts on the pre-PD content 

knowledge assessment (-9.3, p < .01). Row 2 of Table 4.6 shows that the middle-school teachers 

gained significantly more on the content knowledge assessment pre- to post-PD than the high-

school teachers (5.47, p < .01). Similarly, row 3 of Table 4.6 shows that the middle-school 

teachers lost significantly more in the post-PD to follow-up period (-3.9, p < .05). Thus, the 

middle-school teachers came into the PD with less aquatic science content knowledge than the 

high-school teachers; over the course of the PD their scores increased more than the high-school 

teachers’ scores and after the PD their scores decreased more than the high-school teachers’ 

scores. However, at the follow-up time point the difference between the middle-school and high-

school teachers’ content knowledge assessment scores (-7.75) was not statistically different. 

Applying the Benjamini-Hochberg adjustment did not change these levels of significance. There 

was no correlation between the teachers’ level of experience and scores on the pre-PD content 

knowledge assessment, r(23) = -.28, p = .19 (two-tailed), or score changes on the assessment 

from pre- to post-PD or post-PD to follow-up, both r(23) = .24, p = .28 (two-tailed). Removing 

the outlier teachers with 30 years of experience did not change the significance of these 

correlations.  

The teachers that started with high pre-PD content knowledge assessment scores (> 66%, 

n = 6) only lost, on average, 1.5 points between the post-PD and the follow-up time points. The 

teachers that started with low pre-PD content knowledge assessment scores (< 37%, n = 7) lost, 
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on average, 3.9 points. The teachers who got between 37% and 66% correct (n = 11) on the pre- 

PD content knowledge assessment lost, on average, 6.4 points. Thus, the teachers who had low  

content knowledge scores pre-PD lost less content knowledge than those who had average pre-

PD content knowledge scores. In other words, the teachers with low content knowledge scores 

retained more of their gains post-PD to follow-up than the teachers with average content 

knowledge scores.   

Table 4.6 

Independent-samples t-Test Results by Grade Bands on the Content Knowledge Assessment 

Scores Middle-school 

teachers (n = 15) 

High-school 

teachers (n = 7) 

Est. SE t(18) p Stat. 

con.a 

95% CI Hedges’ 

g 

M SD M SD        

Pre-PD 18.53 7.12 27.85 4.14 9.32 2.41 3.86 .001 Sig** [4.27, 

14.38] 

1.42 

Change scores: 

Pre- to post-

PD  

11.47 3.98 6.00 2.89 5.47 1.69 3.24 .002 Sig** [1.95, 

8.97] 

1.42 

Change scores: 

Post-PD to 

follow-up 

-5.47 3.29 -1.57 2.07 3.90 1.36 2.86 .010  Sig* [-6.74,  

-1.05] 

1.25 

Follow-up 24.53 6.44 32.29 5.59 7.75 2.83 2.73 .188 Not 

Sig 

[-13.65, 

-1.83] 

1.22 

 
*p < .05. (one-tailed) **p < .01. (one-tailed)  

a Statistical conclusion after applying Benjamini-Hochberg adjustment  

 

 Figure 4.6 shows a scatterplot of the relationship between the change in scores on the 

content knowledge assessment from pre- to post-PD and the change in scores from the post-PD 

to the follow-up time point. Everyone in the study gained from pre- to post-PD; there are no 

negative x-coordinates. There was a significant negative correlation between the pre- to post-PD 

gains and the post-PD to follow-up losses, r(22) = -.61, p = .002 (two-tailed). This means that the 

more the teachers gained pre- to post-PD, the more they lost by the follow-up. The line in Figure 
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4.6 has a slope of negative one and goes through the origin (y = -x). The individuals falling close 

to this line had pre- to post-PD gains approximately equivalent to their follow-up losses. 

Although three of the teachers received the same score at the pre-PD and follow-up time points, 

none of the teachers scored less on the follow-up than the pre-assessment.  

Figure 4.6 

Scatterplot Relationship Between the Change in Pre- to Post-PD Scores and Post-PD to Follow-

up Scores on the Content Knowledge Assessment 

 
 

Note. N = 23. The line has a slope of negative one. The individuals falling near this line had pre- to post-PD gains 

approximately equivalent to their follow-up losses. The individuals in the solid circle had moderate pre- to post-PD 

gains that were maintained over time. The individuals in the dotted circle had substantial pre- to post-PD gains and 

moderate losses over time.  

 

 The individuals in the solid circle in Figure 4.6 had moderate pre- to post-PD gains that 

were maintained over time. The individuals in the dotted circle had substantial pre- to post-PD 
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gains and moderate losses over time. The teachers in the solid circle (n = 7, M = 10.9 years, SD = 

5.05), were slightly more experienced than those in the dotted circle (n = 9, M = 8.7 years, SD = 

6.74)—but only by about two years. The teachers within the solid circle had marginally higher 

pre-PD content knowledge assessment scores (n = 7, M = 23.6, SD = 9.50) than those in the 

dotted circle (n = 9, M = 19.1, SD = 4.94). The four-point difference in scores between the two 

groups is due in part to the solid circle containing four out of the seven high-school teacher 

participants, whereas the dotted circle does not include any of the high-school teachers and 

contains the only elementary teacher. High-school teachers generally have more training in 

content, and thus would be expected to have higher pre-PD content knowledge scores, especially 

in the disciplines they teach. No associations were discernible between content knowledge scores 

and teacher discipline (e.g., physical science, biological science, or earth science).  

Pedagogical Content Knowledge Assessment 

Table 4.7 presents the descriptive statistics for the pedagogical content knowledge 

assessment at different time points. The range of scores can be understood to roughly correspond 

to the interval values on the 5-point Likert-type scale of this instrument. For example, the mean 

pedagogical content knowledge score at the post-PD time point was 3.9, which is close to the 

response category “often” (4 on the interval scale), indicating the teachers thought they “often” 

implemented the inquiry activities in the item prompts. The range in scores is, at most, 1.4 points 

on the scale. At no time point did scores drop below 3.3 points. Pedagogical content knowledge 

scores at each time point are also illustrated in a histogram (Figure 4.7) and boxplot (Figure 4.8). 

At the pre-PD time point, scores were bimodal with the two modes towards the higher and lower 

end of the distribution. The post-PD time point scores were more normally distributed. At the 

follow-up time point, scores were evenly distributed with a clear mode at ~3.8 points.  
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Table 4.7 

Descriptive Statistics of the Pedagogical Content Knowledge Assessment 

Time M  SD sem Min  Max  Cronbach’s α 

Pre-PD 3.84 0.39 .08  3.3 4.6 .92 

Post-PD 3.94 0.39 .08  3.3 4.6 .94 

Follow-up 4.06  0.41 .09  3.4 4.8 .94 

 

Note. N = 23.  

 

Figure 4.7 

Histogram of the Pedagogical Content Knowledge Assessment Scores at Different Time Points 

       
Note. N = 23.  

 

 

 The Shapiro-Wilks test of normality indicated one of the three difference scores 

examined for the pedagogical content knowledge assessment (post-PD to follow-up) deviated 

from normality (W = .794, p < .001; Appendix G). This set of difference scores was examined 

with a histogram (Appendix G). Non-normality was strong; two outliers affected the mean and 
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caused the variance to expand. As the hypothesis of normality was rejected, Wilcoxon signed-

rank tests, rather than paired-samples t-tests, were used to evaluate the difference between scores 

at each time point.  

Figure 4.8 

Boxplot of the Pedagogical Content Knowledge Assessment Scores at Different Time Points 

 
Note. N = 23. 

 

First, I examined the change in pedagogical content knowledge assessment scores pre- to 

post-PD for the sample of 23 teachers in order to understand if the results aligned with what was 

found in prior work (Duncan Seraphin, 2014). Row 1 of Table 4.8 indicates that the increase in 

scores from pre- to post-PD was not statistically significant. In the original PD evaluation, there 

was also no statistically significant difference in scores between these time points (Duncan 

Seraphin, 2014). This result demonstrates that the pedagogical content knowledge assessment 

scores between these periods in the subsample is similar to what was observed with all the 28 

teachers in the PD. I then compared post-PD to follow-up scores to determine if there was a 

change in scores since the conclusion of the PD. Row 2 of Table 4.8 indicates that the increase in 
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scores from the post-PD to the follow-up time point was statistically significant (p < .05). 

Finally, I compared the pre-PD and follow-up scores to determine if the follow-up scores were 

higher than the pre-PD baseline scores. Row 3 of Table 4.8 indicates that there was a statistically 

significant increase in scores from the pre-PD to the follow-up time point (p < .01). Statistical 

conclusions at these levels remained after applying the Benjamini-Hochberg adjustment. In 

summary, although there was no statistically significant change in pedagogical content 

knowledge assessment scores from pre- to post-PD, the teachers’ scores were statistically higher 

at the follow-up time point than both the pre-PD and post-PD time points, although the measured 

scores differences were small. 

Table 4.8 

Wilcoxon Signed-Rank Test Results Between Different Time Points of the Pedagogical Content 

Knowledge Assessment 

Time 1 Time 2 z p Statistical 

conclusion a 

r 

Pre-PD Post-PD  0.86 .389 Not sig 0.13 

Post-PD Follow-up  2.52 .012 Sig* 0.37 

Pre-PD Follow-up  2.66 .008 Sig** 0.39 
 

Note. N = 23.  

*p < .05. (two-tailed) **p < .01. (two-tailed) 

a Statistical conclusion after applying Benjamini-Hochberg adjustment   

 

 Figure 4.9 shows a scatterplot of the relationship between the change in scores on the 

pedagogical content knowledge assessment from pre- to post-PD and the change in scores from 

the post-PD to the follow-up time point. About half of the teachers’ scores increased from pre- to 

post-PD (12 of 23 teachers). All but one of the remaining teachers, who showed either no change 

or a decrease in scores from pre- to post-PD, showed a gain in pedagogical content knowledge 
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from the post-PD to follow-up time point. Only six teachers’ scores declined post-PD to follow-

up, and only three of these lost more than about 0.05 points.   

Figure 4.9  

Scatterplot Relationship Between the Change in Pre- to Post-PD Scores and Post-PD to Follow-

up Scores on the Pedagogical Content Knowledge Assessment 

 
 

Note. N = 23. The line has a slope of negative one. The individuals falling near this line had pre- to post-PD gains 

approximately equivalent to their follow-up losses. 

 

 There was a significant negative correlation between the pre- to post-PD gains and the 

post-PD to follow-up losses, r(22) = -.48, p = .022 (two-tailed). This means that the more 

teachers gained pre- to post-PD, the more they lost at the follow-up. The line in Figure 4.9 has a 

slope of negative one and passes through the origin (y = -x). The individuals falling close to this 

line had pre- to post-PD gains approximately equivalent to their follow-up losses.  
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There was no significant correlation between experience and score changes on the pedagogical 

content knowledge assessment from pre- to post-PD, r(22) = .07, p = .759 (two-tailed); or post-

PD to follow-up, r(22) = -.11, p = .628 (two-tailed). 

I conducted independent-samples t-tests to evaluate the difference between the middle- 

and high-school teachers’ pedagogical content knowledge scores (Table 4.9). The difference of 

0.20 in pre-PD scores between these grade bands was not statistically significant. Similarly, the 

difference in magnitude between the middle- and high-school teachers’ change scores pre- to 

post-PD (0.16), and change scores post-PD to follow-up (0.12) was not statistically significant. 

The was also no statistical significance between the scores of the middle-school teachers and the 

high-school teachers at the follow-up time point (difference of 0.08). 

Table 4.9 

Independent-samples t-Test Results by Grade Bands on the Pedagogical Content Knowledge 

Assessment 

Scores Middle-school 

teachers (n = 15) 

High-school 

teachers (n = 7) 

Est. SE t(22) p 95% CI Hedges’ g 

M SD M SD       

Pre-PD 

 

3.75 0.36 3.95 0.44  0.20 0.17 1.13 .271 [-0.56, 

0.17] 

0.66 

Change scores: 

Pre- to post-

PD  

0.16 0.45 0.00 0.31  0.16 0.19 0.84 .411 [-0.24, 

0.56] 

0.43 

Change scores: 

Post-PD to 

follow-up 

0.17 0.30 0.05 0.08 0.12 0.12 1.00 .328 [-0.13, 

0.36] 

0.37 

 

Follow-up 4.01 0.43 4.01 0.41 0.08 0.19 0.39 .698 [-0.33, 

0.48] 

0.00 

 
*p < .05. (two-tailed)  
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Self-efficacy Assessment 

Table 4.10 presents the descriptive statistics for the self-efficacy in science teaching 

assessment at different time points. The range of scores can be roughly interpreted as interval 

scale values corresponding to the 6-point Likert-type scale of this instrument. For example, the 

mean self-efficacy score at the pre-PD time point was 3.45, which is about half-way between the 

response category end points of the scale (1 = low ability, 6 = high ability), indicating that the 

teachers thought they had an “average” ability to implement the inquiry activities in the item 

prompts. Self-efficacy assessment scores at each time point are also illustrated in a histogram 

(Figure 4.10) and boxplot (Figure 4.11). From these depictions you can see there was a ceiling 

effect with this instrument. At the pre-PD time point, scores were fairly evenly distributed. The 

post-PD time point scores have a more normal distribution, with a slight skew towards the higher 

scores. At the follow-up time point scores were again more evenly distributed.  

Table 4.10 

Descriptive Statistics of the Self-efficacy Assessment 

Time M  SD seM Min  Max  Cronbach’s α 

Pre-PD a 3.45 1.04 .22  1.9 5.8 .97 

Post-PD 4.79 0.70 .15  3.3 5.9 .98 

Follow-up 4.58 0.66 .14  3.5 6.0 .94 
 

Note. N = 23.  

a The pre-PD instrument was administered retrospectively, at the same time as the post-PD instrument.  
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Figure 4.10 

Histogram of the Self-efficacy Assessment Scores at Different Time Points 

 
Note. N = 23.  

 

Figure 4.11 

Boxplot of the Self-efficacy Scores at Different Time Points 
 

 Note. N = 23.  
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 The Shapiro-Wilks test of normality indicated two of the three difference scores 

examined for the self-efficacy assessment (pre-PD to post-PD and post-PD to follow-up) 

deviated from normality (Appendix G). This set of difference scores was examined with 

histograms (Appendix G). Non-normality was not severe for either of these differences. For the 

pre- to post-PD time point difference, the histogram showed that the distribution was bimodal, 

not due to outliers. The post-PD to follow-up time point difference histogram skewed to the 

right; it was non-normal, but also not due to outliers. For this second set of difference scores the 

Shapiro-Wilks test was barely significant (W = .913, p = .048). As violations of non-normality 

were not severe, I conducted paired-samples t-tests to evaluate the differences between scores at 

each time point (Table 4.11). However, these slight deviations from normality should be 

considered a limitation in interpreting results.  

First, I explored the change in self-efficacy assessment scores pre- to post-PD for the 

sample of 23 teachers in order to understand if the results from this subsample aligned with what 

was found with the full sample of 28 teachers in the prior PD evaluation (Duncan Seraphin, 

2014). Row 1 of Table 4.11 indicates that there was an increase in scores by 1.34 from pre- to 

post-PD that was statistically significant (p < 0.01). This result demonstrates that the change in 

self-efficacy assessment scores between these periods in this subsample is similar to what was 

observed in the prior evaluation (Duncan Seraphin, 2014). I then compared post-PD to follow-up 

scores to determine if there was a decrease in scores on the self-efficacy assessment since the 

PD. Row 2 of Table 4.11 indicates that the decrease in scores by 0.21 from the post-PD  

to the follow-up time point was statistically significant (p < 0.05). Finally, I compared the pre-

PD and follow-up scores to determine if the follow-up scores were higher than the pre-PD 

baseline scores. Row 3 of Table 4.11 indicates that there was a statistically significant increase in 
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scores by 1.14 from the pre-PD to the follow-up time point (p < .01). Statistical conclusions for 

these paired-samples t-tests at these levels remained after applying the Benjamini-Hochberg 

adjustment. In summary, although some gains pre- to post-PD were lost by the follow-up time 

point, the teachers still scored significantly higher at the follow-up than on the pre-PD 

assessment. While scores were significantly lower at the follow-up than the post-PD time point, 

the effect size was comparatively small. Thus, the loss in self-efficacy between the post-PD and 

the follow-up was minor compared to the gain in scores from pre-PD to post-PD.  

Table 4.11 

Paired-samples t-Test Results Between Different Time Points of the Self-efficacy Assessment 

Time 1 Time 2 Estimate SE t(22) p Statistical 

conclusion a 

95% CI Hedge’s g 

Pre-PD Post-PD 1.34 1.14  5.67  < .001 Sig** [0.85, 1.84] 1.55 

Post-PD Follow-up 0.21 0.47  2.14 .022 Sig* [-0.01, -0.41] 0.28 

Pre-PD Follow-up 1.14 1.01   5.41 < .001 Sig** [0.70, 1.57] 1.35 

 

Note. N = 23.  

*p < .05. (one-tailed), **p < .01. (one-tailed) 

 a Statistical conclusion after applying Benjamini-Hochberg adjustment  

 

 Figure 4.12 shows a scatterplot of the relationship between the change in scores on the 

self-efficacy assessment from pre- to post-PD and the change in scores from post-PD to the 

follow-up time point. Only three of the teachers did not show gains from pre- to post-PD. Almost 

half of the teachers (10 of 23) did not lose any of their pre- to post-PD gains at the follow-up 

time point or gained in scores at the follow-up. There was a significant negative correlation 

between the pre- to post-PD gains and the post-PD to follow-up losses, r(22) = -.47, p = .025 

(two-tailed). This means that the more the teachers gained pre- to post-PD, the more they lost at 

the follow-up. The line in Figure 4.12 has a slope of negative one (y = -x). The individuals 
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falling close to this line had pre- to post-PD gains approximately equivalent to their follow-up 

losses.  

Figure 4.12 

Scatterplot Relationship Between the Change in Pre- to Post-PD Scores and Post-PD to Follow-

up Scores on the Self-efficacy Assessment 

 

Note. N = 23. The line has a slope of negative one. The individuals falling near this line had pre- to post-PD gains 

approximately equivalent to their follow-up losses. The individuals in the solid circle sustained their pre- to post-PD 

gains over time. The individuals in the dotted circle gained pre- to post-PD but had moderate losses post-PD to 

follow-up.  

 

 The individuals in the solid circle (n = 7, 30%) in Figure 4.12 sustained their pre- to post-

PD gains over time. The individuals in the dotted circle (n = 5, 22%) gained pre- to post-PD, but 

had losses in self-efficacy post-PD to follow-up. The teachers in the solid circle had, on average, 

a couple more years of teaching experience than those in the dotted circle (solid circle M = 12 

years, dotted circle M = 9.8 years). There was no clear difference in discipline or grade levels 
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taught between the two groups; the solid circle includes two high-school teachers and five 

middle-school teachers; the dotted circle includes one high-school teacher and four middle-

school teachers. 

There was a significant correlation between the teachers’ pre-PD self-efficacy scores and 

years teaching science, r(22) = .48, p = .019 (two-tailed). However, when an outlier teacher was 

removed who had 30 years of teaching experience and a gain of 2.8 points on the Likert-type 

scale from pre- to post-PD, this relationship was no longer significant, r(22) = .41, p = .056 (two-

tailed).  

I conducted independent-samples t-tests to evaluate the difference in magnitude between 

the middle- and high-school teachers’ pre-PD self-efficacy assessment scores, their change 

scores pre- to post-PD, their change scores post-PD to follow-up, and at the follow-up time point 

(Table 4.12). The difference in pre-PD self-efficacy assessment scores of 0.23 between the 

middle-school teachers and the high-school teachers was not statistically significant. There was 

also no statistically significant difference between the magnitude of change scores pre- to post-

PD (0.29) or post-PD to follow-up (0.09) between the middle-school and high-school teachers. 

Thus, it is not surprising that at the follow-up time point the two groups were also not 

statistically different (difference of 0.03).  
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Table 4.12 

Independent-samples t-Test Results by Grade Bands on the Self-efficacy Assessment 

Scores Middle-school 

teachers (n = 15) 

High-school 

teachers (n = 7) 

Estimate SE t(20) p 95% 

CI 

Hedges’ 

g 

M SD M SD       

Pre-PD 

 

3.27 0.95 3.49 0.88  0.23 0.42 0.54 .597 [4.27, 

14.38] 

0.21 

Change scores: 

Pre- to post-

PD  

1.50 1.18 1.21 1.05  0.29 0.52 0.56 .583 [1.95, 

8.97] 

0.25 

Change scores: 

Post-PD to 

follow-up 

-0.23 0.45 -0.13 0.55 0.09 0.22 0.42 .677 [-6.74, 

-1.05] 

0.20 

Follow-up 4.54 0.63 4.57 0.77 0.03 0.31 0.09 .929 [-0.67, 

0.62] 

0.04 

 

Effects of PD Participation After PD Under Study 

At the start of the interview, the teachers were asked if they had participated in any 

significant PD since the PD under study had ended (dichotomous response—yes or no). I asked 

this question because prior research on the PD under study had shown that whether the teachers 

had participated in substantial PD was a significant factor in student learning (Duncan Seraphin 

et al., 2017). Although not specified, based on their answers the teachers interpreted “significant 

PD” to mean “significant science PD.” Eight of the 21 teachers who answered this question 

(38%) indicated that they had participated in significant science PD and 13 teachers (62%) 

indicated that they had not. The term “significant” was not defined and thus was left up to the 

teachers to interpret. However, a few teachers indicated that they used the PD under study as a 

benchmark for “significant.” For example, one of the teachers who responded “no” said “nothing 

as in-depth as the TSI PD.” Three of the eight teachers who responded yes, they had participated 

in other significant PD, said they had attended PD focused on the NGSS, which were being 

rolled out in Hawai‘i around the time of this follow-up study.  
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 I conducted independent-samples t-tests to evaluate the difference between the teachers 

with and without significant PD experiences after the PD under study and their scores on the 

follow-up instruments. There were no statistically significant differences between the teachers 

who reported that they participated in additional substantial science PD and those who did not 

for any of variables as operationalized by the instruments (Table 4.13). However, it is important 

to note that the small sample size favors this null hypothesis. All of the estimates are higher for 

the additional PD group, which suggests that there may be some systematic variance in these 

variables explained by this additional-PD variable.  

Table 4.13 

Independent-samples t-Test Follow-Up Instrument Results Between the Teachers With and 

Without Significant PD Experiences After the PD Under Study 

Instrument No additional PD 

(n = 13) 

Additional PD 

(n = 8) 

Estimate SE t(19) p 95% 

CI 

Hedges’ g 

M SD M SD       

Inquiry 

Teaching 

Assessment 

-0.02 1.42 0.12 1.01  0.14 0.58 0.24 .812 [-1.07, 

1.35] 

0.10 

Content 

knowledge 

assessment 

24.92 7.04 28.75 6.61 3.83 3.09 1.24 .231 [-2.65, 

10.30] 

0.54 

Pedagogical 

content 

knowledge 

assessment 

4.02 0.46 4.18 0.36  0.15 0.19 0.79 .440 [-0.25, 

0.55] 

0.45 

Self-efficacy 

assessment 

4.54 0.76 4.66 0.61  0.12 0.32 0.37 .719 [-0.55, 

0.78] 

0.27 

 

Note: N = 21 

Comparisons Between and Across Quantitative Assessments 

To examine the credibility of the results from the quantitative assessments, I estimated 

the correlations between time points for the scores on each instrument using z-scores (Table 

4.14). The comparisons between each of the time points of the content knowledge assessment 
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were correlated the most tightly (r > .82 for all comparisons), followed by the pedagogical 

content knowledge assessment, the self-efficacy assessment, and then the Inquiry Teaching 

Assessment (r < .48 for all comparisons). The post- PD to follow-up time point scores were 

correlated most strongly for all of the instruments; the scores on the content knowledge 

assessment also had a high correlation between the pre-PD to follow-up time points. The pre-PD 

to post-PD score correlation was weakest for three of the four instruments, the exception being 

the Inquiry Teaching Assessment.  

Table 4.14 

Score Correlations Within Instruments Across Different Time Points 

Instrument Pre-PD Post-PD Follow-up 

Inquiry Teaching Assessment    

Pre-PD –   

Post-PD .32 –  

Follow-up .19 .48* – 

Content knowledge assessment    

Pre-PD –   

Post-PD .82** –  

Follow-up .88** .88** – 

Pedagogical content knowledge assessment    

Pre-PD –   

Post-PD .46* –  

Follow-up .59** .80** – 

Self-efficacy assessment    

Pre-PD –   

Post-PD .19 –  

Follow-up .36 .77** – 
 

Note. N = 23. All scores in z-scores.  

*p < .05. (two-tailed) **p < .01. (two-tailed) 

 

I expected high, significant score correlations between all administrations of each 

instrument as they are measuring the same construct. This was true for all instruments and 
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administrations except pre- to post-PD and pre-PD to follow-up score correlations for both the 

Inquiry Teaching Assessment and the self-efficacy assessment. Score correlations were 

particularly low between the pre- and post-PD time points for the self-efficacy assessment and 

between the pre-PD and follow-up times points for the Inquiry Teaching Assessment (both r = 

.19). Low correlations indicate a regression in scores to the mean or other measurement error 

problem.  

Pearson correlations on z-scores were also estimated between instruments’ scores at each 

time point (Table 4.15). I expected no or weak score correlations across instruments as the 

instruments are designed to measure different constructs. This was true for all instruments except 

the pedagogical content knowledge assessment and the self-efficacy assessment. The scores on 

these instruments were significantly positively correlated across all time points—r(22) = .50, p < 

.01 (pre-PD), r(22) = .80, p < .01 (post-PD), and r(22) = .70, p < .01 (follow-up). Positive 

relationships among scores on instruments indicates they are measuring related constructs and 

may be considered evidence of convergent validity, but it can also be indicative of 

commonalities in administration and test structure. Both the pedagogical content knowledge 

assessment and the self-efficacy assessment had Likert-type scale items. In addition, they were 

administered back-to-back on a single questionnaire. The pedagogical content knowledge 

assessment was first, the self-efficacy assessment was second. While undoubtedly some of the 

reason for the high correlation between the pedagogical content knowledge and self-efficacy 

scores is due to the similarity between the constructs, it is difficult to distinguish this from bias 

due to method effects, or other bias such as acquiescence on the part of the participants.  
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Table 4.15 

Score Correlations Across Instruments and Different Time Points 

Time point by instrument Inquiry 

Teaching 

Assessment 

Content 

knowledge 

assessment 

Pedagogical 

content 

knowledge 

assessment 

Self-efficacy 

assessment 

Pre-PD assessments     

Inquiry teaching  –    

Content knowledge  .31 –   

Pedagogical content knowledge  .11 -.05 –    

Self-efficacy  -.03  .04 .58** – 

Post-PD assessments     

Inquiry teaching  –     

Content knowledge  -.10 –   

Pedagogical content knowledge   .19 -.06 –  

Self-efficacy  .12 -.11 .80** – 

Follow-up assessments     

Inquiry teaching  –     

Content knowledge  -.07 –   

Pedagogical content knowledge   .24 -.17 –  

Self-efficacy  .22 -.17 .70** – 
 

Note. N = 23. All scores in z-scores.  

**p < .001. (two-tailed) 

 

In Summary—Results of Research Questions 1 and IA 

Table 4.16 is a summary of the quantitative results and interpretation of each data source 

by research question. Figure 4.13 illustrates how the constructs are related to each other 

graphically. 
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Table 4.16 

Summary of Results and Interpretation of Data Sources by Research Question 

Data sources Research 

question 

Results Interpretation 

Pre-PD 

Pre-PD to 

post-PD 

Post-PD to 

follow-up 

Pre-PD to 

follow-up Follow-up 

Inquiry 

Teaching 

Assessment b
1 — 

Increase 

g = 0.99 

Decrease 

g = 0.43 

Increase 

g = 0.59 
— 

Scores declined, 

but sig. higher 

than baseline 

Content 

knowledge 

assessment 

1 — 
Increase 

g = 1.34 

Decrease 

g = 0.70 

Increase 

g = 0.75 
— 

1A a 

MS c 

lower 

scores 

MS c 

increased 

more 

MS c 

decreased 

more 

— 
No 

difference 

Scores declined, 

but sig. higher 

than baseline 

PD mitigated 

incoming MS/HS c 
content differences  

Pedagogical 

content 

knowledge 

assessment b 

1 — 
No change 

r = 0.13 

Increase 

r = 0.37 

Increase 

r = 0.39 
— 

Scores rose over 

time, indicating 

maturation effect 

or enhanced self-

perceived capacity 

to facilitate 

inquiry teaching 

strategies 

Self-efficacy 

assessment b 
1 — 

Increase 

g = 1.55 

Decrease 

g = 0.28 

Increase 

g = 1.35 
— 

Scores declined, 

but sig. higher 

than baseline; 

may have played 

factor in follow-

up confidence 

All 

quantitative 

assessments 

1/1A 

Credibility 

of results 

Score correlations were particularly low between the pre- and post-PD time points 

for the self-efficacy assessment and between the pre-PD and follow-up times points 

for the Inquiry Teaching Assessment (both r = .19); this indicates a regression 

towards the mean or measurement error problem. 

The scores on the pedagogical content knowledge assessment and the self-efficacy 

assessment were significantly positively correlated across all time points r(22) = .5 

– .8; indicating they are measuring related constructs and/or indicative of

commonalities in administration and test structure.

On all instruments, the more teachers’ scores rose over the course of the PD, the 

more their scores declined by the follow-up r(22) = -.61– -.47; which may indicate 

a regression towards the mean. 

a All times points—no relationship between instrument scores and teacher experience 

b All times points—no relationship between instrument scores and teacher experience or teacher grade level 

(research question 1A) 

c MS = middle-school teachers, HS = high-school teachers  
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Figure 4.13 

Synthesis of Quantitative Instrument Results 

 

Note. The clear boxes denote the quantitative constructs measured. The grey box represents one of the corners of 

Bandura’s Theory of Reciprocal Determination, the personal factor. The circle is a moderator factor. Arrows 

indicate relationships.   

 

Research Question 1. The four quantitative instruments utilized in this study were 

designed to measure different aspects of the teachers’ personal (cognitive) qualities. On three of 

the four instruments (Inquiry Teaching Assessment, content knowledge assessment, and self-

efficacy assessment) scores increased significantly pre- to post-PD and regressed significantly 

toward the pre-PD baseline post-PD to follow-up. The declines were greater for the content 

knowledge assessment and the Inquiry Teaching Assessment than for the self-efficacy 

assessment. However, the teachers’ follow-up scores on these instruments were still significantly 

higher than their pre-PD baselines (Hedges’ g = 0.5–0.8, indicating a moderate statistical effect 

size). The teachers’ scores on the pedagogical content knowledge assessment increased, but not 
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significantly, pre- to post-PD and continued to increase post-PD to follow-up. At the follow-up 

time point, scores were significantly greater than at both the pre- and post-PD time points (g = 

1.35; a very large effect). Thus, the teachers’ self-efficacy, content knowledge, and pedagogical 

knowledge declined over time after the PD, but scores on the pedagogical content knowledge 

assessment increased over time. However, it is important to note that the self-efficacy assessment 

and pedagogical content knowledge assessment scores were highly correlated. 

Research Question 1A. The grade level of the teachers was related to their content 

knowledge assessment scores. Additional PD, engaged in after the PD under study, did not 

significantly affected the teachers’ quantitative assessment scores, although higher scores in the 

group that engaged in additional PD were found for each variable. Teacher experience was not 

significantly related to scores on the quantitative assessments. Thus, only one of the variables 

that was significant in the original PD evaluation was significant in this follow-up study.  

Interview Qualitative Results—Research Question 2 

Interviews were conducted with 22 out of 23 participants (96%) after completion of the 

quantitative instruments. This section describes the findings of the qualitative data collected 

during the teacher interviews. I arranged the interview results section roughly following the 

structure of Bandura’s Theory of Reciprocal Determination. I first outline the results of an 

emergent environmental factor—that of the PD. I then describe findings aligned with the 

quantitative instruments, self-perceived cognitive (personal) changes in pedagogical and content 

knowledge. Enhancements and hindrances to PD implementation are organized by 

environmental, personal, and behavioral interactions. I then describe the teachers perceived 

behavioral (teaching) changes as a result of the PD. I end this section by summarizing the results 
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of the second research question, including the use of a table and figure of the core findings. 

Throughout this section I have edited the teachers’ quotes slightly for clarity and conciseness.   

Environmental Factor 

PD Embodied Adult Learning Principles. An unexpected theme that emerged from 

82% of the teachers’ interviews (18 of 22) was the importance of PDs embodying adult learning 

principles and being reflective of well-established core PD features (Table 4.17). Over two-thirds 

of the teachers (14 of 22, 64%) spoke of the PD as being high-quality—that the PD was “really 

good.” The teachers asked the interviewer if the same facilitators were doing more PD they could 

participate in. Eight teachers (36%) said they appreciated the expertise of the PD facilitators, in 

terms of both their content and pedagogical expertise as well as their competence in planning and 

logistics. Approximately a quarter of the teachers liked the PD structure (e.g., year-long, with 

time for iterative implementation and reflection), that the PD was easy to incorporate in their 

practice, and how the PD built a professional learning community.  

Only four teachers (of 22, 18%) mentioned PD enticements, such as the up to 12 PD 

credits the teachers were eligible for, the PD stipend of $1,200, and/or the provision of substitute 

teachers for four days over the course of the year to allow the teachers to attend PD sessions. 

This is in contrast to the more tangible benefits of supplies and curriculum, that the PD also 

provided and which a number of the teachers mentioned during the follow-up interview (13 of 

22, 59%). Although the supplies and curriculum were more durable resources, and thus a longer-

term benefit than short-term incentives like money or substitutes, the amount of PD credit 

available was substantial (the credit was optional and involved some additional requirements). 

The accumulation of PD credit enables teachers to move up in pay scale; 21 teachers (of 28 in 

the original PD, 75%) completed PD portfolios per PD module (many of the teachers completed 
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PD credit requirements for multiple modules). Having this outcome only mentioned by three 

teachers was surprising. Another surprising finding was that two of the experienced science 

teachers (with 20 and 30 years in the classroom) said the PD was non-threatening.  

Table 4.17 

Adult Learning Principles and Core PD Features  

Adult learning 

principles and/or 

core PD feature 

No. of 

teachers 

Example quote(s) a 

Quality PD 14 

(64%) 

 

The PD “was really good,” the teachers said they would “love to do another 

course like this” and they “always recommend [the PD] to others.” 

 

“I wanted to know if anything of that sort was going to be offered again in the 

future. Because it was like super good for my brain. Maybe a lot of work, but 

it was really good for me, and so, I would like to still be in the loop on any 

future offerings.”  

 

Expert PD 

facilitators 

8  

(36%) 

 

“[The facilitators] do a great job with their planning and they really think about 

the teachers, which doesn’t always happen.” 

 

Three teachers signed up for more PD by the same facilitators. 

“When the OPIHI project came out [subsequent PD taught by same facilitators], 

I kind of was more excited about it, and inclined to do it, because I knew it 

would be done well, and I could feel confident and safe that I would be given 

the skills necessary to take my kids out to the intertidal.” 

  

“Good” PD 

structure 

6  

(27%) 

 

“It forced me to look at, in detail, the teaching techniques and strategies in a little 

bit—in more detail. Breaking it down into parts, and that’s where you, 

‘Ooooh! You know that, ooh ok! You know? That makes sense!’…TSI broke 

it down to each one of those parts… [and then] built it up a lot better.”  

 

“[It was] wonderful to do it over a year’s time...gives you plenty of time to digest 

it, experiment, and try different things while you adopted within your own, in 

the back of your mind, to put that in place.”  

 

“It [the PD] only strengthened me, versus, made things more complex.”  

 

Development of 

teacher 

community 

5 

(23%) 
 

“I feel like seeing what other teachers are doing is really powerful. So, the 

[online sessions], plus sitting at the table with somebody else when they went 

over a lesson that they had done was really very, very useful. Just like 

stepping outside of your own mind and seeing it from a different angle, was 

like ‘oh, gosh, why didn't I think of that?’ But, wait, ok, now I, now I know it, 

so now I’m going to incorporate that.”   
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Adult learning 

principles and/or 

core PD feature 

No. of 

teachers 

Example quote(s) a 

Easy to 

implement 

5  

(23%) 

“It was set up in a way that was really easy and comfortable and made sense.”   

 

   

PD credit, stipend, 

and/or 

substitutes (to 

attend PD) 

4 

(18%) 
 

“I got a lot of credit for it, yay! You know, there’s nothing like another way to go 

up in the DOE system and maybe earn a little more money, thank you. I took 

my stipend and bought some new equipment, yay! That also was really good, 

because there’s never any money ever, for anything!”  
   

   

Engaging PD 3 

(14%) 
 

“it was really good, it was fun, hands-on”  

Led to new 

opportunities 

3  

(14%) 

“I ended up joining the OPIHI workshop [subsequent PD taught by same 

facilitators] experiences with my kids. And it kind of led to more things with 

my students, and for me as well, which was pretty amazing.” 

 

PD was non-

threatening 

2  

(9%) 

 

“I’m not as fearful to teach science, I think, because of being in the PD. The way 

it was taught was really relaxed so that it didn’t feel threatening. So for sure I 

was able to absorb more…I think it’s very non-threatening the way that you 

guys teach it, and in the order that you taught it in.”  
 

Note. N = 22.  

a There is overlap in categories amongst quotes.  

 

Two of the teachers, one of whom had become a district science resource teacher and 

another who had left the classroom to become an informal science educator, said that they 

learned about the pedagogy of PD by attending the PD under study. This experience helped them 

implement their own subsequent teacher PDs.   

A lot of PDs fail, they don’t work because they don’t have that before PD, during the PD, 

and then after PD. However, you guys did…I think that really helped me, professionally, 

grow because unfortunately a lot of the PDs that I go to, I don’t implement, because it’s 

just, ‘it happened, it was so far away’ or we get caught up in our own day-to-day things 

and there’s no follow-through and there’s no accountability because nobody else is 

checking on you, right? But with you guys it was quite different.  
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Personal Factors 

Gained Pedagogical Knowledge. Two and a half years after the PD, 19 teachers (86%) 

said the PD had enhanced their pedagogical knowledge. This included all but one of the newer 

teachers (6 out of 7, 85%), and 13 out of 15 of the experienced teachers (87%). Approximately 

two-thirds of these teachers (12 out of 19, 63%) reported that their perceived enhanced 

pedagogical knowledge directly led to behavioral changes in their teaching practice. For 

example, the following teacher reported that understanding more about inquiry, and the inquiry 

circle of learning, resulted in a change in how she approached formatting lessons: 

So, you start with a hook, and then they create their own predictions, and then they share 

it out, and they adjust it through testing, and modeling, or applying, and then we come 

back to discussion. It’s that circle of learning—I use it a lot.  

While three teachers used vague terminology, describing the PD pedagogy as “just a good model 

for how to teach science,” Table 4.18 lists the more specific pedagogical concepts the teachers 

said were significant. Half of the teachers (11 of 22, 50%) reported that one of their main 

takeaways from the PD was the concept that the scientific process is not linear, that the scientific 

method does not proceed in a lock-step fashion. The pedagogy the PD used, TSI, emphasized 

this in the way the TSI phases were represented, and we stressed this in how we modeled using 

the phases for planning and reflection in the PD. Although most of the teachers did not use the 

TSI terminology, the concept that the TSI inquiry cycle was designed to convey was retained. 

About a third of the teachers (8 of 22, 36%) were struck by the concept of metacognition and the 

importance of being reflective about their own teaching practices. A similar number of the 

teachers (7 of 22, 31%) said that learning there are many different ways to do science, conveyed 

in the PD through the use of the TSI modes of inquiry, was significant as they had previously 
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been boxed in by the notion that “doing science” needed to involve experimentation and 

manipulation. Six teachers (27%) shared that they found the concept of the teacher-as-research-

director in student-centered learning important.   

TSI made a lot of impact on me just in terms of how to engage students differently with 

any subject, and allows students to make mistakes and discover on their own with 

guidance from the teacher, as opposed to just direct instruction or differentiated 

instruction, like all those other different pedagogical approaches.  

The teachers also reported that the purposeful questioning strategies covered in the PD, the idea 

of having students think like scientists, and the importance of initiation (a TSI phase), were all 

important concepts they learned in the PD that had become ingrained in their teaching 

philosophies. The teachers brought up all of these concepts spontaneously. They were asked 

what they thought was the most significant pedagogical method(s) or strategy(s) that they 

learned as a result of participating in the PD, but were not prompted to respond with any 

particular TSI term or concept.  

Of the 19 teachers who said the PD enhanced their pedagogical understanding, one 

reported five of the pedagogical concepts listed in Table 4.18 as significant to their teaching 

practice. The rest of the teachers reported that one to three concepts were significant (M = 1.9, 

SD = 1.23).  
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Table 4.18 

Pedagogical Concepts the Teachers Thought were Significant in the Follow-up Interview 

Pedagogical concept No. of 

teachers 

Example quote(s) a 

The scientific process is 

not linear (TSI phases; 

inquiry cycle) 

11 

(50%) 

 

“I think the one important thing I learned was that in science we don’t 

have a linear process of steps. That we go back and forth, and 

students can come up with new discoveries, or new predictions as 

they’re working.”  
 

“I know for me the main takeaway I had after TSI was realizing that 

there’s not like one linear scientific method...So that has changed my 

own thinking of the scientific process. And therefore, that’s what I 

relate to the students too.”  
 

The importance of 

metacognition/ being 

reflective (as a teacher) 

8  

(36%) 

 

“[The PD gave me] a chance to look at my own teaching practices, how 

I view the student learner, how I want to enhance the student 

learners’ experience within the classroom.”  
 

There are lots of different 

ways to do science   

(TSI modes) 

7  

(31%) 

 

“The modes of science, that there are a lot of different ways to do 

science, not just like experiments, which is what a lot of people 

think.”  
 

“Inquiry can also be looking stuff up in a book and researching, doing 

that kind of thing is also inquiry and not just hands-on experimenting 

all the time, which is an important part, but it’s not the only part.”  
 

Teacher-as- research-

director; student-

centered learning 

6  

(27%) 

 

 

“[TSI] allows me to put more of the work or the focus on the students 

and allow them to investigate in their own way, so with planning I try 

not to be so rigid in what I’m expecting of them, and let them kind of 

just investigate or explore on their own.” 
 

Questioning strategies 4  

(18%) 

“It’s really important when our principals and administration go through 

and do a walk-through that they see that higher-level questioning 

happening via the teachers. However, it’s not limited just to the 

teachers. It’s also the students. They’re observing and making sure 

that the students are asking those higher-level questions…[so] I 

implemented a lot. The primary reason is that—is the inquiry.”  
 

Having students think like 

a scientist (TSI scientific 

demeanors) 

3 

(14%) 
 

“I really liked the part where there was an emphasis on thinking like a 

scientist. And so, I sort of make a point to emphasize that. That it 

doesn’t matter what the topic is, if you’re thinking like a scientist and 

you bring that to bear on any aspect of your—of much of your life, 

then you are a scientist.”  
 

Importance of initiation 

(one of the TSI phases)  

3  

(14%) 
 

“I remember and today still apply the idea of trying to get them to—sort 

of beginning with a question. Like trying to lure them into thinking 

about the topic before any sort of lecture or anything is presented.”  
 

Note. N = 22.  

a There is overlap in categories amongst quotes.  
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Gained Content Knowledge. Of the 22 teachers interviewed for this follow-up study, 14 

(64%) said the PD enhanced their content knowledge, including 4 of the 7 high-school teachers 

(57%) and 10 of the 15 middle and elementary-school teachers (67%). Five of the 7 novice 

teachers (71%) and 9 of the 15 experienced teachers (60%) reported gains in content knowledge. 

Four of these teachers (29%) made explicit links between their perceived gains in content 

knowledge and behavioral changes in their classroom. There was no pattern in perceived content 

knowledge gained related to the discipline the teachers taught at the time of the PD.  

Thirteen teachers shared that the content knowledge they gained in the PD was either in 

an area they had less prior knowledge or training in, and/or was directly related to content they 

had to cover in their classrooms. Six teachers said they lacked training in science; the PD served 

as an introduction to one or more science disciplines. For example, one teacher shared they had a 

history background, thus all of the content addressed in the PD was new to them. Another 

teacher shared that: 

[Ecology] was content that I didn’t learn in high school. Even the science class that I took 

[at a university] to prepare me as a science teacher didn’t teach any of those concepts. It 

taught microecology and macroecology, but not ‘what does a scientist do with that 

information?’ and then how do they come up with plots and transects and all this other 

stuff.  

Four of the teachers said they had little training in a discipline they were teaching and the PD 

helped them deepen their knowledge. A middle-school teacher said she had a chemistry teacher 

who made her memorize the periodic table—which “didn’t do much” for her understanding, “but 

I do actually need to teach the periodic table to 6th graders.”  
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[The PD] completely changed the way I was teaching chemistry ‘cause I was doing such 

a bad job of it, right? I was doing things that didn’t work for me when I was in high 

school and in middle school, ‘cause I didn’t have a better idea on how to do it. I think I 

got a lot of much better ideas about how to make that information more practical, more 

accessible, more logical. 

A third group of the teachers shared that the content covered in the PD was directly related to 

what they were teaching and they felt the PD enhanced this knowledge. For example, a teacher 

that had a marine science undergraduate degree said: 

I think it was a good time for me to take the PD when I did because it was after my first 

year of teaching [marine science], and at that point was looking to kind of improve my 

teaching methods. I had gotten through the first year of teaching, but I wanted to be able 

to know the content better first of all, which helped a lot. TSI helped with that quite a bit. 

Figure 4.14 shows the relationship between these three groups of teachers—those for 

whom the PD addressed content deficiencies due to their lack of training, those for whom the PD 

was directly relevant to their teaching practice, and those for whom both of these conditions were 

true. 

Four of the teachers, including three non-marine science teachers, said the PD enhanced 

their understanding of how disciplines were integrated, and how different content could be 

related under the umbrella of, and taught through the lens of, aquatic science.  

I wanted to learn more, just plainly, about the ocean so I could teach it better. But I also 

liked the idea as the PD was going on, I was like ‘Oh, I can actually weave—I can start 

from this point and have a lot of it mesh in.’ I can kind of, not really, kill two birds with 

one stone, but I can address a lot more standards in this unit structured this way, coming 
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from the aquatic perspective, than I can from others. And that was a huge content shift —

but I guess that’s also more pedagogical too. In my head I was seeing more connections 

with the content.  

When talking about specific content they thought was significant in the interview, two of the 

teachers mentioned the concept of one ocean—a foundational ocean literacy principle that was 

stressed throughout the PD. However, while the overarching theme of water in the PD tied 

content together, this focus could also limit implementation as most of the teachers did not teach 

marine science.  

Figure 4.14 

Venn Diagram of Relationship Between PD Content Knowledge and Teaching Relevance 

 

Note. N = 13. 

 

Erosion of Pedagogical and Content Knowledge. Hindrances to implementation 

relating to forgetting PD principles, terminology, and content emerged from the interviews of 11 

of the teachers (out of 22, 50%). The most common hindrance (7 teachers, 32%) was forgetting 

the specifics of the pedagogical wording, apparent in the interviews due to stumbling over TSI 

terminology. For example, in reference to talking about one of the specific TSI inquiry phases, 

all of which start with the letter ‘I’, a teacher said “I don’t remember which ‘I’ that is…” When 
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asked if they were currently using the TSI pedagogical framework in their practice, one teacher 

said she was implementing some of the PD activities, and thus “I think I must be following, 

generally the TSI framework, but I couldn’t know.” She was honest about her lack of recall, but 

also knew the concept the pedagogical words were used to convey, 

I don’t make specific reference, definitely not for the phases, ‘cause that I have dropped 

completely… I can’t even recall the phases actually, I mean I just remember what it 

looked like...like I know the purpose of the phases was that you could go through it 

fluidly, there was no one way to go about doing it, but—I don’t know, something about it 

just didn’t stick with me. Like, even the names. I think it’s the concept of it that stuck 

with me, but not necessarily the specific phases and how to do the phase, and what each 

phase meant.  

Several other teachers were also no longer explicitly using TSI terminology, but, as one teacher 

reported, the crux of the pedagogical concepts had become “part of [their] base teaching 

practice.”  

A slow forgetting of pedagogical concepts, not just terminology, over time was 

mentioned by six teachers (27%). While some of the teachers were a bit wistful about this loss 

and suggested additional PD sessions to jog their memories, others were more pragmatic, “[TSI] 

kind of fell to the wayside sometimes, just because there’s so much stuff that you’re always 

wading through. For me, I just tend to get overwhelmed with other stuff and then I get forgetful 

of things.” Interestingly, only two of the teachers directly linked their forgetting of PD 

pedagogical concepts to a decline in their classroom implementation of PD material.  
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Two teachers (14%) who were actively using PD pedagogy and activities in their 

practices reported a loss of content knowledge since the PD, in part because they were not evenly 

implementing activities from all of the disciplines addressed by the PD.  

I would say I don’t really use the sampling technique activities because it just doesn’t feel 

like it’s one of the ‘big sciences,’ like it doesn’t fit into chemistry, biology, physics, it’s 

ecology. And there’s not a lot of stress on ecology in K–12 curriculum. So, unfortunately 

I don’t really use those activities at all. Actually, when I was taking the content test again 

I completely had lost that knowledge, I was kind of just guessing because I haven’t used 

it since TSI.   

Interactions Between Environmental and Personal Factors 

PD Affirmed Teaching Philosophy. The PD affirmed 11 of the teachers’ beliefs (50%) 

about their teaching philosophy and practices. Ten of these teachers felt that the PD confirmed 

their pedagogical practices, the one elementary teacher in this study, who implemented all of the 

activities successfully with her 5th grade students, thought the PD confirmed her belief that 

young students “can absorb and learn and succeed…I didn’t see why they couldn’t do it, and 

they didn’t either.”  

Fourteen of the 22 interviewed teachers (64%) were experienced, defined as having five 

or more years of classroom experience at the start of the PD. Seven of the 22 teachers (32%) 

were novices, defined as having three or less years of classroom teaching experience at the start 

of the PD. The experienced teachers were more likely to report that the PD affirmed their 

pedagogical practices (8 of 14 teachers, 57%), than the novice teachers (2 of 7 teachers, 29%). 

For example, a teacher who had been teaching for nine years at the start of the PD said:  
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It [the PD] confirmed my belief that kids need to do science, they need to be scientists, 

and do the practices of science. And that inquiry does take a huge amount of time, and 

I’m not doing it wrong. ‘Cause for awhile I thought ‘Oh, I’m not doing something right 

because I’m taking so much time doing stuff.’ And then when I took the class I realized, 

‘oh no, this is exactly what I’ve always wanted to do, and kind of been doing, but better 

now. It reinforced the things I was doing.  

A teacher with ten years of experience reiterated this position. His response explains why, for 

some of the teachers, although they thought the PD was a positive learning experience they 

might not think it resulted in large teaching changes. 

I tried to do what it is TSI was advocating previously. And so, all it did was sort of 

formalize it for me in my mind. So, if I were to say on this ‘not at all’ to ‘very much’ 

scale how much did I change after the class, I wouldn’t say that much, because I already 

agreed with their philosophy of education and tried to apply it as much as I could 

anyway. 

However, most of the teachers thought that if even the PD confirmed existing practices, it also 

asked them to “take it up a notch.” A teacher with 15 years of classroom experience said, “I 

normally would do that [teach via inquiry], now I do it more.” Another teacher with nine years of 

experience said that, “the questions and answers that I used with students became more focused 

on modes of thinking, and that really put a little more shine on them.” The teachers also reported 

that this confirmation led to behavioral changes like explicitly reminding students to embody the 

demeanors of scientists and being more purposeful in their lesson planning.  

Three of the more experienced teachers who had 10, 15, and 20 years of experience said 

the PD was invigorating.  
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I think TSI sparked something in me, turned me on a little bit for science and trying to 

share that out, and just to keep reigniting that a little bit, because sometimes you just need 

that little extra charge, a little extra gas.  

Because the PD was aligned with many of the teachers’ existing notions, one teacher said it had 

resulted in behavior change, “because it’s something that reflects my own personal belief—my 

personal teaching philosophy—it’s something that I’m more likely to put into practice, for years 

to come.”  

PD Increased Confidence. Seven out of 22 teachers (32%) said the PD increased their 

confidence. More of the new teachers at the start of the PD (4 of 7, 57%) reported gains in their 

confidence levels than the experienced teachers (3 of 15, 20%). Four teachers explicitly stated 

that their confidence stemmed from their gains in content and/or pedagogical knowledge,  

I think in the content there was so much for me for me to learn because I didn’t have that 

background, so the whole chemistry module…I felt really weak in that area, but even so, 

being pushed to take those concepts back into the classroom and teach even the smallest 

part that I understood from that chemistry unit. I felt confident in getting that process 

across to my kids…knowing that I felt solid in just some real basics to take that back to 

my students I think was important. 

—teacher with 20 years of experience   

Two teachers said their confidence grew from implementing the activities as students in the PD. 

Because the PD modeled the activities they were going to implement, the teachers said they were 

“not just floundering around, I know where I’m going,” in large part because they understood 

how students would experience the activity. 
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After doing the PD I was a lot more confident in what I was doing in a lot of the lessons, 

partly because it was the second time around, but also because I had a model of how to 

approach teaching, because in the workshops they did a good job of putting the teachers 

in the position of the students, so that we could kind of understand what the students are 

going through. So, that was really helpful. I kind of knew what kind of misconceptions 

the students might have, or how they might go about approaching the labs, because I had 

been in that position as a student-teacher. 

—Teacher with 2 years of experience  

Four teachers explicitly reported that their gains in confidence led to changes in their teaching 

practice. Interestingly, two of the teachers spoke about the importance of trust and reputation in 

confidence,   

It makes me feel a little more solid in my practice that you guys know what the hell 

you’re doing, so you made it right and I can just use that, and I can trust what I learned 

from you guys.  

—teacher with 20 years of experience   

Another teacher with five years of experience shared that her confidence increased, “and the 

students know it, the students feel it.”  

Personal Preferences and Agency. Three teachers (14%) made the decision to revert to 

their pre-PD teaching style due to their personal preferences and teaching philosophies. One 

teacher with 18 years of experience said that while thinking of science as a process was an 

interesting pedagogical approach, implementing it was “wishful thinking;” as “doing science as 

scientists work [is] not realistic in the science classroom.” She thought the PD was “idealistic.” 

Another experienced teacher (15 years) was not keen on some aspects of the pedagogical 
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framework. For example, he “could never quite get into the groove of the phase[s]” and could 

not “picture a teacher putting that in a classroom… it’s like an extra layer of new jargon.” While 

he “personally didn’t see a whole lot of value in [the phases],” he did speak highly of other 

aspects of the pedagogical framework (e.g., the scientific demeanors). The third and final teacher 

who shared that their personal beliefs impeded implementation was a novice teacher with two 

years of experience who returned to her more traditional teaching style at the end of the PD.  

When I was doing the program, I did it according to how you guys gave it to us, but after 

that I did not...’Cause I prefer to do things more like how I teach, it’s just more 

comfortable for me.  

Curriculum Modifications for Students. Seven teachers, including three high-school 

and four middle-school teachers (32%), explicitly said that the activities and content were right 

at their students’ level so they did minimal, if any, modifications to the activities for their 

students. Nine teachers (41%) said they adapted the lessons to align to their students’ abilities. 

These teachers were making modifications based on their perception of their students’ abilities 

and their beliefs in how their students would best navigate the PD material. Two of these 

teachers taught high school. One taught in a special education classroom. She explained that she 

simplified the language and modified some of the steps to make them more accessible to her 

students. The other high-school teacher was blunt, but vague, in sharing that he modified and 

customized everything, as he was “looking at where learners are, and how they’re responding to 

different activities.” Seven middle- and elementary-school teachers (of 14, 50%) were more 

specific in describing the modifications they made to the activities due to their perceived abilities 

of their students. Of these, both of the teachers who taught upper elementary school after the PD 

(100%) simplified the lessons, both of the 6th grade teachers (100%) reported modifications, one 
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out of three (33%) of the 7th grade teachers made modifications, and one out of five (20%) of the 

8th grade teachers modified the lessons. Thus, as the age and grade level of the students 

increased, fewer modifications were made due to the students’ perceived abilities.   

  Most of the modifications were centered on simplifying the activities; the 5th grade 

teacher said, “I have to tone it down a little.” This included, for her, front-loading more 

information “because they had less prior knowledge” and explaining questions to them that were 

beyond their reading abilities. However, she made a point to stress that:  

There wasn’t anything that we did that they ever thought was too hard, or was too 

difficult to understand. I mean some of the vocabulary was a little challenging, but I 

would differentiate maybe by having it out on the desk for them, maybe more than you 

would in 9th grade—and I didn’t expect them to memorize anything, but that didn’t stop 

us, we just kept going.  

However, one of the 6th grade teachers felt that her students came in “with just such limited 

experience or any kind of background knowledge of science” that even simplification was not 

feasible as she needed to “put other stuff on the side to get to more of the basic stuff.” In 

contrast, a different 6th grade teacher, who worked with a lot of multilingual learners, reported 

using a number of the PD activities, particularly those designed to help build a foundation for 

understanding the scientific process. She described how she decreased the language load and 

adjusted the format of the student-facing materials to support her students, but did not change the 

steps of the activity itself. Most of the elementary- and middle-school teachers who reported 

making modifications due to their students’ abilities took this adjustment in due course; they 

recognized that the activities were designed for older students and thus modifications were 

somewhat inevitable. However, even though two of the 7th grade teachers reported making no 
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modifications to the activities and using at least some of them successfully in their classes, one 

thought the activities were “very high level, so I think it was really good for high school, middle 

school had a little bit of a hard time with the content.”  

 Only two of the middle-school teachers described modifications that I classified as 

clearly in conflict with the intended inquiry-based design of the PD activities. One of the 

teachers said she modified and shortened the activities so she would be teaching content as 

opposed to process. The other teacher said she taught her students all of the pertinent vocabulary 

before any of the activities, so they “understand what we’re trying to do before we do anything 

or we learn anything.”  

Transfer of PD Principles Beyond PD “Focus” Class. During the PD, the teachers 

were asked to choose a “focus” class in which they would implement all of the PD activities and 

administer student surveys. The teachers were welcome to implement PD activities in additional 

classes as well, but these were optional. Eleven teachers (50%) reported applying PD principles 

outside of their original PD science “focus” class. Five teachers applied TSI concepts across 

science disciplines, for example: 

The lessons and the content that was in the TSI, it applies across a wide variety of the 

curriculum. When I was taking it [the PD] my biggest complaint was that, ‘oh, you know, 

you don’t directly deal with space, cause it [the PD] doesn’t. Like nowhere in there does 

it directly say ‘stars.’ But the content is applying what I teach in space. So, it gives it 

more meaning and context. Like when I talk about the electromagnetic spectrum and I do 

the Elodea lab with the Erlenmeyer flask…I’m doing that with my 7th graders this year 

to teach photosynthesis. But I’m also doing it with my 8th graders this year because 
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they’re measuring, how the plant has selected for those [certain electromagnetic] 

wavelengths. It connects in multiple ways. 

Five teachers shared that TSI is applicable across disciplines. One teacher liked how we were 

intentional in the PD about pedagogical foci for each activity—what we were teaching and why 

we were teaching it. This teacher thought that the application of this intentionality helped her 

teaching practices, and “not just in science.” Similarly, another teacher said, “There’s a lot of 

concepts that I learned and now keep as part of my repertoire across subject areas besides just 

science.” As this teacher described,  

I taught English and life science when I took the PD and it helped me in both of those 

areas because I transferred over some of those same things about what does a scientist 

look like and what’s the difference between a law and a theory. I did that in my English 

class as well because I wanted them to be able to read things with a critical eye—and 

then I had Earth Science last year and I have no idea about Earth and space science but I 

did the whole startup again the same way I did the life science class with those activities, 

the beginning ones, of what does a scientist look like and what are the modes and what is, 

you know, the five I’s on the chart.  

Two teachers used the PD materials to develop new courses—a science camp in Africa and an 

oceanography course in a land-locked state.  

Interactions Between Environmental and Behavioral Factors 

Student Engagement and Learning. Of the 22 teachers who participated in the follow-

up interview, 18 (82%) mentioned student engagement and/or student learning. Eleven teachers 

(50%) described evidence of student learning—in both content and scientific process 

understanding. “I could see them, you know, I could really see the light coming on for them,” 
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said one middle-school teacher, “it was the ability of the students to actually have fun doing it 

and that changed the amount that they understood and the amount that they wanted to 

participate.” Three teachers, including the special education teacher and a teacher with a large 

percentage of multilingual learners, liked how the PD activities made abstract concepts more 

concrete for their students. For example, the water properties activity helped one middle-school 

teachers’ students understand the difference between adhesion and cohesion, “I think it was a 

very abstract concept for them, but it brought it down to more concrete for them using the water 

and the penny. I think that was a huge ‘aha!’ for my students.” This teacher used the TSI phase 

diagram with her students to help them understand that science is not linear and that everyone 

approaches the scientific processes differently. She thought this helped her students,  

Especially with science fair, it helped them to say ‘oh, ok. You know what? I can go back 

and change my hypothesis. I can go back and make some more observations.’ ‘oh, I can 

change my procedure a little bit and test this instead of what I wanted to test. 

Four teachers shared that this application of metacognition, as taught in the PD, enhanced their 

students’ critical thinking skills. One teacher shared, “it really did make them think about what 

are you doing at this time and how are you recording your results down—are you being careful 

about it?”  

 Student engagement was discussed by 15 teachers (68%). “Student investment that is 

intrinsic with the activity” was one teacher’s primary reason for using the PD activities, “the fact 

that students feel like they’re conducting real science, they’re answering meaningful questions, 

they’re a part of the thought process...it basically makes your job easier when you’re doing 

something that students are so invested in.” Another teacher used the PD activities to “get kids 

connected to the class faster… get engaged faster, not only with the class but with each other.” 
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One of the first things one of the teachers noticed was that the PD activities “started changing the 

attitudes of the students towards what the curriculum was.” This teacher was one of the teachers 

observed for a concurrent study on the fidelity of PD implementation: 

It was wonderful that you could come down into my classroom [as part of Lawton’s 

concurrent study (2017)] and kind of get to know the kids a little bit and get to see the 

difference from how they were, sitting there quiet and kind of shy and not really feeling 

like ‘oh, we’re very good at science’ to when you came back and they’re up and showing 

you things and excited and—for you to be able to see that change in them—it’s really 

what the program was all about.  

One teacher said her former students, who she would bump into around town, would “bring up 

the activities that we did in school that were related to what I learned [in the PD] and how much 

they learned and how fun it was.” More specifically, four teachers said the PD activities made 

learning more relevant to their students. It was “really interesting helping students see the 

relevance in the information that they’re learning instead of just thinking, ‘oh this is just biology, 

and I have to pass it and move on.’”  

PD Provided Resources for Implementation. As participants in the PD, the teachers 

were mandated to implement PD activities. To assist the teachers with this task, the PD provided 

a substantial amount of supplies to the teachers—enough for them to implement each of the PD 

activities with at least one class (in groups of 2–4 students, depending on the activity). Not only 

did the teachers report that having the supplies made it easier to start implementing the lessons 

immediately, they reported that having an adequate amount of supplies in their classrooms was 

pivotal in their practice. A middle-school teacher said this transformed her classroom.  
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[The supplies] made it [my classroom] so different, it’s not even the same in any realm, 

because it meant that instead of two or three students actually getting to do the 

experiments and see different ways that it could turn out, it meant that the whole class 

could. So, there wasn’t anybody who didn’t get a chance to see the results by doing them 

themselves….I think that it really changed everything—not just in helping me teach in a 

way that reached more students, but in their ability to say, “Ahh, I get it! Now it makes 

sense!”  

These resources meant the PD was somewhat “easy” to implement. Six teachers (27%) 

said the PD was “practical” and “very easy to adapt” into their teaching. The PD passed one 

teacher’s benchmark of “can I turn around and use this in my classroom? Yeah, I could. So it 

was really good.” Another teacher said “we’re always looking for PD classes, but not all of them 

are very valuable, or we can actually use in the classroom, and I think that [is why] this is one of 

the best PDs ever.”  

 Sixteen teachers (of 22, 72%) talked about how having quality lessons in-hand enhanced 

their implementation. One teacher said the reason he continued to implement activities from the 

PD was that “the TSI activities were excellent….the way they were designed is excellent.” 

Another particularly appreciated that the resources provided were more than disconnected 

lessons—“It’s not a crutch, it’s actually a curriculum.” Six of the teachers specifically mentioned 

their continued use of the physical PD binders, which were comprehensive and included both 

teacher and student materials and information about the PD pedagogy.  

 The importance of supplies to continued classroom implementation was mentioned by 13 

of the teachers (59%). For example, a high-school teacher said, 
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Previously, before this, it [my practice] was more lecture-based. I didn’t have the 

resources to come up with more hands-on, or lab activities. Especially since I teach the 

special education population, they really thrive from those experiences, and can 

understand concepts more when they do it hands-on. So, that was one of the main reasons 

I wanted to take this course, and then [why] I continue to implement what I’ve learned 

from it.  

Two of the teachers said that the low cost of the supplies allowed them to keep implementing the 

activities (some of the supplies we provided were consumable). However, supplies were also 

cited as a limitation for seven teachers (32%). Two of these teachers said this was due to the size 

of their classes; four explained that while the supplies given to them in the PD allowed them to 

do the activities, even though the cost of replacing consumables was low, it was still significant.  

For the one [activity] with the LED bulbs, I know those all eventually burned out within 

like a year… And I never replaced those. Even getting Elodea [an algae]—I was trying a 

lot not to pay out-of-pocket so much.  

Three of the teachers said it was the time required to prepare the supplies for an activity, rather 

than the supplies themselves, that hindered their implementation of some of the PD activities. 

The other resource limitation reported by the teachers was their classroom space (5 out of 22 

teachers, 23%). For example, one teacher did not do any water activities with their students one 

year as they had been temporarily moved into the school library.  

Importance of Class Alignment. 

 Content Alignment. More than half of the teachers (12, 55%) reported drawing and 

teaching mainly from the aquatic science discipline unit(s) from the PD that aligned to their 

class(es). For example, “with 6th grade, it’s a lot of physical science, [so] the most that I used 
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was lessons from the physical or chemical units rather than the biological or ecological content.” 

Similarly, a 7th grade life science teacher said, 

Two of the modules, the chemical and physical, I couldn’t find a way to tie those 

activities in real smoothly into life science. And then the ecological unit, I don’t know 

why, but I always run out of time for my ecological—anything to do with ecosystems I 

always end up behind.  

This makes intuitive sense, as one teacher said, “the topics that were applicable to what we were 

teaching I used a lot.” However, it meant that activities that were not on topic were not 

implemented, and those that were only tangentially related became “extra,” and thus over time 

were dropped from the curriculum. We knew this when designing the PD—having a variety of 

grade levels and disciplines in one course would likely result in long-term implementation of 

only the activities most relevant to their own disciplines. The goal of the PD was that the 

teachers would learn a variety of content, but only some of that would be directly applicable to 

their discipline. We hoped the teachers would come away with a greater understanding of cross-

disciplinary connections and, as appropriate, make these connections explicit for their students. 

Only two of the teachers voiced frustration with going through a year-long PD where they only 

applied a portion of the material in their teaching.  

There were some [activities] that I couldn’t ever use in my classroom. I mean I enjoyed 

doing it…but like the one about the fish—there’s no way I could use that….I liked doing 

it, it was still fun. Just in the sense of me using it in the classroom, it just wasn’t 

applicable. 

–8th grade earth science teacher   
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In contrast, the three marine science teachers who participated in the follow-up study said 

they used wide swaths of the PD material as it directly related to their content. Six additional 

teachers also reported using surprisingly large chunks of the content. Five of these were middle-

school teachers, the sixth was the sole elementary teacher who taught 5th grade. She continued to 

implement activities from all of the aquatic science disciplines addressed in the PD. 

I used all of the content, all of the modules, and that I think is because I’m an elementary 

teacher. I’m not pigeon-holed into just teaching chemistry, right?…It wasn’t like they 

[the students] were switching classes at the end of a period...I didn’t have so much with 

time constraints.  

Four of the teachers described minor modifications they made to the lessons to align better with 

their classroom content and objectives. For example, in the PD we modeled a sampling activity 

as a way to characterize the abundance of different organisms in an area. An 8th grade earth and 

space science teacher explained how he modified this activity to be aligned with stars and space,  

Instead of calling the different things organisms I might call them different frequencies of 

the electromagnetic spectrum that we’re detecting, or different star colors, or different 

objects we see in space...But other than that, it’s [the lessons]—they’re pretty well laid 

out. So, I really don’t have to change that much.  

Science Standards. Between the end of the PD and the follow-up study interview, the 

NGSS were being rolled out in Hawai‘i. This meant that the science teachers in the State were 

operating in a bit of a grey area, they were being encouraged to use the NGSS but their students 

were still being tested on older standards. Some schools encouraged implementation of the 

NGSS early in the rollout while others waited until the year the assessment reflected the new 

standards to switch. Thus, it is not surprising that only two of the teachers mentioned the NGSS 
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specifically, a 7th grade life science teacher who felt the PD material was not aligned to NGSS, 

and a 6/7th grade teacher who thought that it was. Two of the middle-school teachers reported 

more generally that, 

After TSI there just seemed to be a whole lot of other things happening in education in 

general. I got bogged down by other state initiatives—and then TSI kind of just fell to the 

back burner.  

However, two of the other middle-school teachers, as well as a high-school teacher, 

talked about how the PD helped them tie lessons and topics together for themselves and their 

students, and “complete the picture.” One of the middle-school teachers liked how the PD 

lessons “incorporate so much stuff into this one nice, neat package that can be taken and can 

apply to multiple disciplines, and, within science, multiple standards.” The other middle-school 

teacher spoke of how the PD’s pedagogy helped him align the mandate to teach certain standards 

with his own teaching philosophy, 

My training as a scientist had me wanting students to investigate authentic problem 

solving, and documenting the problems they’re solving, and trying to tell a story with the 

data. That’s me as a scientist. When I stepped into teaching, teaching science as far as it 

was being communicated to me was all about the state science standards, and making 

sure students came away from the classroom understanding those standards. I would say 

TSI’s value for me was finding a marriage between the two. Students can leave the 

classroom understanding the knowledge they’re supposed to. But along the way they can 

also go through these extremely valuable thinking processes and actually exercise real 

science, and still leave the classroom knowing those standards that they’re supposed to. I 
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think it helped me plan for that authentic thought process, instead of just planning for an 

accumulation of random science facts.   

Pacing Guides, Testing, and Time. Ten of the teachers (45%), cited the overall lack of 

class time as a limitation to PD implementation. A marine science teacher said, “some of the 

really cool labs actually I don’t get to teach because of time-wise in the classroom.” Many of the 

teachers’ time limitations were due to school-mandated pacing guides. 

We have this curriculum map that we’re all supposed to follow, so at a certain time of 

whatever month or year it is, I’m supposed to be doing everything—covering this topic 

with this assessment, and I have to, I have to be locked into that.  

This was particularly true for the teachers who taught classes where there was state-mandated 

science testing—such as in 8th grade (earth and space science, at the time of this study) and in 

high school biology. The lone high-school biology teacher in this follow-up study said that the 

end-of-course exams were stressful for teachers and that, due to this testing, “biology curriculum 

in Hawai‘i is pretty narrow, it’s pretty straightforward. We don’t have a whole lot of room—

wiggle room, on what we have to cover.”   

Time and testing limitations led all but one of the 10 teachers who reported that a lack of 

class time limited implementation to pick and choose lessons to cover the content they needed to 

hit, or to modify lessons to fit within their time parameters. However, there was a distinct break 

in attitude between the teachers who were resigned to abiding by the constraints of the system (5 

of the 10 teachers), and those who considered this adjustment normal and were rather proud of 

their adaptations and ability to bend the system (5 of the 10 teachers).  

Recognition, Resistance, and the Importance of Community. Six teachers (27%) 

described supportive administration or being the recipients of other external validation. One of 

153



 

 

these received a prestigious science teaching award; she attributed her teaching success in part to 

her implementation of PD pedagogy and curriculum. She subsequently led a workshop on her 

application of PD pedagogy. Another teacher was also asked to lead a workshop based on her 

implementation of PD material. Two teachers attributed their promotion to department heads as a 

result of their participation in the PD. One teacher, who taught in a different state after the PD 

ended yet, at the time of the follow up study, was returning to the same school where she had 

taught during the PD, said that when she interviewed to come back, “the director asked me 

‘would you be willing to be teaching some of that.’ She didn’t know exactly what it was, but she 

remembered it.” Another teacher said that he used one of the PD activities as a model lesson 

when applying for a job at a progressive school in another state, “they loved it, they hired me. 

So, I would say it [the PD] has a lot to do with my professional growth.”  

 Implementing PD content led to productive conversations with administrators for two 

teachers that resulted in a more supportive environment. A teacher was asked by her 

administrator why she was implementing some activities, such as a beach excursion, in her 

physical science class. The teacher was able to explain how she was using non-traditional 

activities to make connections between the natural environment and the physical aspects of 

science. Another teacher, who was struggling with adapting her school’s grading system to the 

more project-based learning espoused in the PD, convinced her administration to accept a more 

open grading system so students could get credit for “their ability to understand and participate 

and share what they learned with their peers” rather being boxed in with a traditional “right or 

wrong” points-system of grading. This teacher explained that the way administration at her 

school ended up seeing it, “the kids are learning and they’re doing well, and the standardized 

testing was good,” so they had no complaints.  
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 Six teachers (of 22, 27%) expressed frustration with administration. While not overtly 

unsupportive of their use of PD pedagogy or curriculum, the teachers attributed some of their 

lack of use to administration decisions. Three teachers were frustrated with the lack of time they 

had for planning and implementation, in part due to “stupid meetings” that were a “waste of 

time.” A high-school teacher with 10 years of experience said that this lack of time due to 

administrative burdens, conflated with his own frustration with the system, had resulted in less 

implementation of activities from this PD as well as other classroom innovations. 

I just don’t have the time to devote to overcoming the amount of time that they 

[administration] take away from our teaching. If I were younger, more motivated, I could, 

you know. I could deal with that. I could overcome it. And I try to, but mostly it’s the 

lack of time, because it’s sucked up by administration burdening us with useless tasks 

that have nothing to do with education.  

Four teachers had changed grades and disciplines, and sometimes schools, each year since the 

PD—although only two said that this was a hindrance to implementation. One teacher, who 

ironically had been promoted to department head, said that while he really “liked the idea of [the 

scientific process] not being linear” and using the TSI inquiry cycle and phases to teach this 

concept, that his students and peers were ingrained in the “linear ways” of “observation-ask a 

question-form a hypothesis.”  

So, when I tried to change those words and go, well you’re in this inquiry phase, and 

you’re this da-da-da—that was a struggle for them [his students], just cognitively. They 

got it, but it was kind of just me, I was the only one doing it. When I asked them about it 

later, they’re like, yeah, our [other] teachers didn’t want us to know that.  
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However, this same teacher said he heavily promoted the PD material with his department, and 

ended up using the inquiry phases “sneakily” in his teaching—relaying their concepts but not 

using TSI terminology. He summarized his conflict between having agency in his classroom and 

his role as a teacher leader and department head as “when I veer, it doesn’t look good.” An 

additional three teachers who moved into supervisory or administration roles after the PD talked 

explicitly about promoting pedagogy they had learned in the PD with their teachers—without 

pushback.  

Unexpectedly, five teachers (23%) said the PD itself fostered a supportive teacher 

learning community,  

I met some really good teachers through TSI. Some of the members who were from other 

schools, who I would never have had a reason to meet otherwise—I keep seeing them 

again at other PDs and at other places, and the conversations are always good, and the 

exchanges are always useful.  

Another teacher reiterated how the PD “built our own capacity within. So, it didn’t just stop in 

the classroom. That collaboration continued—it’s a true testament what type of community you 

guys established.” Three of these teachers wanted additional PD follow-ups, not to necessarily 

learn “new stuff,” but to re-connect with peers and continue the conversation, “being able to talk 

with people—like ‘how’s it going?’ ‘are you doing this again this year?’…‘do we need help with 

anything?’ And then sharing what did we do.”  

Interactions Between Personal and Behavioral Factors 

Importance of Practice. Ten teachers (45%) said that engaging in the curriculum 

activities as students in the workshop was key to their continued implementation of PD material. 

One teacher said, “because I had practice doing them, I knew how to do it. That was really 
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helpful. Rather than make something up and figure it out on your own, I already had the 

experience of doing them.” Due to this practice, the teachers also said they had a better 

understanding of how to modify the activities for their students if needed, how to mitigate any 

potential problems, and how to incorporate them into their instruction. Having experienced the 

PD lessons as students, and then having to implement the lessons in their classes during the PD, 

meant the activities had a longer life in the teachers’ practices.  

I think the reason it has lived on in my practice is going through the activities myself as a 

teacher, but also kind of—putting on the shoes and the thinking cap of a student as we 

went through those activities—that was really helpful for me. And it helped me realize 

the intrinsic value of going through the thought process of real science. And, being able 

to take those tangible activities back to my classroom, practice them, and see the success, 

that’s the reason I’m still using them today.  

Two of the teachers reported that this in-person PD preparation directly enhanced their 

confidence, for example: 

Before I really used to depend on the teacher guides, the textbook one that had the 

answers in it. I used to have that always at hand in case—like when we went over 

questions, so that I could refer to it to make sure we were on the right track. But when I 

had done the activities, then I knew what they were supposed to get. Does that make 

sense...? ’Cause sometimes the [book] questions were a little bit vague. You know, it’s 

like ‘ok, this is what the book says you should have put down,’ so I’d tell the students 

that. But I think after actually doing the activities all by myself or discussing them with 

the other teachers too it helped me to just be more sure of what I expected the students to 

get out of, and that usually would match what the book would say. And sometimes we 
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would go even beyond that and have more information that the students could come up 

with that would also still answer the question correctly. Whereas before I didn’t really 

know for sure ‘oh is that an ok answer?’ ’cause it’s different than what’s in the book.  

Sharing PD Pedagogy and Curriculum. Seven teachers (32%) shared the PD pedagogy 

and/or curriculum with others. Five teachers shared with other teachers in their school. For 

example,  

I don’t know if I’m supposed to tell you this, but I photocopy stuff out of that [PD] 

notebook and give it to other teachers because they walk by my room and they see my 

kids engaged.  

Three teachers shared with other teachers outside of their school at workshops. One did a 

leadership symposium on middle school achievement in science, 

 I used your [TSI] concepts, your pedagogy, your modes and your phases of inquiry in 

my classes, and so that was the very first thing I thought about that I wanted to share with 

the teachers that helped me to be a successful science teacher…Because I just think that it 

was a huge ‘aha’ for me, how science isn’t linear, and I really wanted to share that.  

The two teachers who were promoted into administrative positions also used knowledge they had 

gained from the PD in their new roles,  

One of the things I do is go and do walk-throughs and observations of teachers and then 

have conversations with those teachers about how things went, you know, reflective 

conversations on how they can improve. And so, I usually try, especially with science 

teachers—other teachers too—but especially science teachers, to try to talk to them about 

the power of teaching through inquiry and designing their labs and lessons that way.   

Behavioral Factors—Changes in Teaching Practice 
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All of the teachers who were interviewed, but one, reported changes in their teaching 

behavior as a result of the PD (21 out of 22 teachers, 95%). Table 4.19 lists the teaching changes 

self-reported by the teachers at the follow-up interview. This table also includes the percent of 

the teachers who reported these pedagogical concepts as being significant for them (from Table 

4.20). Thus, the table allows comparisons between self-reported effects of the PD on the 

teachers’ thinking (in the right column of Table 4.19, personal factors) and changes to their 

teaching practice (in the left column of Table 4.19, behavioral factors). Self-reported behavioral 

changes were either (a) in line with pedagogy the teachers thought was significant, (b) 

implemented more often than expected based on the number of the teachers that reported them as 

personally significant, or (c) implemented less than expected. An example of a behavioral 

change that aligned with personal significance was the importance of metacognition. Seven out 

of 22 teachers (32%) shared that they had changed their practice to incorporate the explicit 

teaching of metacognition; eight out of 22 teachers (36%) had shared that this concept was 

significant to them. Other concepts that showed alignment between these behavioral and 

personal factors were that there are many different ways to do science (~30% of teachers), 

teacher-as-research-director (~30% of teachers), having student think like a scientist (~19% of 

teachers), and questioning strategies (~10% of teachers). 

The teachers who reported applying the concepts of the teacher-as-research-director and 

metacognition with their students said they had changed their teaching practice to be more 

student-centered and student-driven, less lecture-based, and more collaborative—with more 

group work and peer-to-peer discussions. One teacher described this as having students “share 

what they’re learning as they’re learning it.” Two teachers used the idea of metacognition, of 

“thinking about thinking,” more generally with their students, but six teachers specifically taught 
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their students this concept as a way for them to be more reflective. For example, one teacher 

used the concept of metacognition “to get kids to be more thoughtful, and more contemplative 

about—have I just settled? Or should I go back and rethink this step?” Four teachers used the 

TSI inquiry phase diagram with their students to demonstrate and reflect on the scientific 

process. One teacher said she used the diagrams during group activities to “talk about what they 

did as a group” and that “it was a good checkpoint” for her to see what they were doing and 

where they were as she circled around the room.  

Thirteen teachers (59%) reported that the PD had changed the way they initiated 

activities or established norms in their classroom (Table 4.19). This is in contrast to just three 

teachers (14%) who said the concept of initiation was significant to them personally (Table 

4.18). Initiation is one of the TSI phases, it represents the importance of not just “hooking” 

students, but getting them invested in the activity by making it relevant—of having them ask, 

and understand, “why?” Six of the teachers (27%) said initiation had changed the way they 

started activities. They reported “not giving everything away right at first” and approaching their 

lesson planning differently. “I go back to TSI and I ask questions like, ‘what would be a good 

way to start a class, a new class?’” Three teachers adjusted their teaching to avoid front-loading 

as much information, and another reported learning the importance of accessing prior 

knowledge.  

A lot of times, I think as teachers, we just give our students the lab, say ‘here you go, just 

do it.’ Well there’s no way you’ll learn. Instead of, ‘what do you think is going to happen 

first, give us your prediction, give us your hypothesis,’ which helps them to understand 

more of the content. I think a lot of times when we just say just do it and tell us what you 
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learned, we really don’t know what they learned because we don’t know what they knew 

before.  

Seven of the teachers (32%) talked about how they used the PD activities to initiate their class at 

the start of the academic year. The activities the teachers reported using were all, but one, 

practices of science activities the teachers used to set up classroom norms and habits. This 

included activities about what a scientist looks and acts like, scientific language (e.g., the 

difference between opinion, hypothesis, theory, and law), and an activity (the modes of learning) 

that explicates that science can be done in many different ways.  

I really liked the scientific modes of learning...I’ve used it [the activity] a lot, especially 

with 6th graders, because they really don’t think scientifically. Like, do they learn any 

science at all in elementary school? I don’t know. A lot of the kids I get in 6th grade seem 

to have had zero, zero input in scientific thinking before that. So, it’s really powerful with 

them. It’s one of the activities I do in August right away...And I have some posters up in 

the classrooms, so we’re able to keep coming back to it as they tackle some new topic. 

Maybe they’re getting ready for thinking about a science fair project. ‘Ok, so, are you 

really using all your modes of thinking?’ That works pretty well.  

Two teachers who taught earth and space science started off their 8th grade classes with an 

activity that used floating and sinking soda cans to explore the concept of density. This was a 

concrete activity to introduce a concept that related to core ideas in earth science that the students 

would keep revisiting over the course of the year—like convection currents in the core of the 

Earth, in the ocean, and in the atmosphere.  
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Table 4.19 

Follow-up Interview Self-reported Teaching Changes  

Self-perceived 

teaching change 

No. of 

teachers 

Example quote(s) a No. of teachers 

who said concept 

was sig. for them 

(Table 4.18) 

The scientific process 

is not linear         

(TSI phases; 

inquiry cycle) 

6  

(27%) 

 

“When I tried to make it, the 5 I’s, they [the students] kind 

of freaked, but when I started to just say ‘ohh. You’re 

doing inquiry overall, you know, you’re investigating 

here [emphasis added]’. And I started to use those [TSI] 

words...I put them in where they fit, and that seemed to 

work better. So, I liked that method/strategy. It actually 

helps me too, to realize that I needed to give my kids the 

chance to stop and revise their work, and revise the lab.” 

  

12 

(55%) 

The importance of 

metacognition/ 

being reflective 

(with students) 

7 

(32%) 

“I do have students mapping their thought processes after 

the activity…Because there’s something to be said about 

students being cognizant of their metacognition, and I 

think that’s something that students aren’t necessarily 

exposed to ever. And it’s a new and interesting 

challenge for them.”  

 

“I think when we make them [students] more aware, just 

like teachers, they caught the intent. It helped them to be 

more accountable.”  

8  

(36%) 

 

There are lots of 

different ways to 

do science        

(TSI modes) 

6 

(27%) 
 

“[The modes] provide multiple ways of addressing a 

problem or looking at problems so they [the students] 

have the ability to explore the subject, rather than just 

memorize.”  

 

7  

(32%) 

 

Teacher-as- research-

director; student-

centered learning 

7 

 (32%) 

 

“The way that I allowed my students to explore and 

investigate labs, I kind of tried to take a step back and 

not instruct or influence them as much, and just let them 

investigate and have them come up with their own 

conclusions, or what they’re learning from it.”   

 

“I don’t always have to script, you know, ‘follow these 

directions and what do you come to’ kind of thing…. 

but they [the students] were coming up with their own 

ideas and experimenting.” 

  

6  

(27%) 
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Self-perceived 

teaching change 

No. of 

teachers 

Example quote(s) a No. of teachers 

who said concept 

was sig. for them 

(Table 4.18) 

    

Having students think 

like a scientist 

(scientific 

demeanors) 

5  

(23%) 

 

“They [the students] put their science cap on, and they 

went out into the field, and they practiced science and 

then had to make a hypothesis and judgment and all 

those other things... They were things they couldn’t 

necessarily Google the information for, you know?”  
 

“I think it [the PD] helped me plan for that authentic 

thought process, instead of just planning for an 

accumulation of random science facts.” 

  

3 

(14%) 

Questioning 

strategies 

2  

(10%) 

 

“…the idea of the—the facilitating questioning that I felt I 

got such good training in this PD, it kind of has carried 

through in my teaching, and not just science but just 

asking better questions of my students that kind of takes 

them further into the content and into their thinking, 

explaining why, or—improving the classroom discourse. 

It certainly helped me as I’ve made lesson plans or even 

as I’ve used more scripted lesson plans, it’s allowed 

me—it just made me start thinking about asking better 

questions and kind of guiding the students along in what 

I was teaching them…I think it’s kind of broadened my 

facilitating abilities.”  

 

3 

(14%) 

Importance of 

initiation (one of 

the TSI phases) 

13  

(59%) 

Initiation/start of year (7 teachers): “I use a lot of those 

activities that we did in the first module, sort of at the 

beginning of the year...to sort of lay the foundation of 

what does a scientist look like, and what are the 

practices of science and the laws of science and the 

theory. I...talk about science as being a process and the 

times you learn the most is if you fail and you have to 

go back and refigure and try again. So I use a lot of 

those base activities to set myself up for the rest of the 

year and lay out my expectation of the students in 

science.”  

 

Initiation of activities (6 teachers): “So I tend to try and let 

them [the students} discover a lot more on their own 

before just giving straight out information to them, so I 

think that since participating in the TSI PD, that that’s 

changed kind of the way that I approach those 

activities.”  

 

3 

(14%) 

 

Note. N = 22 teachers. 
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Of the 12 teachers who found the concept that the scientific process was not linear 

personally significant, only half (6 of 12, 50%) talked explicitly about implementing this idea 

with their students. This may be because the concept of the scientific process being nonlinear 

was more important to the teachers’ understanding and planning than a concept they thought 

needed to be explicated to students.  

Of the 21 teachers who said the PD changed their teaching practice, two mentioned five 

of the teaching changes listed in Table 4.19, and one mentioned four changes in their practice. 

The rest of the teachers described one change to their practice (9 teachers, 42%), and 2–3 

changes (9 teachers, 43%).  

Almost half of the teachers (10 out of 22, 45%) said that one of the biggest changes to 

their teaching practice was in how they planned lessons. There was a lot of overlap in this 

category with the teachers who said the PD caused them to be more reflective and 

metacognitive—purposeful reflection caused the teachers to change their lesson plans. Some of 

the teachers reported that they were overall more organized and intentional with regard to student 

learning objectives and making clear to students “what we’re teaching and why we’re teaching 

it.” One teacher reported that the PD made her “start thinking about asking better questions and 

kind of guiding the students along in what I was teaching them,” while another said “weak 

lessons were really picked up by re-thinking the thinking behind how I was teaching 

it...overlying practices, modes of thinking elements started to be something I pulled into every 

lesson.” Overall, the teachers reported that they were less rigid in what they expected of their 

students.  

[The PD] affected me as a teacher just in terms of how we do things through the year. It 

just opened my mind to different ways of teaching science, that it’s not all about 
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experimenting. Doesn’t follow the scientific method. ’Cause that is what I was teaching 

the kids before TSI class. Like I would always be like...‘I want to teach this but how do I 

make a lab out of it?’ And how do I have to make the kids a hypothesis, and then they 

have to have control of the variables… whereas after TSI, I’d realized ‘oh, there’s other 

ways of doing science.’ Like, it doesn’t always have to have a hypothesis. It doesn’t 

always have to have a controlled experiment. Maybe it just is collecting data. Maybe it’s 

just analyzing data. 

When talking about changes in their teaching practices, 10 (45%) of the teachers 

described changes that were modest. A few teachers addressed this subtle change in their 

teaching directly, for example one teacher said the PD “didn’t really change it [my teaching] so 

much as added to it and enhanced some stuff.” For other teachers, I inferred that there were 

modest changes to their teaching practice based on their descriptions of changes in their practice. 

For example, a teacher said, “I think [my teaching practice] has changed. Maybe not completely 

changed, but it’s changed my approach.…I tend to try and let them [the students] discover a lot 

more on their own before just giving straight out information to them.” Conversely, 11 teachers 

(50%) described substantial changes to their practice. Some of these teachers took a great deal of 

pride in accomplishments they attributed directly to the PD.  

I kind of wished they [the facilitators] could come to the class and see 5th graders doing 

the lessons and then sitting down and doing charts and thinking about their thinking. It 

really was kind of profound. We’re doing a lot of science [emphasis added].  

One teacher reported that her teaching practice did not change at all since the PD—not even in 

subtle ways. Of the seven high-school teachers, five described changes in their teaching practice 

as modest (72%), and two as substantial (29%). Of the 16 middle-school teachers, five described 

165



 

 

modest changes in their teaching practice as a result of the PD (21%) and nine described more 

substantial changes (56%). More of the middle-school teachers than the high-school teachers 

described substantive changes in their teaching practice as a result of the PD. There was no 

discernable difference in experience of the teachers between these two categories.  

 Although almost all of the teachers reported that the PD had changed their teaching 

practice, they also reported that their implementation of specific PD activities and practices had 

decreased over time. One teacher shared how this decline in implementation occurred. 

I didn’t keep up with it as much as I had hoped…only because I think as time has gone 

by I’ve used less and less of it. And this year, I’d have to say I hardly—I didn’t even use 

the modes activity, so, it’s kind of dwindled over the years. I think like with a lot of other 

professional development, if it’s not followed-up on, I think it doesn’t stick. Or if it does, 

it’s not easily applied or it doesn’t fit super smoothly into what you’re already doing. And 

I think that was a big hindrance. 

Implementation of Specific PD Activities. Although the teachers were not asked nor 

prompted about specific PD activities, during the course of the follow-up interviews 95% of the 

teachers (21 out of 22) talked about implementing specific activities in their classrooms after the 

PD (Table 4.20). Out of 31 activities in the PD, the teachers mentioned 27 (87%) of them. 

Activities from the chemical aquatic science module were mentioned the most frequently (64% 

of teachers), followed by those in the physical aquatic science module (50%), practices of 

science activities (45%, interspersed throughout the PD modules), the biological aquatic science 

module (41%), and lastly the ecological aquatic science module (36%).  
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Table 4.20 

Frequency of PD Activities Mentioned by the Teachers in the Follow-up Interview  

Activity Teachers who 

mentioned 

Frequency rank  

of activity 

n % 

Practices of science total 10 45  

Draw a scientist, scientific demeanors &            

practices of scientists 

6 27 2 

Modes of inquiry 5 23 5 

Scientific language 3 14 8 

Physical aquatic science total 11 50  

Density activity(s) 

Soda can (5 teachers) 

Density bags (3 teachers) 

Other (4 teachers) 

8 36 1 

Phases of the moon 3 14 8 

Other (3 activities) 3 14  

Chemical aquatic science total 14 64  

Water properties 6 27 2 

Electrolysis 5 23 5 

Conductivity 3 14 8 

Other (4 activities) 5 23  

Biological aquatic science total 9 41  

Microevolution 5 23 3 

Fish printing 3 14 8 

Other (3 activities) 3 14  

Ecological aquatic science total 8 36  

Transect/quadrat sampling 6 27 5 

Other (2 activities) 3 14  

 

Note. N = 22 teachers. 
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In Summary—Results of Research Question 2 

The teachers had a very positive perception of the PD and noted many of the features that 

made it high-quality according to the PD literature; they appreciated its extended duration, expert 

facilitation and modeling of activities, and the opportunities to implement and then reflect with 

colleagues. Almost all of the teachers reported that the PD had changed their teaching practice on 

some level; the changes described aligned to the TSI pedagogical framework. About half of the 

teachers reported transferring the skills and abilities they had gained in the PD to new situations. 

Most of the teachers reported gains in both content and pedagogical knowledge, but half of the 

teachers noted that this knowledge was eroding over time. All but six of the teachers said the PD 

either affirmed their teaching philosophy and/or enhanced their confidence in teaching science. 

The teachers modified activities in response to the grade level and perceived abilities of their 

students. The reasons the teachers continued to implement PD activities were (a) their 

perceptions of student engagement and learning, (b) because they had the supplies and 

curriculum, and (c) because they were familiar with the activities, having experienced them as 

students in the PD. The lack of class time was the most commonly cited reason for not 

implementing PD materials. A quantitative summary of these results, using themes derived from 

Bandura’s Theory of Reciprocal Determination, is in Table 4.21. Figure 4.15 is a synthesis of the 

dominant findings from the interviews and emphasizes the relationships between the personal, 

behavioral, and environmental factors that affected the teachers’ implementation of PD pedagogy 

and activities.  
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Table 4.21 

Quantitative Summary of Interview Results Using Themes Derived from Bandura’s Theory of 

Reciprocal Determination 

Major themes Subthemes Teachers who mentioned 

n % 

Factors 

Environmental Various indicators of quality PD a 18 82 

Personal Gained pedagogical knowledge a 19 86 

Gained content knowledge 14 64 

Forgetting PD principles, terminology, and/or content 11 50 

Behavioral Teaching behavior changed due to PD a 21 95 

Modest teaching changes 10 45 

Substantial teaching changes b 11 50 

Interactions 

Personal – 

Behavioral

PD modeled activities, which enhanced confidence and 

therefore implementation 

10 45 

Shared PD activities/pedagogy with others 7 32 

Environmental – 

Personal 

Evidence of transfer to new classes 11 50 

PD affirmed teaching philosophy 11 50 

Adapted the lessons to align to students’ abilities 9 41 

PD enhanced confidence 7 32 

PD was invigoration 3 14 

Reverted to pre-PD teaching style 3 14 

Environmental – 

Behavioral 

Reported enhanced student engagement and/or learning 18 82 

Implemented activities due to quality curriculum 16 72 

Taught the activities from PD discipline module that 

aligned to their class(es) 

12 55 

Lack of time as limiting factor 10 45 

PD fostered supportive teacher community 5 23 

Issues with classroom space as limiting factor 5 23 

Supplies: Had supplies 13 59 

Lack of supplies as limiting factor 7 32 

External validation: Recipients of  6 27 

   Experienced frustration 6 27 

Standards: PD aligned to  3 14 

PD not aligned to 3 14 

a These subthemes have their own results tables.  

b More middle-school than high-school teachers described substantial changes in teaching practice 
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Figure 4.15 

Synthesis of Interview Findings Overlaid on Bandura’s Theory of Reciprocal Determination 

 

Note. N = 22. The grey boxes represent the factors in Bandura’s Theory of Reciprocal Determination. The clear 

boxes align to the quantitative constructs measured. Arrows indicate interactions. Bolded subthemes were reported 

by more than half of the teachers interviewed.  

 

Mixed Methods Analysis—Research Question 3 

This section describes the findings of the merging of the quantitative and qualitative data 

in a convergent mixed methods analysis. Recall that examination of the scatterplots of each 

quantitative assessment showed no clear patterns in teacher grouping, with the exception of the 

content knowledge assessment, where the separation of the teachers into two groups could be 

explained in part by the difference in scores between the middle- and high-school teachers. The 

difference between pre- and post-PD scores and post-PD and follow-up scores were significantly 
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negatively correlated for all the instruments that showed pre- to post- PD gains. This means that, 

overall, the more teachers’ scores rose over the course of the PD on an instrument, the more their 

scores had declined by the follow-up.  

During the interviews participants were asked two questions about their application and 

implementation of PD practices. I first describe the findings of the item-level analyses and then 

share the estimate of the correlation between these item-level responses and scores on the 

quantitative instruments at the follow-up time point. I also present the result of independent t-

tests examining the relationship between these self-reported behaviors and the teachers’ grade 

levels.  

 I then further examined the dichotomous characterization of the teachers’ descriptions of 

their extent of teaching change as a result of the PD (modest vs. substantial) from the interviews. 

I compared the two groups’ quantitative instrument scores and their self-reported behaviors using 

independent-samples t-tests. Then I constructed two joint display tables, one of which is 

structured around the teachers’ descriptions of the extent of their teaching change, the other of 

which is structured by the teachers’ self-reports of their implementation of PD activities. I end 

this chapter with a graphical overview of my synthesis of the mixed methods results.   

Self-reported Levels of PD Behaviors 

 During the interviews the teachers were asked to verbally answer one Likert-type scale 

question and one forced-choice question with ordered categorical responses about the extent to 

which they had applied what they learned in the PD to their teaching practice and how much they 

had implemented PD activities. For the question on the teachers’ application of PD practices to 

their teaching, the response scale used by the teachers included over five distinct points (the 

teachers were offered a 7-point Likert-type scale), so I conducted my analysis assuming that the 
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scores were on an interval (rather than an ordinal-level) scale (Rhemtulla et al., 2012). The mean 

score was 5.5, which is much closer to the response category seven (“very much” applied what 

had learned in the PD) than response category one (applied PD learning to practice “not at all”). 

The teacher’s responses ranged from 2.5 to 7; the interviewer accepted teachers’ responses that 

were between two scale points. Table 4.22 presents the descriptive statistics derived from these 

questions and Figure 4.16 represents the teachers’ PD application scores as a histogram.  

Table 4.22 

Descriptive Statistics of the Likert-Scale Interview Questions 

Interview question Nteacher
 a M  SD seM Min Max 

Applied PD practices to teaching b  22 5.45 1.15 .25 2.5 7 

Implemented PD activities c 21 2.09 0.93 .20 1 3 
 

a One teacher did not answer how much they implemented activities. b Response categories ranged from 1 (not at all) 

to 7 (very much). c Response categories ranged from 0 (none) to 3 (a lot). 

 

Figure 4.16 

Histogram of Extent of Application of PD Practices to Teaching  

 
Note. N = 22. Response categories ranged from 1 (not at all) to 7 (very much).  
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There were four response choices for the teachers to choose from when they were asked 

how much they implemented PD activities: “none,” “a few,” “several,” and “a lot.” These 

categories were coded on a scale of 0–3, with zero representing no implementation of PD 

activities and three representing “a lot” of implementation of PD activities. Descriptive statistics 

for this question are in Table 4.23. One teacher did not answer this question (21 of 22 did, 95%). 

The mean score was 2.2, which corresponds to the category indicating the teachers had 

implemented “several” PD activities. Figure 4.17 illustrates these responses in a histogram.  

Figure 4.17 

Histogram of Implementation of PD Activities  

 
Note. N = 21 

 

 The teachers’ self-perceived application of PD practices to their teaching followed a 

positively skewed normal distribution, which shows that of the 21 teachers who said they 

implemented PD activities 43% (9 teachers) said they implemented them “a lot.” The 

relationship (using z-scores) between the teacher’s self-perceived application of PD practices to 
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their teaching practice and their implementation of PD activities is, unsurprisingly, statistically 

significant, r(21) = .79, p < .001 (one-tailed).  

Pearson correlations were calculated between instruments’ z-scores at the follow-up time 

point and the teachers’ self-reported application of PD practices and implementation of PD 

activities (Table 4.23) to explore if there were any relationships between instrument scores and 

self-reported behaviors. Scores on the pedagogical content knowledge assessment and self-

efficacy assessment—but not the Inquiry Teaching Assessment or content knowledge 

assessment—were significantly positively correlated with the teacher’s self-reported 

implementation of PD activities. A statistically significant correlation was also found between 

follow-up scores on the pedagogical content assessment and the teachers’ self-reported 

application of PD practices. Thus, the higher the teachers’ self-efficacy and pedagogical content 

knowledge, the more likely they were to report that they implemented PD activities. Higher 

pedagogical content knowledge scores were also linked to more application of PD practices. 

Content knowledge and inquiry-teaching knowledge scores, as measured by PD assessments, 

were not significantly correlated with self-reported application or implementation of PD 

material.  

Independent-samples t-tests were conducted to explore the relationship between the 

teachers’ self-reported behaviors and the grade band of the teachers. The high-school teachers 

reported that they implemented more PD activities (0.43 standardized units) than the elementary- 

and middle-school teachers, but this difference was not statistically significant (see Table 4.24). 

Similarly, although the high-school teachers reported applying PD principles to their teaching 

more than the elementary and middle-school teachers by a magnitude of 0.78 standardized units, 
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the two groups were not significantly different. Thus, the teachers’ grade bands were 

independent of their self-reported behavior.  

Table 4.23 

Score correlations Between Instruments at the Follow-up Time Point and the Teachers’ 

Application of PD Practices and Implementation of PD Activities  

 

Instrument 

Application  

of PD practices  

(N = 22) 

Implementation  

of PD activities 

(N = 21) 

Inquiry Teaching Assessment .03 .27 

Content knowledge assessment .19 .29 

Pedagogical content knowledge assessment .43* .54** 

Self-efficacy assessment .33 .56** 
 

Note. All correlations conducted on z-scores.  

*p < .05. (one-tailed) **p < .01. (one-tailed) 

 

Table 4.24 

Independent-samples t-Test Results Comparing Grade Level with Self-Reported Implementation 

Self-reported 

behavior 

Middle-school 

teachers (n = 14) 

High-school 

teachers (n = 7) 

Est. SE t(19) p 95% CI Hedges 

g 

M SD M SD       

Implementation 

of PD activities 

-0.14 1.11 0.29 0.73 0.43 0.46 0.93 .365 [-1.41, 

0.54] 

0.41 

 
Middle-school 

teachers (n = 15) 

High-school 

teachers (n = 7) 
Est. SE t(20) p 95% CI 

Hedges 

g 

 M SD M SD       

Application of 

PD principles 

-0.25 1.09 0.53 0.46 0.78 0.43 1.80 .087 [-1.69, 

0.12] 

0.79 

 

Note. N = 22 for application of PD principles and 21 for implementation of PD activities. All scores in z-scores. All 

p-values are two-tailed.  
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In summary, the teachers’ self-reported levels of PD implementation were correlated with 

scores on the self-efficacy and pedagogical content knowledge assessments; self-perceived 

application of PD principles to their teaching practice was correlated with just the pedagogical 

content knowledge assessment. Self-reports of implementation and application were highly 

correlated. Figure 4.18 is a synthesis of these results. 

Figure 4.18 

Synthesis of Self-Reported Behavior Relationships with Personal Constructs 

 

Note. The grey boxes represent two of the corners of Bandura’s Theory of Reciprocal Determination, the personal 

factors measured by the quantitative instruments and the behavioral factors from the interviews. Arrows indicate 

significant relationships.  

 

Teaching Change Relationships 

Independent-samples t-tests were conducted (using z-scores) in order to explore if the 

extent the teachers described the changes in their teaching practice (modest or substantial) in the 

interviews was associated with the quantitative instrument follow-up time point scores or self-
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reported behaviors in the interviews (Table 4.25). Ten teachers described modest changes in their 

practice in the interviews, 11 teachers described more substantial changes. One teacher did not 

provide enough information in their interview to make this distinction. Statistical conclusions 

were determined by applying the Benjamini-Hochberg adjustment. Table 4.25 indicates a 

difference of 0.39 between scores of the teachers who described substantial and modest teaching 

changes at the follow-up time point on the Inquiry Teaching Assessment which was statistically 

significant (p < 0.01). None of the scores at the follow-up time point on the other instruments 

(content knowledge assessment, pedagogical content knowledge assessment, or self-efficacy 

assessment) nor the self-reported behaviors (implementation of PD activities or application of 

PD principles) were significantly associated with the extent of the teachers’ behavioral changes.  

Mixed Method Joint Display Tables 

 The two categories of teaching representing the extent of changes in teaching practice 

described in the interviews, modest and substantial, were compared to self-reported 

environmental factor themes (Table 4.26). The teachers who described more substantial gains in 

their teaching practice all reported gains in confidence and/or affirmation of their teaching 

philosophy as a result of the PD. Most of these teachers also reported evidence of student 

engagement and/or learning as a result of implementation of PD activities or pedagogy. The 

teachers who described more modest changes to their practice also reported gains in student 

learning gains and self-confidence, but to a lesser extent. The teachers’ quotes corroborate these 

thematic categories.  
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Table 4.25 

Independent-samples t-Test Results of Instruments, Self-Reported Knowledge and Behaviors, and 

Extent of Teaching Change  

Instrument Modest 

teaching change 

(n = 10) 

Substantial 

teaching change 

(n = 11) 

Est. SE t(20) p Stat. 

con. a 

95% 

CI 

Hedges 

g 

M SD M SD        

Inquiry 

Teaching 

Assessment  

-0.59 0.79 0.55 0.97 1.14 0.39 2.93 .005 Sig.** 

 

[0.33, 

1.96] 

1.23 

Content 

knowledge 

assessment 

0.45 0.88 -0.31 1.01 0.76 0.42 1.82 .042 Not 

Sig.  

[-1.63, 

0.11] 

0.77 

Pedagogical 

content 

knowledge 

assessment 

-0.37 0.90 0.52 0.90 0.89 0.39 2.26 .018 Not 

Sig. 

[0.07, 

1.71] 

0.95 

Self-efficacy 

assessment 

-0.33 1.19 0.29 0.83 0.62 0.45 1.38 .092 Not 

Sig. 

[-0.32, 

1.55]  

0.59 

Implementation 

of PD 

activities b 

-0.23 1.03 0.37 0.86 0.61 0.42 1.43 .085 Not 

Sig. 

[-0.28, 

1.49] 

0.61 

Application of 

PD principles 

-0.05 1.06 0.28 0.59 0.32 0.37 0.88 .196 Not 

Sig. 

[0.45, 

1.10] 

0.37 

 

Note. N = 21. All scores in z-scores. All instrument scores are from the follow-up time point.   

*p < .05. (one-tailed) **p < .01. (one-tailed)  

Add in Self-reported behaviors above Implementation of PD activities 

a Statistical conclusion after applying Benjamini-Hochberg adjustment b N = 20 for implementation of PD activities  
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Table 4.26 

Influence of Environmental Factors on Changes in Teaching Practices  

Changes in 

teaching 

practice 

% of teachers reporting 

gains in: 

Congruent quotes 

confidence 

and/or 

affirmation 

Student 

engagement 

and/or 

learning 

Substantial  

(n = 11, 52%) 

100% 91% “It gave me a lot more knowledge and confidence in being 

able to teach. And also, the way that I allowed my 

students to explore and investigate. I kind of tried to take a 

step back and not instruct or influence them as much, and 

just let them investigate and have them come up with their 

own conclusions, or what they’re learning from it. So I 

would say, it definitely had a big change on my teaching 

practice.” 
 

“I grew as a teacher tremendously. I think I grew in my 

confidence as an educator. TSI kind of revolutionized the 

way I was thinking about education, and education really 

should be centered on the student, and the student’s 

thoughts, and especially science. Students should be 

allowed to ask and answer their own questions…. I feel 

like it [the PD} has really lived on in my teaching.” 

Modest  

(n = 10, 48%) 

50% 70% “[The PD] kind of affected things, again, not that I was like 

consciously writing it out or anything, but if you looked 

back, like there were subtle differences. Instead of trying 

to be more teacher-led ’cause of time constraints, it was a 

little bit more student-led than perhaps I would have 

done.” 
 

“I think one thing that the PD did for me is that it just opened 

my eyes to teaching science a different way where there’s 

just not in a script, more open-ended, allowing children to 

kind of come up with their own experiments. Not that I 

always do this, I find this hard to do sometimes, but it just 

kind of opened my eyes up to the way that kids learn and 

can build meaning and engage in their learning, and just 

that they can. And that I don’t always have to script, 

’follow these directions and what do you come to’ kind of 

thing. But to get them at a higher critical thinking level, 

which I again, I have trouble—it’s hard. And I still find it 

difficult to allow them to do that.” 

 

Note. N = 21. All scores in z-scores. All instrument scores are from the follow-up time point. 
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In the interview, the teachers were provided with four responses to choose from to 

categorize their implementation of PD activities. None of the teachers indicated “not at all.” Two 

teachers choose responses in between two categories; these teachers were excluded from this 

analysis. The remaining teachers indicated they implemented “a few,” “several,” or “a lot” of the 

PD activities. These self-reported implementation categories were compared to environmental 

factor themes from the interviews (Table 4.27). The teachers who reported implementing more 

PD activities were more likely to attribute gains in their confidence and their students’ learning 

to the PD. The teachers’ quotes corroborate these thematic categories at the lower “a few” and 

upper “a lot” implementation categories. However, some of the responses from the teachers in 

the middle “several” category indicated they were implementing a large number of activities. As 

the categories were not well-defined, they appear to have been interpreted differently by different 

teachers; the teachers may have chosen a scale response based on personality characteristics 

(Harrison, 2020).  

In Summary—Results of Research Question 3 

Figure 4.19 is a synthesis of the mixed methods analyses. In this figure, self-reported 

implementation of PD activities and application of PD pedagogy are represented together as they 

were significantly correlated. Pedagogical content knowledge and self-efficacy are also 

represented together. These measures were combined as at the follow-up time point scores from 

these assessments were significantly correlated. Self-reported interview themes of gains of 

confidence and/or affirmation of teaching philosophy, as well as reports of enhanced student 

engagement and/or learning, are depicted together as they varied similarly when compared to 

implementation measures (Tables 4.26 and 4.27).   
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Table 4.27 

Influence of Environmental Factors on Self-Reported Frequency of Implementation of PD 

Activities  

Frequency of 

implementation 

of PD activities 

% of 

teachers 

% of teachers reporting 

gains in 

Congruent and discrepant quotes 

Confidence 

and/or 

affirmation 

Student 

engagement 

and/or 

learning 

A lot 47 100 100 “I refer back to all the lessons—the things that we’ve 

done and I literally use it all—whatever I can from, 

the PD.”  

 

“It’s really important when our principals and 

administration go through and do a walk-through 

that they see those higher-level questioning 

happening via the teachers. However, it’s not 

limited just to the teachers. It’s also the students. 

They’re observing and making sure that the 

students are asking those higher-level questions. So 

the inquiry component was—I did a lot. I 

implemented a lot. The primary reason is the 

inquiry.” 

Several 26 80 80 Congruent: “The TSI focused quite a bit on water. 

And water in a general chemistry class, a lot of it 

can be used, but a lot of times I have to move on 

from that….And so I’ve cut back in order just to 

cover other content that doesn’t necessarily deal 

with water specifically.” 

 

Discrepant: “I would say [I use] actually a majority of 

the activities that we did during the PD 

course….because I teach marine science.” 

A few 26 20 40 “I’m not too sure why I haven’t used all of them [the 

activities] ’cause thinking back, I think a lot of 

them could kind of fit. Part of it was 

supplies….And I think maybe just more my 

comfort of being able to set up enough equipment 

for all the students. 

 

“The one [activity] that I used every year that I kind of 

continue to use is the bacteria. Actually that really 

is the only one that I’ve continued to use ’cause that 

one fits in very, very easily, its like a super good 

connection with what I was already teaching.” 

 

Note. N = 21. All scores in z-scores. All instrument scores are from the follow-up time point. 
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Figure 4.19 reveals that the environmental factors of self-reported levels of student 

engagement and confidence gains are related to both measures of behavioral change (Likert-type 

scale self-assessments and interview descriptions of teaching changes). Scores on the Inquiry 

Teaching Assessment at the follow-up time point are significantly related to descriptions of 

teaching change, but not self-reported behaviors. Pedagogical content knowledge and self-

efficacy are related to self-reported Likert-scale behaviors but not descriptions of teaching 

change. It is important to note that the two measures of behavioral change are not significantly 

related to each other, and that of the four constructs of personal attributes earmarked for positive 

gains as outcomes for the PD (self-efficacy, pedagogical content knowledge, pedagogical 

knowledge, and content knowledge) only three are related to changes in behavior as coded in this 

study. Content knowledge was not related to any measure of behavior.  

Figure 4.19 

Overview of Mixed Methods Results 

Note. Arrows indicate significant relationships between instruments’ scores and/or interview themes.  
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CHAPTER 5 

DISCUSSION 

If a sustained increase in student learning is the ultimate goal of teacher PD, at the 

classroom level this equates to a sustained change in teachers’ behaviors. However, there is a 

lack of research investigating the long-term effects of PD on teachers’ understandings, beliefs, 

and praxis. The purpose of this study was to determine the durability of pre-to-post PD gains on 

measured constructs as well as the factors that enhanced or hindered 23 teachers’ classroom 

behaviors tied to PD practices 2.5 years after the end of a year-long inquiry-based PD. Earlier 

research on the effects of this PD found significant gains in the teachers’ aquatic science content 

knowledge, pedagogical knowledge, and self-efficacy on post-PD measures. This study’s results 

show that scores on these instruments declined significantly beyond the post-PD time point, 

although they all remained significantly higher than baseline measures. The decline in scores 

over time may support the assertion made in Duncan Seraphin et al. (2017) that gains during this 

PD were due to the PD, and not a result of maturation effects, because when the PD support was 

removed there was a decline in knowledge. Scores on the pedagogical content knowledge 

assessment rose pre- to post-PD, but the gain was not significant; at the follow-up time point 

scores were significantly higher than at both the pre- and post-PD time points. In interviews, the 

teachers said the PD increased their content and pedagogical knowledge. The teachers indicated 

that they perceived changes in their teaching behavior as a result of the PD; half of the teachers 

described substantial changes to their practice. The interviews provided a more complete picture 

of how, and the extent to which, the PD became integrated into each teacher’s practice.  

The goal of this study was not simply to document whether the teachers recalled 

knowledge conveyed by the PD, but whether it lived on in their practice. It was also an attempt 

183



 

 

to understand the personal and environmental challenges teachers endured and supports they 

encountered if they continued to implement PD-based approaches in their classrooms. Results of 

this study provide useful information for PD researchers, funders, and providers who are 

interested in the longitudinal effects of PD; and suggest that quantitative and qualitative 

measures should be used in tandem to understand these effects. Moreover, the results yielded 

important details about extrapolating behavior changes from pre-post PD gains.   

In this chapter I present conclusions and interpretations for each of the research 

questions. I begin by interpreting the scores of the four quantitative instruments (research 

question 1), including information gleaned from the interviews that aligned to these constructs 

where appropriate. I then address the variables found in this study to influence instrument scores 

and support these findings with interview results (research question 1A). I follow this with a 

discussion of the qualitative results as aligned to Bandura’s Theory of Reciprocal 

Determination—the environmental and personal factors that affected behavior as well as self-

described behavioral changes the teachers ascribed to the PD (research question 2). I finish the 

discussion by interpreting the mixed methods results (research question 3). I conclude this 

chapter with comments about the study’s limitations, implications for PD providers, and 

suggestions for future research.  

Quantitative Instrument Constructs—Research Question 1 

To answer the first research question, I compared the teachers’ scores on each of the four 

quantitative instruments at three time points (pre-PD, post-PD, and follow-up). Results for each 

of the instruments are discussed in more detail below, although it was difficult to situate the 

findings in the literature as there are few long-term PD studies.  
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Within-instrument time-point score correlations, when the pre-PD time point was 

included, were particularly low for the self-efficacy assessment and the Inquiry Teaching 

Assessment, indicating measurement problems. For the self-efficacy assessment, this may be due 

in part to the administration of both the pre- and post-PD instruments at the post-PD time point. 

The Inquiry Teaching Assessment was a constructed-response instrument that required much 

more time to complete than the other assessments. Changes in motivation, self-efficacy, and 

social desirability over the course of the PD may have affected responses at later time points, 

especially post-PD. Indeed, all post-PD scores across instruments may have been artificially high 

as the teachers had just devoted a year of their professional life to the PD and knew the 

facilitators well. At the follow-up time point, these subject-expectancy effects and social 

desirability biases may have been mitigated. The self-efficacy and pedagogical content 

knowledge assessments were significantly positively correlated across all time points, indicating 

that they measured related constructs. However, due to the small sample size of this study, 

interpretations of instruments’ score correlations need to be done with caution. 

Understanding of Inquiry-based Teaching 

 Two and a half years after the PD, there was a moderate loss in the teachers’ 

understanding of inquiry-based teaching, an effect size of Hedges’ g = 0.43. However, the 

teachers still had considerably more knowledge of inquiry-based teaching than prior to the PD (g 

= 0.59). This is in contrast to the sustained gains found a year after a science teacher educator PD 

(aka, for faculty). In that study, St. Clair et al. (2020) found measured knowledge of inquiry 

remained steady a year after the PD ended. Although scores declined post-PD on the Inquiry 

Teaching Assessment, most (86%) of the teachers reported in their interviews that the PD had 
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enhanced their pedagogical knowledge. The magnitude of this self-perceived gain in 

understanding could not be determined, however.  

 Throughout this dissertation I have referred to the Inquiry Teaching Assessment as a 

measurement of the teachers’ understanding of inquiry-based teaching. However, because the 

instrument prompts the teachers to respond to short science-teaching vignettes, it is not capturing 

declarative knowledge of inquiry-based teaching as much as measuring the teachers’ pedagogical 

content knowledge of inquiry—the teachers’ understanding of what inquiry-based science 

teaching looks like in the classroom. This distinction is important as previous researchers have 

not found evidence linking scientific inquiry knowledge to classroom practice (Bartos & 

Lederman, 2014; Lakin & Wallace, 2015). Duncan Seraphin et al. (2017) argued that this more 

procedural measure of pedagogical content knowledge of inquiry “is likely to be less susceptible 

to self-report biases and better targeted to classroom practice than measures of scientific inquiry 

knowledge” (p. 6). In support of this assertion, this study found that the teachers’ scores on the 

Inquiry Teaching Assessment were related to their description of the degree of their teaching 

change as a result of the PD.  

Content Knowledge 

In the interviews, approximately two-thirds of the teachers said the PD enhanced their 

content knowledge, but they had differing views about their retention since the program ended. 

The teachers’ aquatic science content knowledge decreased after the PD (a moderate effect size; 

g = 0.70), but scores were still significantly higher than pre-PD levels (g = 0.75). The erosion of 

content knowledge scores over time was expected. The content knowledge assessment was 

narrow and purposefully tailored to the PD. Furthermore, few teachers taught all of the aquatic 

science disciplines covered, and thus were unlikely to continue to engage with all or even the 
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majority of the PD content. When knowledge is not actively used, decays in gains are 

particularly pronounced (Kim et al., 2013). Thus, it was surprising that teachers from different 

grades and disciplines retained substantial gains over their baseline content scores 2.5 years later. 

However, recall that this assessment likely did not meet the assumption of unidimensionality, 

and the items chosen for inclusion showed growth over the course of the PD, but the cause of 

this growth is uncertain. Thus, inferences should be interpreted with caution. 

Other programs have examined PD gains in content knowledge longitudinally, but results 

have varied widely. For example, two years after a 3-year science PD for K–2 teachers, 

Sandholtz and colleagues (2016) found that content knowledge remained stable. In 2012, Heller 

and colleagues found that fourth-grade teacher science content knowledge declined from post-

PD to the follow-up 1-year later, but compared to pre-PD measures gains were very large (g = 

1.14–1.96, N = 19–30). In contrast, Clary et al. (2018) found that content knowledge was 

retained in only one of three science content areas measured 1–2 years after an extended inquiry-

based middle-school PD (geoscience, d = 1.16); content knowledge in other disciplines 

(chemistry and physics) showed no significant difference compared to pre-PD levels. (N = 16–

23). In an extreme example of content knowledge loss, Liu and Phelps assembled a large dataset 

(N = 3,340 K–12 teachers) encompassing multiple math PD programs, they found that average 

math content knowledge score gains were lost in just 37 days (2020).  

The focus on water as an overarching theme for the PD enhanced relevance to local 

teachers but was also limiting. Only a few of the teachers taught marine science and could easily 

continue to use all of the activities. However, only a couple of the teachers mentioned being 

bothered by learning content and activities that were not applicable to their practice. The multi-
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disciplinary content the teachers learned, and retained, may have helped them make deeper 

cross-disciplinary connections with their students.   

Pedagogical Content Knowledge 

While there was no statistically significant change in pedagogical content knowledge 

assessment scores from pre- to post-PD, at the follow-up time point the teachers’ scores were 

statistically greater than at both the pre-PD and post-PD time points (g = 0.74 and 0.49 

respectively). This was the only instrument on which the teachers’ scores increased over time. 

One probable cause of this increase is due to the maturation effect—novice teachers have 

generally been shown to have less pedagogical content knowledge (Lee et al., 2007; Magnusson 

et al., 1999; although see Rowan et al., 2001). After 2.5 years of additional classroom experience 

post-PD, none of the teachers could truly be considered novices at the follow-up time point. 

Alternatively, the growth reflected by the instruments’ scores may be due to seeds planted during 

the PD. Scarlett (2008), who developed the pedagogical content knowledge scale, wrote, “it is 

not expected that [a] PD will have instant impact upon the teachers and their classes but lay the 

foundation for future growth” (p. 86).  

The pedagogical content knowledge scale utilized in this study emphasized “pedagogy” 

items over “context” and “content” items, and thus emphasized classroom management strategies 

more than other aspects of pedagogical content knowledge. Collaboration, discussion, and 

facilitation strategies, and accompanying teacher and student behaviors, were explicitly modeled 

in the PD. During the PD, the teachers may have only implemented the required PD lessons, 

which included these strategies, and may not have changed aspects of their overall teaching 

practice. In the 2.5 years between the PD and the follow-up, the teachers had more time to use 

and become comfortable with these strategies and transfer them to their general practice. Thus, 
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this instrument may be accurately reflective of, and capturing, changes in classroom management 

strategies—but not other aspects of pedagogical content knowledge. In the future, using an 

instrument with a more balanced measure of pedagogical content knowledge, or weighing the 

questions prior to scoring so each cluster of items is considered equally, may address this 

asymmetry. The pedagogical content knowledge assessment and Inquiry Teaching Assessment 

are likely measuring different aspects of pedagogical content knowledge. This would explain 

why they have a lower-than-expected correlation—they are not different methods of measuring 

the same construct but are measuring different constructs.  

Reviews of PD programs show that those designed to teach teachers to use specific 

instructional processes, including classroom management strategies like cooperative learning, are 

very effective (Baye et al., 2019; Pellegrini et al., 2021). Introducing teachers to high-leverage 

strategies is likely to lead to student learning gains in the classroom when implemented 

(Windschitl et al., 2012), as they are well-defined and easy to learn. These strategies are likely to 

be maintained if they address problems of practice, such as issues with student engagement and 

motivation (Barron & Darling-Hammond, 2008). Thus, even if the pedagogical content 

knowledge measurement used in this study was unbalanced, emphasizing classroom 

management strategy gains over other aspects of pedagogical content knowledge, gains indicate 

the PD enhanced the teachers’ self-perceived capacity to facilitate strategies associated with 

inquiry-based teaching.   

Literature on PD’s long-term effects on pedagogical content knowledge are mixed, and it 

is unclear how long gains are sustained post-PD. Rozenszajn and Yarden (2014) followed-up 

with three biology teachers one year after a PD and found that teachers had retained most of their 

pedagogical content knowledge gains. However, two years after a PD, Kyriakides and colleagues 
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(2017) attributed issues with implementation to gaps in content and pedagogical content 

knowledge. Although not a follow-up study, over the course of a longer-duration PD, Copur-

Gencturk and Papakonstantinou (2016) found that changes in practice associated with student 

interactions were easy to make but difficult to sustain. Thus, it is difficult to predict if the 

sustained gains in pedagogical content knowledge will continue to be maintained. 

Self-efficacy 

Two and a half years after the PD, there was a limited loss in the teachers’ self-efficacy in 

teaching science (g = 0.28), but the teachers had retained most of their gains compared to pre-PD 

levels (g = 1.35). This effect size is substantially greater than the 0.06 effect size that Sandholtz 

et al. (2016) found two years post-PD. Herrington and colleagues found that over the course of a 

2.5-year-long PD, self-efficacy scores decreased on one instrument and increased or remained 

unchanged on another—while interview data and classroom observations indicated an increase in 

the teachers’ knowledge of and ability to use inquiry-based practices (2016). A follow-up one to 

two years post-PD showed a stabilization of self-efficacy scores on the instrument that had 

shown a decline during the PD (Herrington et al., 2016). Thus, long-term stability of self-

efficacy appears to vary widely and may depend on the instruments used to measure it.  

The self-efficacy instrument utilized in this study was designed to measure aspects of 

pedagogy taught in the PD. Due to the narrow focus of this construct, the smaller effect size of 

the decrease in scores from the post-PD to the follow-up time point compared to the instrument 

measuring inquiry-based teaching was surprising, but not unheard of. Sandholtz & Ringstaff 

(2016) found substantial gains in confidence in teaching science attributed to a PD ending two 

years prior. As teachers’ perceptions and beliefs are a significant predictor of behavioral change 

(Opfer & Pedder, 2011), the finding that this PD resulted in sustained self-efficacy gains is 
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notable. Self-efficacy is strongly related to confidence, and the social and emotional states of 

teachers affect their self-efficacy (Shahzad & Naureen, 2017). Confidence has been shown to be 

important in implementing inquiry-based teaching approaches (Fitzgerald et al., 2019).  

In the interviews, half of the teachers said the PD affirmed their teaching philosophy, a 

third said the PD increased their confidence, and 14% said that the PD was professionally 

invigorating. The nature of the TSI PD pedagogy, where the teachers are positioned as the 

research directors in their classroom (a significant pedagogical concept mentioned by 27% of the 

teachers), may have increased the teachers’ self-efficacy in their facilitation skills. A couple of 

the teachers explicitly mentioned that the PD enhanced their questioning skills, perhaps due to 

their observation of well-modeled facilitation skills by the PD practitioners (Bandura, 1977). 

Relationship Between Pedagogical Content Knowledge and Self-efficacy 

The scores on the pedagogical content knowledge and self-efficacy assessments were 

highly correlated. Due to this correlation, the continued increase in the scores of the teachers on 

the pedagogical content knowledge assessment over time may be a mediating factor in the 

comparatively smaller decline in self-efficacy scores post-PD to follow-up compared to the 

decline in scores noted on the other instruments. The strong relationship between the 

instruments’ scores indicates they are measuring the same, or very similar, constructs; or that 

similar methodological effects and biases are driving the correlation. High pre-PD scores on both 

of these instruments meant there was not a lot of room to grow, a ceiling effect. Both of these 

instruments used agreement scales, and thus may have invoked acquiescence and made the 

teachers susceptible to subject-expectancy effects (Dillman et al., 2014; Harrison, 2020). 

Subject-expectancy effects might have occurred because the teachers expected to gain 
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knowledge and skills over the course of the PD, thus they unconsciously reported their expected 

results as opposed to their actual practice.  

Effect of Grade Level, Experience, and Subsequent PD Participation—Research Question 1A 

Most of the variables that significantly affected the teachers’ scores on instruments in the 

original PD evaluation did not affect scores on the instruments in this follow-up study. However, 

interview findings lend a more nuanced view of these results. The teachers who participated in 

additional significant PD(s) had higher scores on all of the instruments at the follow-up time 

point than the teachers who did not report participating in additional PD after the PD under 

study, although this difference was not statistically significant. The teachers’ years of experience 

in the classroom also did not have any detectable effect on their scores on any of the instruments 

in this study nor in their self-reports of content or pedagogical knowledge gained from the PD. 

However, the more experienced teachers reported that the PD affirmed their teaching philosophy, 

whereas more novice teachers reported that the PD enhanced their confidence. This difference by 

experience lends support to research that has found that more experienced teachers have greater 

pedagogical content knowledge (Lee et al., 2007; Yang et al., 2020b) and more stable self-

efficacy (Ross, 1994). Three of the more experienced teachers said the PD was invigorating. As 

more experienced teachers have been shown to have less innovative energy over time 

(Hargreaves & Goodson, 2006), high-quality PD may serve as a platform to revitalize these 

teachers.  

Grade level did affect PD outcomes—the middle- and high-school teachers had different 

initial levels of, and gains in, content knowledge as measured by the quantitative assessment. But 

at the follow-up time point scores were similar between the grade levels. This follow-up study 

supports previous research that this PD appears to have minimized some of the content 
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knowledge disparities that existed between the middle- and high-school teachers (Duncan 

Seraphin et al., 2017). This is substantiated by the teacher interviews. Although the middle-

school and high-school teachers reported similar gains in pedagogical and content knowledge at 

the follow-up interview, more of the middle-school teachers than the high-school teachers 

described substantive changes in their teaching practice as a result of the PD. Previous research 

indicated this PD also minimized gaps between grade levels in pedagogical knowledge (Duncan 

Seraphin et al., 2017), but this study did not find differences among middle- and high-school 

teachers on the instruments measuring this construct.  

Due to perceived student abilities, the middle-school teachers reported making more 

modifications to the PD activities they implemented in their classes than the high-school 

teachers. The middle-school teachers’ ways of thinking about the PD broke into two camps: 

those who thought the PD was a good fit for their students, and those who felt the activities were 

too advanced. In this PD the activities were originally developed for high-school students. Thus, 

if the activities in a PD are misaligned to the participating teachers’ grade levels, they may 

benefit from support in appropriately modifying activities.  

Interview Findings—Research Question 2  

To answer the second research question, I coded the interviews using Bandura’s Theory 

of Reciprocal Determination, detailed below by the interactions between personal, 

environmental, and behavioral factors. By taking part in this study, the teachers reflected on their 

experiences. A teacher who participated in the verbal cognitive interviews said it was like a 

“walk down memory lane,” and that she planned to revisit some of the PD activities and 

pedagogy materials as a result of her recollections during the interview. Reflection is an 
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important part of learning (Zeichner & Liston, 2014), and thus of effective teacher PD. 

Participation in the study itself may have served as a type of follow-up experience.  

Interactions Between Personal and Behavioral Factors 

This study had a high response rate (23 of 25 eligible teachers, 82%). While many 

teachers are largely dissatisfied with the PD experiences presented to them (Darling-Hammond 

et al., 2009; Penuel et al.; 2007), interview findings indicated the teachers viewed this PD 

extremely favorably; over two-thirds described it as being of high-quality. While teachers may 

not like most PD offerings, this was an opt-in PD. The response rate indicates the teachers 

continued to be invested on some level, likely in part due to the small cohorts and rapport 

developed with the facilitators. Individuals are more likely to adopt modeled behavior if the 

model has admired status (Bandura, 1972). Participant enthusiasm is important to maintaining 

PD gains,  

...because ultimately the long-term success of any reform depends on teacher buy-in. 

Educators may comply in the short term with mandates and reforms that are handed down 

from above, but real change demands sustained professional learning that teachers want 

to engage in. (Penuel et al., 2020, p. 41) 

The features of the PD that the teachers remembered and appreciated are reflective of 

qualities of effective PD well-established in the literature—it was of an extended duration, had 

expert facilitators, and allowed time for experimentation, reflection, and sharing (e.g., CRDG, 

2012; Desimone, 2009; Loucks-Horsley et al., 2010; Timperley et al., 2007; Yoon et al., 2007; 

Zeichner & Liston, 2014). While the importance of these features is debatable (Hill et al., 2013), 

the teachers in this PD were attentive to these components. This PD required the teachers to 

implement modeled PD activities, providing them with an opportunity to experience the 
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activities within their own contexts, develop confidence, and assess student response. These are 

key variables in Guskey’s PD theory of change (2002b). The teachers acknowledged the 

importance of experiencing the activities as learners before implementing the activities in their 

classrooms, and attributed this modeling to enhanced classroom enaction. Teachers are likely to 

persist in adopting new strategies when they expect that they can succeed or when they 

experience success (Abrami et al., 2004; Gorozidis & Papaioannou, 2014).   

A number of the teachers shared PD concepts with their colleagues in both formal and 

informal settings. Some of the teachers also reported that the PD led to educational leadership 

roles. This indicates the PD helped the teachers identify as leaders and for some of them to feel 

confident and competent enough to lead workshops for their colleagues. It is critical that PD 

prepares educators to assume leadership roles (Shaw et al., 2018), as educational ownership and 

strategy sharing are critical components of bringing reforms to scale (Coburn, 2003; Datnow & 

Stringfield, 2000). 

Interactions Between Environmental and Personal Factors 

While the teachers opted-into the PD (indicating internal agency), their ability to translate 

innovations from the PD into their classrooms is related to their self-efficacy as well as their 

belief in their sense of control over their behavior (external agency; Bandura, 1989). Three of the 

teachers explicitly shared that they reverted to their pre-PD teaching style after the PD. This may 

have been due to personal preferences—they made a judgement that the PD was not useful to 

them. When new practices do not align with preferences, teachers tend to abandon them 

(Larrivee, 2000). Alternatively, these teachers may have felt they did not have sufficient 

autonomy with respect to their curriculum and pacing guides or they needed additional support 

that was no longer available through the PD. The experiences of these three teachers suggests 
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that the other teachers who continued to implement PD pedagogy and curriculum were doing so 

of their own accord and that they valued and saw utility in what the PD had taught them. 

 Surprisingly, two of the experienced science teachers said the PD “didn’t feel 

threatening,” which suggests that they had previously attended intimidating PD. Teachers learn 

more effectively when they feel secure and are in a supportive, collegial environment, especially 

when being pushed beyond their respective comfort zones (Darling-Hammond et al., 2020; Opfer 

& Pedder, 2011; Podolsky et al., 2019). It is worth noting that half of the teachers reported 

applying inquiry-based approaches learned in the PD to other classes after the PD ended. 

Desimone and colleagues (2002) called this a “spillover” effect. The prevalence of this effect in 

this study may be due to the number of teachers who changed schools and transitioned across 

grades and disciplines since the PD ended. The teachers were able to transfer some of the PD 

practices to their new contexts.  

Modification and customization of PD activities was probably encouraged by the PD 

facilitators too soon. For example, the teachers were encouraged to post and share their activity 

modifications to the online learning community early in the project, when the focus should have 

probably been on fidelity of implementation (Fixsen et al., 2005, Loucks-Horsley et al., 2010). 

Fixsen and colleagues (2005) argued that adaptation of programs should not occur until an 

intervention is accepted practice. PD literature supports this “fidelity first” philosophy (e.g., 

Loucks-Horsley et al., 2010) as, in general, fidelity correlates with better program outcomes (Hill 

& Erickson, 2019). Asking teachers to implement a program with high fidelity maintains its 

integrity, while adapting it risks altering program principles. This is because adaptations may 

later be characterized as either innovations, customizations that lead to desirable project 

modifications, or “program drift” (Fixsen et al., 2005). However, the curriculum utilized in the 
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PD was written for a high-school audience, and there were a number of middle-school teachers 

in the PD who could not have been expected to implement the activities without modifications. 

And while a number of the teachers shared how they adapted lessons to their context, I suspect 

even more were doing so but, as one teacher said, because “the modifications are fairly natural 

ones to be making in class anyways,” they were not significant enough to bring up in the 

interview.  

This tension between fidelity and adaptation is especially pronounced in educational 

programs (Protheroe, 2009). For example, a recent survey found that most science teachers 

agreed that students should be given definitions for new vocabulary at the beginning of 

instruction and that laboratory activities should be used to reinforce ideas that students have 

already learned (Smith, 2020). If teachers altered PD activities in this fashion, the activities 

would no longer follow inquiry-based teaching principles. However, there is usually a need to 

adapt to local needs and circumstances to enhance program fit. Effective instruction entails 

teachers being able to use a variety of instructional strategies so they can modify their practice 

according to the needs of the situation (Darling-Hammond et al., 2020). As adaptations are 

inevitable, “the rule rather than the exception” (Castro et al., 2004, p. 44), leaning in and 

providing educators with strategies for adapting materials can enhance their agency over reform 

and improve science teaching and learning (Shaw et al., 2018). Fishman and Krajcik (2003) 

claimed that sustainability is fostered primarily by adaptation. Ten years after a PD, four teachers 

were using the PD strategies but had all adapted them considerably (Shaharabani & Tal, 2017). 

As innovations are adapted and altered, it may appear over time that PD practices have declined 

as implementation levels may not be easily detected—even if internalization is a long-term goal 

of the intervention. Some of the teachers in this study reported that they had integrated PD 
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strategies in their practice, one teacher said what she had learned in the PD was now part of her 

“professional bag of tricks.” It short, over time it becomes more difficult to trace the origins of 

now-routine practices to any specific PD.  

Interactions Between Environmental and Behavioral Factors 

With the exception of one teacher, all of the PD participants continued to use inquiry-

based teaching strategies they learned in the PD and to implement PD activities. However, 

similar to other follow-up studies (e.g., Sandholtz & Ringstaff, 2016), the teachers reported that 

over time, their use of the PD curriculum and pedagogical language had declined. The teachers 

reported they were most likely to continue to implement the activities most relevant to their 

classrooms. Thus, the frequency of use of the chemical aquatic science activities was surprising 

as only one teacher during the PD, and two teachers at the time of the follow-up, were teaching 

chemistry. These activities may have been used more than others as they were able to support the 

teachers in their weakest subject. As the teachers in general chose the activities a la carte, rather 

than following the carefully constructed learning progression of activities modeled in the PD, 

this may mean they considered aspects of the PD in isolation, and not related to their practice as 

a whole. Small changes are unlikely to sufficiently change behavior to result in improved student 

outcomes (Pellegrini et al., 2021).  

Most of the teachers reported enhanced student engagement and/or student learning as a 

result of the PD. If teachers perceive that their students are benefiting from an innovation, they 

are more likely to continue to do it (Fullan, 1987; Guskey, 2002b; Klingner et al., 1999), which 

can in turn shift their beliefs (Deglau & O’Sullivan, 2006). 

The teachers reported that the PD curriculum and supplies were important to their 

implementation; aligning with previous research (e.g., Buczynski & Hansen, 2010; Loucks-
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Horsley et al., 2010). The curriculum and supply resources allowed the teachers to begin 

implementation immediately. For some of the teachers, as these supplies ran out, so did 

implementation. Only two of the teachers said that an activity they tried did not work well for 

them. The activities, including the supplies, teacher guides, and student materials were 

extensively tested prior to the PD. This fits with research that shows that innovations are more 

likely to be successfully implemented when their technical quality and accuracy are already 

proven (Fullan 1987).  

The teachers valued the community that was developed over the course of the PD and 

appreciated the opportunities to debrief and problem solve with their colleagues. However, only 

a couple of the teachers taught at the same schools, so there was little opportunity for extending 

the learning through organically established informal school networks, a capacity-building 

mechanism that has been shown to be important in sustaining implementation of innovative 

practices (Lynch et al., 2019). Although an online learning community was designed to sustain 

the PD community, the teachers did not utilize it after the PD ended. A sense of isolation may 

have contributed to the decline in implementation over time, as teacher networks influence their 

abilities to sustain innovative practices (Coburn et al., 2012; Garet et al., 2001; Opfer & Pedder, 

2011).  

As other researchers have found, the teachers in this study reported being subjected to, 

and overwhelmed by, competing initiatives that impeded implementation of PD practices 

(American Federation of Teachers, 2017; Blumenfeld et al., 2000; Klingner et al., 1999; Murrill 

et al., 2013; Padua, 2018; Pomerantz & Condie, 2017). Instructional pacing guides, testing 

constraints, and new standards tend to inhibit teacher change (Hill & Chin, 2018). Having to 

attend to educational initiatives, as well as non-instructional tasks, meant that time was cited as 
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the main limiting factor to implementation. The activities that the teachers reported keeping in 

their repertoire were those that were perceived as relevant to the standards. This fits with 

research that teachers are generally unwilling to invest in changes to their practice if the changes 

will not provide return on high-stakes assessments or other evaluation criteria (Klingner et al., 

1999). The practices and activities that were kept by the teachers complemented what they were 

already doing. “Great ideas” that require extra work will often not be sustained.  

TSI and the NGSS. The NGSS, one of the larger initiatives in recent history in science 

education, were rolled out in Hawai‘i between the end of the PD and the follow-up study. Some 

of the decline in the use of the PD curriculum and TSI pedagogical language can be attributed to 

the new language introduced by the NGSS. However, some of the concepts and ideas established 

in the PD were more durable than others. The aspects of TSI that were retained, such as 

developing interest in and focusing an inquiry, metacognition and reflection, and teacher-as-

facilitator, may indicate these are aspects of the nature of science that NGSS, and most NGSS-

focused PD, does not explicate as well as TSI.  

The durability of TSI concepts indicates that the TSI pedagogical framework is 

complementary to the NGSS. The NGSS establish what students should learn and presents a 

vision of what students should do while engaged in scientific investigations. However, the 

complexity of the NGSS can make the standards challenging for teachers to understand and 

implement (Friedrichsen & Barnett, 2018; Fulmer et al., 2018). Pedagogical frameworks like TSI 

may serve as a bridge, or foothold, to understanding the process of science, helping teachers see 

the variety of ways to teach in an inquiry-based manner to achieve the goals of the NGSS.  

Lastly, the pedagogical approach used in the PD, TSI, provided a common framework 

and vocabulary for the PD facilitators and the teachers to use when teaching and talking about 
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the scientific process. Although years later many of the teachers did not recall the specifics of 

TSI (e.g., the terminology), it was clear they remembered the underlying key concepts. Thus, the 

TSI framework was useful in supporting teachers’ understanding of the scientific process. While 

NGSS provides language to scaffold this understanding as well, the teaching of the cyclical, 

iterative, multi-modal nature of science may benefit from pedagogical frameworks that 

emphasize these aspects of inquiry. 

Mixed Methods—Research Question 3  

To determine how the personal constructs measured in this study interacted with the 

teachers’ environment to lead to sustained teacher behavioral change, I conducted a mixed 

methods analysis. Exploratory scatterplots of each instruments’ change scores, initially designed 

to elucidate patterns in teachers’ scores across instruments, indicated a regression to the mean for 

all constructs, a potential validity threat and reminder that scores should be interpreted with 

caution (Shadish et al., 2002).   

Recall that self-reported levels of PD implementation and application of PD principles 

were Likert-type scale questions the teachers were asked during the interviews. The teachers 

were categorized as having made modest or substantial teaching changes as a result of the PD 

based on information gleaned from their interviews. Self-reported levels of PD implementation 

were significantly positively correlated with scores on the self-efficacy and pedagogical content 

knowledge assessments; self-reported application of PD principles was significantly positively 

correlated solely with the pedagogical content knowledge assessment. As scores on the item 

measuring implementation of PD activities was significantly correlated with scores on the item 

measuring application of PD pedagogy, but not with the extent of self-reported teaching practice, 

these self-reported behavior questions may have prompted the teachers to reflect on the amount 
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of PD activities they implement, whereas their descriptions in the interviews of their teaching 

practice may have better captured changes associated with PD pedagogy. Thus, implementation 

of PD activities may not be related to the extent of pedagogical changes in teaching practice. 

After the initial implementation of PD activities, long-term changes in teaching practice may not 

be tied to activity implementation.   

 Higher Inquiry Teaching Assessment scores at the follow-up time point were associated 

with descriptions of more substantial teaching change. Both more substantial teaching change 

and higher frequencies of implementation of PD activities were associated with gains in 

confidence and/or affirmation of teaching philosophy as a result of PD participation as well as 

reports of student engagement and/or learning. Higher levels of classroom implementation were 

associated with gains in confidence, perceived student engagement, pedagogical knowledge, 

self-efficacy, and pedagogical content knowledge—but not content knowledge. Previous 

literature has demonstrated that just enhancing teachers’ content knowledge does not equate to 

improved practices (Kennedy, 2016), but may be a moderating factor. In this study, the PD 

content often did not align to the teachers’ disciplines. Therefore, the teachers may not have been 

further exposed to large portions of the content covered since the end of the PD. But pedagogy is 

content-agnostic, and thus all of the teachers of each grade level and discipline could continue to 

utilize PD strategies if they chose. Although pedagogy cannot be taught without content for 

context, content may not be as important when assessing long-term PD effects.  

Other studies have found that self-reported practices were not related to knowledge 

(Heller et al., 2012, Lakin & Wallace, 2015), self-efficacy (Herrington et al., 2016), or 

pedagogical content knowledge (Lakin & Wallace, 2015). Although Herrington and colleagues 

studied a longer duration PD, and was not a long-term follow-up, they attributed this disconnect 
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to teachers’ more sophisticated understanding of inquiry after the PD, which they hypothesized 

lead the teachers to be more critical of their implementation. Conversely, Lakin and Wallace 

(2015), examining another longer-duration PD, suspected that teachers inflated their reported use 

of inquiry-based strategies based on the researchers’ measurements of the teachers’ knowledge 

of inquiry practices and pedagogical content knowledge. Thus, self-reported practice yields 

disparate results in the long-term PD literature, as in other domains, and its accuracy may depend 

on PD-level variables. 

Limitations  

There are a number of limitations to this study. It is of a single project, with a self-

selected sample, relied on self-report, and did not include a comparison group. As with all 

quantitative findings derived from small sample sizes, this poses a threat to both internal and 

external validity, limits causal interpretability, and limits the degree to which findings can be 

generalized (e.g., Shadish et al., 2002). This study should be considered exploratory and its 

results considered tentative rather than prescriptive. 

 The Inquiry Teaching Assessment had arguably the most rigorous development process 

of the assessments utilized in this study. However, there were some issues with this instrument. 

Although the teachers were scored on their written responses to different teaching scenarios, they 

still had to choose one of the multiple-choice options to respond to; in the open-ended responses, 

the teachers then had to justify their choices. Some of the teachers did not like the options. It was 

also difficult for some of the teachers to imagine themselves as the teachers in the scenarios. For 

example, while coding the responses to one of the scenarios the coders noted “This question 

seems very different in tone than the other questions. We believe that is because it is a fourth-

grade question and most participants have no elementary experience.” 
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Although scores on all quantitative instruments were validated through an iterative 

process of administration during the development of the PD, this study inherited instrument 

design issues. Most of this study’s instruments were developed for this project. Effect sizes on 

researcher-developed measures are, on average, larger than those produced independently (Hill 

et al., 2020; Wolf, 2021). However, Lynch and colleagues (2019) argued that while standardized 

assessments have face validity, “they are not especially sensitive to instructional improvement 

efforts, due to differences in the skills measured by the tests versus those targeted in the 

intervention” (p. 285). To fully capture the effects of an intervention they suggested using 

assessments that are closely tied to the outcomes of the intervention as well as those that are 

more standardized (Lynch et al., 2019).  

The qualitative findings in this study would be strengthened by having additional 

researchers analyze the data to establish interrater reliability for the coding scheme and therefore 

minimize bias (Corbin & Strauss, 2014). The number of significant pedagogical concepts and 

changes in practice described by each of the teachers may have been a function of how 

loquacious they were in their interviews, with longer responses offering more opportunities for 

the teachers to share. Also, for some of the teacher interviews it was difficult to differentiate 

between what the teachers were currently doing as opposed to what they did during or 

immediately after the PD. The teachers who moved positions, schools, and grade levels may 

have been especially prone to discussing no longer extant practices.  

In both the original PD and this study there was little focus on school context. Although 

the teachers brought up administration support, or lack thereof, in their interviews, as well as 

other environmental limitations and affordances, none of the interview questions asked the 

teachers to reflect specifically on this aspect. Given the importance of school context to PD 
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implementation (e.g., Banilower et al., 2007; Opfer & Pedder, 2011; Yang et al., 2020b), this 

oversight means that these results are more focused on the teacher level as opposed to the system 

level.  

Suggestions for Future Research 

 The costs of PD, and the effectiveness of PD, vary widely (Odden et al., 2002; Shear & 

Penuel, 2010). Thus, PD efforts have been criticized for being a poor investment on return (Hill 

et al., 2013; Jacob & McGovern, 2015; Whitehead, 2010). However, PD is the primary scalable 

mechanism of teacher learning. Thus, the solution is not to defund PD but rather fund effective 

PD. Examining the long-term effects of PD programs should thus become a higher priority and 

included in initial proposals for large-scale PD interventions rather than done on an ad hoc basis. 

Many questions remain and many questions were generated by this study’s findings. For 

example, what aspects of the PD design were more influential in contributing to long-term 

change? How can these components be improved? In order to answer these questions, 

researchers need to standardize their terminology so long-term PD effects can be better 

understood. Currently in the literature researchers use derivatives of the terms sustain, transfer, 

long-term, longitudinal, and maintenance to refer to the act of following up with teachers after 

the PD has ended. It is also difficult to situate this study in relation to prior research as the 

methodologies of PD studies, including those on long-term PD effects, vary widely. Details on 

the number of teachers followed, follow-up timeline, long-term goals of the PD, outcomes 

examined, specifics of the measures used to determine effects, and effect sizes of quantitative 

measures are often vague or buried. This makes researching the long-term effects of PD, as well 

as designing new studies to explore these effects, difficult.  
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Understanding teachers’ motivations for participating in PD is particularly important as 

teachers who are successful at fulfilling their initial motivations are more likely to say the PD 

was valuable and implement PD practices in their classrooms (Kennedy, 2016). This study did 

not examine teacher motivations for opting-into the PD, thus it is difficult to know if buy-in and 

long-term effects are related to initial motivations. PD facilitators should prioritize asking 

teachers about their goals and motivations prior to the PD to further research in this area. 

Thinking about voluntary PD as free-choice learning may further our understanding of teachers’ 

motivations, as this field has long understood that learning is related to why people choose an 

educational experience (e.g., explorers vs. hobbyists; Falk, 2006).  

A preliminary analysis of individual teachers in this study supports research that different 

teachers can have very disparate responses to the same experiences (Desimone & Garet, 2015; 

Kennedy, 2016; Minor et al., 2016; Van Eekelen et al., 2006). The teachers’ instrument scores 

did not always align to their effusiveness, or lack thereof, in the interviews and their descriptions 

of their practice. Different types of professional learning may be needed for teachers at different 

stages of their professional trajectories (e.g., Franke et al., 2001; Short & Hirsh, 2020). Further, 

the desire for customization and personalization of PD as a means to enhance its effectiveness 

has only increased over time (Starkey et al., 2009). However, both tailoring PD and supporting 

teachers in choosing specific areas for enhancement aligned to their needs, interests, and abilities 

requires more intimate knowledge of what works and for whom. In order to gain more insight 

into how different types of PD serve some teachers better than others, more detailed information 

is needed on teacher characteristics and other differentiating factors that may help explain the 

variability in teacher outcomes. This will require both looking at more case studies of individual 

teachers as well as larger studies with the statistical power to tease out population differences.  
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Any one PD, however long, is a transient event in a teacher’s professional trajectory. 

Reforms do not take place in isolation (Hill & Erickson, 2019), thus it is difficult to isolate the 

effects of any one initiative from other factors. Few innovations reach the stage at which they 

become a routine part of teachers’ practice (Hargreaves & Goodson, 2006). However, conceding 

this is defeatist. Understanding how any particular PD contributes to teachers’ practice can help 

elucidate why some efforts succeed and others fail. Only having one follow-up time point means 

this study did not have enough information to speculate on the rate of decay, or gain, of 

measured constructs. Purposefully investigating the progress of teacher change during and after 

PD participation can help answer this question. This study found that follow-up support would 

be beneficial to maintaining high-levels of PD usage after the conclusion of the PD. Furthermore, 

although teachers are adaptive experts (Muijs et al., 2014), and as the educational landscape 

shifts, teachers need support in determining how PD innovations can be modified to align with 

ongoing changing circumstances. Teachers want a menu of options for follow-up support 

(Sandholtz & Ringstaff, 2020), but more research needs to be done on the timing and structure, 

and thus cost, of this support. However, it is important to note that not all teachers need this type 

of considerable support (Shaharabani & Tal, 2017).  

Lastly, the PD field needs to confront two questions that have loomed over this study—

what is long-term success? What does “success” look like? As the goal of PD is enhanced 

student learning, long-term success should be defined by long-term student success. However, 

measuring long-term student outcomes is difficult due to numerous factors, including constantly 

changing student assessments and learning objectives (Desimone et al., 2002; Garet et al., 2001; 

Kennedy, 2016). Focusing at the teacher-level, is success long-term implementation of PD 

activities? Is it evidence of meaningful integration of PD strategies and concepts into teaching 
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practice? If the goal is for teachers to make PD-informed instructional choices, how might we 

measure that on a self-report instrument? How do the different stakeholders (e.g., teacher 

participants, PD facilitators) perceive program success? It is unrealistic to expect a program to be 

used forever, so what does “long-term” mean—five years? Criteria or benchmarks indicative of 

long-term success need to be defined during program conception, so that the longer-term 

effectiveness of PD can be evaluated more systematically. Long-term (post-PD) success may, 

and likely should, be defined differently than short-term success. However, if there is no or little 

evidence of gains in the skills or knowledge targeted pre- to post-PD, it is unlikely that gains will 

solely happen post-PD (Rose & Church, 1998); in these cases, effort and funding may be better 

spent elsewhere. 

Implications  

 This study underscores the need to provide longer-term support to sustain PD gains. The 

declines in scores over time indicate that while one year is generally considered a long-term PD, 

it may not be long enough for teachers to become comfortable enough with new practices that 

their understanding and application of inquiry-based teaching is maintained at the same levels 

without support. Thus, in order to maximize the longevity of PD outcomes, facilitators need to 

plan to support teachers at some level after the PD ends.  

 This study also has implications for interpreting PD results. Evidence of PD effects based 

on pre- to post-PD measures, measures over a limited timeline in a supportive environment, may 

not be indicative of long-term sustainability of constructs or of classroom teaching changes. 

Program success (short-term pre-post gains) need to be differentiated from long-term success 

criteria. As relayed by most of the teachers in the interviews, the PD under study was successful. 

As indicated by the scores on the quantitative instruments, long-term effects are more muddled. 
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Self-described classroom changes were not clearly related to instrument score outcomes, and 

almost all teachers reported teaching changes that were not captured in their scores on the 

instruments. While about half of the teachers reported more subtle changes, more modest 

changes should not be automatically categorized as a poor PD outcome. Perhaps innovations had 

become ingrained or routine and were no longer recognized as significant, or the teachers were 

already teaching in an inquiry-based manner and the PD enhanced their instruction but did not 

significantly shift it. This study adds to the literature that gains in knowledge do not necessarily 

equate to instructional changes, particularly over long time frames. Employing both quantitative 

and qualitative measures capture a more complete picture of the long-term effects of programs. 

This study indicates that scores on content knowledge instruments may not be indicative of long-

term behavior changes and that continued implementation of PD activities may not equate to 

changes in pedagogical practice, just as changes in pedagogical practice may not be reflected in 

reported implementation of PD activities. 

Conclusion 

PD program stakeholders value interventions that have enduring effects beyond the 

project. While pre-post measures are important, only by following up with teachers after projects 

end can we measure their effectiveness. However, studies examining the long-term effects of PD 

initiatives on teacher knowledge and instructional practices are rare. This study addressed this 

research need. Instruments were administered to teachers 2.5 years after they completed an 

inquiry-based science PD to determine its persistence in their current teaching practice and the 

factors that enhanced and/or hindered PD implementation. 

The teachers reported that the PD enhanced their confidence, inquiry and content 

knowledge, and attributed modest to substantial inquiry-based changes in their teaching practice 
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to the PD. The teachers’ explicit use of PD pedagogy had declined due to competing initiatives 

and a lack of time, but there was evidence that inquiry-based teaching principles had become 

embedded in the teachers’ practices. The results of both quantitative and qualitative measures in 

this study indicate that high-quality, well-resourced PD leads to long-term self-perceived 

meaningful changes in teacher practice years after the PD ended. However, declines in 

pedagogical and content knowledge, as measured on instrument scores, and activity 

implementation as reported in interviews, indicates that the measurable effects of high-quality 

PD fade over time. Results from this study may inform how researchers think about, measure, 

and interpret success in their own programs.  
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Instructions for Rating the Inquiry Teaching Assessment Responses 

The Assessment 
The purpose of this assessment is to find out how well teachers understand what teaching science as 
inquiry looks like in the classroom. Teachers (N = 23) in the 2012–2013 TSIA O‘ahu and Kauai cohorts 
were given the Inquiry Teaching Assessment (ITA); which is an adapted version of the Pedagogy of 
Science Teaching Test (Schuster & Coburn, 2010). In our version of this test, there are seven teaching 
scenarios, each followed by a four-option multiple-choice (MC) question that asks the teacher to select 
which choice best provides an inquiry-based approach to teaching the lesson and to meeting the lesson 
objective. Each MC question is followed by a prompt that asks teachers to explain their selected answer 
and to show what they know about teaching science as inquiry. Thus, there are seven items that teachers 
have responded to, each with a multiple-choice question and a constructed-response question. In effect, 
the teaching scenario and MC question serve as a vignette prompt for teachers to write their responses to. 

The set of responses (which are in this document after the practice set) includes those from the original 
post-PD administration of the ITA from seven teachers. The original responses (2013) are embedded in 
the new responses (2016) to examine if there has been any drift in rater’s scoring over time. The seven 
teachers were chosen from a stratified random sample of high, middle, and low scoring participants (two 
from each of the “high” and “low” categories, three form the “middle” category). The teachers’ responses 
have been assigned a random number so you cannot identify the teacher nor determine which are original 
and which are recent based on their position in this response set. 

Here are the instructions on the first page of the ITA: 
We would like to know about your understanding of what inquiry-based science looks like in the 
classroom. For each question, read the description of the teaching situation, then  select the option 
that you believe best matches an inquiry-based approach to teaching that lesson objective. Be sure 
to read all possible answers before making your selection. After completing your selection for the 
item, provide your explanation for selecting that choice. Please keep in mind the following: 

• Focus your writing on why you picked your choice, you do not need to explain why you did
not choose the other options.

• Explain your choice in the context of the given classroom scenario. We understand some of
the scenarios do not provide many contextual details. Please do the best you can and
refrain from referencing your own students and classroom, stick to the scenario!

• Please provide as through an explanation for your choices as you can (avoid using
explanations such as see my previous response).

Your explanations will be used to assess your understanding of inquiry in the context of each 
teaching situation.  

Rating 
Your task is to rate each response on the scale of understanding of what teaching science as inquiry looks 
like in the classroom. The scale is operationalized by the rubric. Attached to this document is the rubric, a 
practice set of responses, and the full set of responses. The ITA is a separate document. 

Before you get started rating the full set of responses, please read these instructions and practice rating 
responses in the practice set. Then you and the other rater will share your ratings and discuss any 
discrepancies. This is to make sure you are in agreement about how to translate the rubric into your 
ratings. Discrepancies greater than two points’ difference are especially important to discuss. After you 
are closer in agreement on the practice items you can rate the full set of responses. When you make 
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ratings on the full set of items, do so independently. In other words, do not work with anyone else when 
rating responses. 

Before you rate the responses, carefully read the rubric and the ITA item (including the teaching scenario, 
the possible MC choices, and item’s constructed-response instruction prompt).  

There are two dimensions you have to deal with: 1) the teacher’s understanding of what inquiry looks like 
in the classroom (ranging from misconceptions to deep and comprehensive understanding), and 2) the 
relevance of the information in their response (how much they give us to work with in rating their 
response). Our main goal, of course, is to measure this first dimension. 

For this first dimension, focus on the indicators that that suggest the teacher understands what teaching 
science as inquiry looks like. Do not focus too much on the TSI terminology. One teacher might, for 
example, use the term “curiosity mode”, while another teacher might provide a description that shows 
they understand the curiosity mode even though they might not use the TSI terminology. Treat both of 
these equally when possible, and even consider the possibility that some responses might show that 
teachers know the terms but do not really understand what TSI looks like in practice. 

To address the second dimension, the rubric includes statements such as “There is some evidence that…” 
or “There is strong evidence that…”. Give a score of zero when there is not enough information in the 
response to make a judgment. 

Rubric-based scores range from -1 to +3, with half points, which is a 9-point scale. Zero is the point 
where we would either expect the response to be too short or too vague to provide adequate information 
for us to judge. Zero is also the point where there is a balance between the teachers’ understanding of 
inquiry and their misconceptions about what inquiry looks like. Negative scores should be given when 
there is evidence that the teacher has some misconceptions and when there is little or no evidence that the 
teacher understands what inquiry looks like. 

It is best to rate each item’s set of responses in one sitting before rating the next item’s responses (that is, 
read and rate all the responses to Item 1 before rating Item 2, and so forth). It is best to break it up into 
chunks in order to avoid fatigue (which can affect your rating). That is, rate one item or even half of the 
set of an item’s responses at a time. Each item may take around two hours to rate. You can rate 
responses with an item in any order you like (that is, you do not have to rate the first response first—you 
can start in the middle, the end, and so forth, to avoid an ordering effect in your rating). 
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TSIA Follow-up Inquiry Teaching Assessment

Inquiry Teaching Assessment

We would like to know about your understanding of what inquiry-based science looks like in the classroom. For each question, read the
description of the teaching situation, then select the option that you believe best matches an inquiry-based approach to teaching that
lesson objective. Be sure to read all possible answers before making your selection . After completing your selection for the item,
provide your explanation for selecting that choice. Please keep in mind the following:

Focus your writing on why you picked your choice, you do not need to explain why you did not chose the other options .
Explain your choice in the context of the given classroom scenario. We understand some of the scenarios do not provide many
contextual details. Please do the best you can and refrain from referencing your own students and classroom, stick to the
scenario!
Please provide as thorough an explanation for your choices as you can (avoid using explanations such as see my previous
response).

Your explanations will be used to assess your understanding of inquiry in the context of each teaching situation. 

This assessment will take about 45 minutes to complete. You need to submit all of your answers in one sitting.

If you have any questions, please do not hesitate to call (808-956-4920) or send me an email (tsistudy@hawaii.edu).

(This instrument is adapted from the Western Michigan University's Pedagogy of Science Teaching Test.)

APPENDIX B
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Question 1 out of 7

TSIA Follow-up Inquiry Teaching Assessment

Lesson on Thermometers and How They Work

Objective:
Students develop an understanding of the basic structure and mechanisms of thermometers.

1a. Four different 5th grade teachers each use a different approach. Whose approach below do you believe
best provides an inquiry-based approach to teaching the lesson objective?

*

A. Ms. Ash says, “Today you will make a mystery device, see how it behaves, and then tell me what you think it is for.” Each group
has a bottle, a cork, a straw, and colored water, which they put together as she shows them. Students then explore what happens if
they hold the bottle in their hands or in hot or cold water, etc. Students are then to explain what their product can be used for, what
to call it, and how it works.

B. Ms. Brown says, “You will be discovering something for yourselves today.” Each group has a bottle, a cork, a straw, and colored
water. She does not tell students how to assemble the materials or what they are for, but asks them to figure this out for themselves
and to try anything they wish. Students are then to explain what their product can be used for, what to call it, and how it works.

C. Ms. Connolly writes the lesson title “Thermometers” on the board, draws a thermometer diagram and labels the parts. She then
carefully explains how it works. She leads discussion based on student questions. Then groups try out various thermometers at
their benches; for example, in hot and cold water.

D. Ms. Dole asks the class, “What do you already know about thermometers?” She lists responses on the board. Working from
some of these, she draws a thermometer on the board and explains how a thermometer works. Then groups try out various
thermometers at their benches; for example, in hot and cold water.

1b. Please explain why you selected this teacher's approach for the lesson. In your explanation, show what
you know about teaching science as inquiry.

*
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Question 2 out of 7

TSIA Follow-up Inquiry Teaching Assessment

Lesson on Finding the Density of a Mystery Substance

Background:
Mr. Cobb’s 8th-grade students have learned the concept of density in class by measuring the mass and
volume of solid geometric objects. Students have also learned how to measure the volume of solid geometric
objects using the liquid displacement method.

Task:
Mr. Cobb gives students an application experiment where they have to apply their knowledge of density. He
provides a mystery element, which is insoluble in water and is in granular form. The students’ challenge is to
devise a method of finding the density of this substance, record the data, calculate the density, and suggest
what the mystery element might be. (They will have to use a water displacement method to measure volume
since there are air spaces between granules.)

2a. Thinking about teaching science as inquiry, which one of the following approaches would you suggest that
Mr. Cobb use for this activity?

*

A. Have students first propose a method they intend to use. Students then discuss this with the teacher, get feedback, revise their
plans if necessary, and then go ahead with their experiment.

B. Leave students to their own devices as much as possible. The teacher asks students to work out a method on their own and to
decide what measurements to take and how. Students then write up their method, experiment, and results in their own way.

C. Provide students with lab worksheets that have headings for the main steps in the procedure, blank tables for students to enter
experimental data, and suitable spaces for calculations, results, and conclusions.

D. Provide students with a lab instruction sheet which outlines the experimental method. Students follow this procedure and record
data in their own lab notebooks. They then calculate density and write up their results in their own way.

2b. Please explain why you selected this approach for Mr. Cobb's class. In your explanation, show what you
know about teaching science as inquiry.

*
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Question 3 out of 7

TSIA Follow-up Inquiry Teaching Assessment

Handling Student Misconceptions in Finding the Density of a Mystery Substance

Background:
Mr. Cobb’s 8th-grade students have learned the concept of density in class by measuring the mass and
volume of solid geometric objects. Students have also learned how to measure the volume of solid geometric
objects using the liquid displacement method.

Task:
Mr. Cobb gives students an application experiment where they have to apply their knowledge of density. He
provides a mystery element, which is insoluble in water and is in granular form. The students’ challenge is to
devise a method of finding the density of this substance, record the data, calculate the density, and suggest
what the mystery element might be. (They will have to use a water displacement method to measure volume
since there are air spaces between granules.)

3a. One group of students decides to measure the volume of their granular sample by pouring the sample dry
into a measuring cylinder. This will give an inaccurate value for the actual volume of granules because of air
spaces. How do you think Mr. Cobb should address this?

*

A. Tell them immediately that this method will give the wrong volume because of air spaces in the sample, and that they should use
the water displacement method instead.

B. Before they go any further, ask them to think about their volume measurement, and prompt the idea of air spaces between
granules if necessary. Once they recognize the problem, ask them to think of another method and then to continue.

C. Let them go through with the experiment using their method, allowing them to calculate an inaccurate density value and to
suggest a possible element. If students do not notice the error, bring their attention to the anomalous result and ask them to think of
an alternative method. Then, have them re-do the experiment.

D. Let them go through with the experiment using their method, allowing them to calculate an inaccurate density value and to
suggest a possible element. But, do not ask students to re-do the experiment correctly; rather, have them attribute their anomalous
result to “experimental error”.

3b. Please explain why you think Mr. Cobb should take this approach. In your explanation, show what you
know about teaching science as inquiry.

*
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Question 4 out of 7

TSIA Follow-up Inquiry Teaching Assessment

Lesson on Air as a Material Substance

Objective:
Ms. Harvey wants her 4th grade students to realize that air is a substance (is matter) with certain properties
that are evidence for that.

Background:
She leads into the topic by saying: “Here are some questions of interest about air. Is it some sort of substance,
or not? Air is invisible, so is there really something there? And how could we be sure if there was something
there or not?”

4a. After this opener to the lesson, and thinking about teaching science as inquiry, how do you think Ms.
Harvey should continue? (Focus on overall approach rather than minor points of detail.)

*

A. Tell the students that, yes, air is a substance. Say that although air is not very dense, there is something there that can be felt,
exerts pressure, and occupies space. Then demonstrate these properties by showing how air can be felt (as wind from a fan), and
by blowing up a balloon (showing the pressure and space aspects).

B. Tell the students that, yes, air is a substance. Say that although air is not very dense, there is something there that can be felt,
exerts pressure, and occupies space. Then let each student experience feeling air (as wind from a fan), and have them each blow
up a balloon (to see the pressure and space aspects).

C. Ask the students, “How can we tell if air is a substance or not and what could we do to test this?” Take students’ suggestions,
then guide groups toward feeling wind from a fan and blowing up balloons themselves in order to see evidence for these air
properties. To close the lesson, groups report back to the class on the various things they did and what they found.

D. Ask student groups to think up ways to test if air is a substance. Then let them go ahead and try these as they wish, using any
equipment they request that is available. Ms. Harvey should not prescribe, suggest, or interfere, but be available for individual help
or discussion. To close the lesson, groups report back to the class on the various things they did and what they found.

4b. Please explain why you selected this approach for Ms. Harvey. In your explanation, show what you know
about teaching science as inquiry.

**

*
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Question 5 out of 7

TSIA Follow-up Inquiry Teaching Assessment

Planning the First Steps in a Lesson on the Reflection of Light

Objective:
By the end of the lesson, Ms. Baker wants her 8th grade students to know how a light beam reflects when it
strikes a mirror, and to be able to state and apply the law of reflection. Formally, this is “When a ray of light
strikes a mirror surface, it reflects such that the angle of reflection is equal to the angle of incidence.”

5a. Ms. Baker has to decide on an approach for starting the lesson. Thinking about teaching science as
inquiry, which one of the following first steps do you think she should use?

*

A. Start by writing the law of reflection of light on the board, illustrating it with a diagram, and explaining it. With a light beam, a
mirror, a protractor, and paper at each lab bench, students then model the illustration.

B. Using a light beam and mirror, start by demonstrating what happens when a light beam strikes a mirror. With a light beam, a
mirror, a protractor, and paper at each lab bench, students then model the demonstration.

C. Start by having the students try out what happens to a light beam when it strikes a mirror. Provide each lab bench with a light
beam, a mirror, a protractor, and paper. Encourage students to come up with specific questions about light behavior.

D. Start by having students find out what they can about light behavior. Provide each lab bench with a light beam, a mirror, a
protractor, and paper. Do not prescribe a specific goal for students.

5b. Please explain why you selected this approach for Ms. Baker's class. In your explanation, show what you
know about teaching science as inquiry.

*
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Question 6 out of 7

TSIA Follow-up Inquiry Teaching Assessment

Planning the Second Part of the Lesson on the Reflection of Light

Objective:
By the end of the lesson, Ms. Baker wants her 8th grade students to know how a light beam reflects when it
strikes a mirror, and to be able to state and apply the law of reflection. Formally, this is “When a ray of light
strikes a mirror surface, it reflects such that the angle of reflection is equal to the angle of incidence.”

6a. Student groups, at their lab benches, have already used the light beam, a mirror, a protractor, and paper to
have hands-on experience with the reflection of light. Now, Ms. Baker has to decide what she will do next. To
get students to think like scientists and to reach the lesson objective, which activity below do you think she
should use?

*

A. Draw several different paths of light on an illustration on the board and ask students to explain why each one is the correct or
incorrect path. Ms. Baker should then finish the lesson by restating to the class the formal law of reflection.

B. Using the formal law of reflection, written on the board and illustrated with a ray diagram, Ms. Baker should ask student groups
to verify whether their findings at their benches matched the diagram. If there are findings that do not match the law, she should
have the class discuss the groups’ methods and reasons for the discrepancy.

C. Ask students to present their groups’ hypotheses and findings to the class. The class discusses the findings and together
formulates a law of reflection. Ms. Baker should then state the formal law of reflection and have students compare their law to the
formal law.

D. Ask students to present their groups’ observations and discoveries to the class. The teacher then combines the groups’
observations and discoveries into a large table, which the class then discusses. Ms. Baker should then finish the lesson by stating
the formal law of reflection.

6b. Please explain why you think Ms. Baker should take this approach. In your explanation, show what you
know about teaching science as inquiry.

*
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Question 7 out of 7

TSIA Follow-up Inquiry Teaching Assessment

Lesson on Force and Motion (Newton’s Second Law)

Objective:
The instructional goal is for students to learn that a net force will cause an object to change (speed up or slow
down) its motion. This is Newton’s Second Law.

7a. Four 5th-grade teachers all have the same teaching equipment available, including a loaded wagon to
which a pulling force can be applied. But, they have different approaches to teaching this topic and they
design their lessons differently. Of the following approaches, which approach do you believe is the best way to
teach students to think like scientists?

*

A. Mr. Adams writes up a clear statement of Newton’s Second Law, and explains it carefully. He then demonstrates the law by
pulling a loaded wagon in front of the class as students observe the motion and record what they see. The teacher asks students to
restate the law while he pulls the wagon again.

B. Mr. Brandt writes up a clear statement of Newton’s Second Law, and explains it carefully. He then has groups of students verify
the law by pulling a loaded wagon, following his instructions and lab worksheet.

C. Mr. Campos raises the question, “What kind of motion results if there is constant force on an object?” He guides groups of
students to explore this themselves by pulling a loaded wagon and observing what happens. From the evidence, they then propose
a possible law. The teacher then introduces Newton’s Second Law.

D. Mr. Doyle raises the question of whether there is any relationship between force and motion. Groups of students are free to
explore this in any way they wish, using any suitable and safe equipment in the lab. He does not interfere but helps with any
equipment that students request. Groups report back to the class with findings. The teacher then asks students what they know
about Newton’s Second Law.

7b. Please explain why you selected this teacher's approach for the lesson. In your explanation, show what
you know about teaching science as inquiry.

*

220



TSIA Follow-up Classroom Instruction Questionnaire

Classroom Instruction Questionnaire

The purpose of this questionnaire is to learn about your science teaching practices and your beliefs about your
ability to implement inquiry-based teaching. The results will help us to understand the long-term effects of the
TSI-A project.

This questionnaire will take about 10 minutes to complete. Please carefully read each question. You will need
to submit all of your answers in one sitting.

All the best, 
Lisa 

AAPPENDIX C
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Classroom Instruction Questionnaire

TSIA Follow-up Classroom Instruction Questionnaire

Never Rarely Sometimes Often Always

1. Students in my science classes talk with each other about how
to solve problems.

2. Students in my science classes learn how science can be part
of their daily lives.

3. Students show respect for the ideas of others in my science
classes.

4. Students in my classes share knowledge in the classroom
science laboratory.

5. Students identify sources of error in experimental data in my
classes.

6. Students propose alternative explanations to phenomena in my
science classes.

7. My science students like to keep their data to themselves.

8. Students in my science classes work best individually.

9. Students in my science classes use mathematics to support
convincing explanations.

10. Students in my science classes are able to interpret graphs.

11. Students in my science classes offer to explain their ideas to
one another.

12. A grade is sufficient feedback for my science students.

13. Students in my science classes explain their ideas to each
other.

14. Students in my science classes discuss the connections
between classroom learning and their daily lives.

15. I provide science students with needed feedback to improve
their work.

16. My primary assessment of students focuses on completion of
work.

17. I use multiple science assessment types (e.g., quizzes,
projects, reports, or lab practicals).

Part 1.
Instructions for Items 1–36
Please reflect on the activities that you and your students do in your science classroom. For each item, select
the answer that best reflects your classroom.

222



18. Part of my job is to supply materials, tools, and resources for
my science students.

19. New data from science investigations can change students'
ideas.

20. My students feel safe in expressing themselves in science
discussions.

21. My science students learn best when they work alone.

22. My science classroom supports collaboration among
students.

23. My science classroom is arranged for interaction among
students.

24. It is more important to teach for content than to teach for
broad conceptual understanding.

25. In my science classroom, students must support statements
with evidence.

26. In my science classes, learning science content is more
important than learning science processes.

27. If students ask me if their data are correct, I answer yes or no.

28. Teachers should use a variety of assessments in the science
classroom.

29. Students in my science classes have opportunities to talk to
each other about their classroom work.

30. I provide feedback to my science students.

31. I provide examples of how science concepts apply to daily life.

32. I ask students to evaluate their own data or conclusions.

33. I like to keep science student desks in straight rows.

34. I ask students in my science classes why they think their
answers are correct.

35. I change my science teaching based on assessment results.

36. I ask students if they agree or disagree with data presented
by their peers.

Never Rarely Sometimes Often Always
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Classroom Instruction Questionnaire

TSIA Follow-up Classroom Instruction Questionnaire

Low
ability

1 2 3 4 5

High
ability

6

37. My ability to include various modes of inquiry in my science
classroom.

38. My ability to provide students with an activity, demonstration,
or other experience which will address a problem or question that
will be the focus of inquiry.

39. My ability to direct students to identify a problem or to pose a
question that will become the intended focus of inquiry.

40. My ability to direct students to consider or explore possible
approaches, procedures, and outcomes that will address a
scientific problem or question.

41. My ability to direct students to develop a hypothesis that will
address a problem or question.

42. My ability to direct students to develop, design, or identify a
procedure that will address a problem or question.

43. My ability to direct students to invent or identify a means of
collecting data.

44. My ability to direct students to implement the procedures and
to revise them when needed.

45. My ability to direct students to assess the quality of the
procedures.

46. My ability to direct students to test a hypothesis.

47. My ability to direct students to evaluate the quality of their
plan, procedure, and results.

48. My ability to direct students to evaluate whether the data
collection occurred as they had predicted.

49. My ability to direct students to discuss whether their
procedures were appropriate for addressing the problem or
question.

50. My ability to direct students to become aware of their own
thinking processes.

51. My ability to direct students to think like scientists.

Part 2.
Instructions for Items 37-51 
Please select the number that best estimates your ability as a science teacher to implement the
activity.
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TSI-A Follow-up Study: Teacher Content Assessment

Teacher Content Assessment

This is an assessment addressing some of the content covered in the TSI-A project. Your responses will help us understand the project's
effect on teachers' content knowledge. In the original project everyone's scores increased from pre- to post-project on the content
assessments. The purpose of this assessment is not to evaluate your knowledge of this content, rather, it is to examine the longevity of
the participant content knowledge of the concepts covered in the professional development. 

This assessment will take about 40 minutes to complete. You will need to submit all of your answers in one sitting.

Directions:
Please answer each of the questions to the best of your ability (work on your own, without consulting any materials or other people). For
each question, select the single best answer. Be sure to read the entire question and all possible answers.

Please email me if you have any questions! 
Lisa

tsistudy@hawaii.edu

1. Which of the following best describes the distribution of saltwater on Earth?*

There is one ocean.

There are four oceans.

There are five oceans.

There are seven oceans.

APPENDIX D
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2. Which of the following is the most dense?*

Cold salty water

Warm salty water

Cold fresh water

Warm fresh water

Use this figure to answer Question 3.

3. Which graph shows the correct relationship in liquid water?*

Graph A

Graph B

Graph C

Graph D

4. The warm Amazon River flows into the warm Atlantic ocean basin. What do you expect will happen?*

The river and ocean water will mix evenly.

The river water will be repelled by the ocean water, and flow back up the river.

The river water will sink in the ocean.

The river water will float on the ocean water.

5. When an object is subsurface floating (neutrally buoyant):*

the gravitational force is greater than the buoyant force.

the buoyant force is greater than the gravitational force.

the gravitational force and the buoyant force are equal.
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6. Imagine that the moon suddenly disappeared. What would happen to the tides in Earth’s oceans?*

The tides would be the same as before the moon disappeared.

There would only be smaller tides caused by the sun.

There would be a permanent low tide everywhere.

There would be no tides.

Use the following figure to answer Question 7.

7. If you could look down from space at Earth from far above its north pole, the sun and moon would be in the
directions shown by the arrows in the picture above. What would the moon look like to a person on Earth
facing the moon? (Select from among the boxes above labeled A through E. )

*

A

B

C

D

E

8. The Moon ________ on its axis. (Select the best choice to fill in the blank.)*

rotates once a day

rotates once a month

rotates once a year

does not rotate
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Use the following figure to answer Question 9.

9. Look at the figure above. In Container A, there are three different objects with the same size and shape,
and each is either floating, subsurface floating, or sinking. Which of these three objects would you use to see if
the liquid in container B is more or less dense than the liquid in container A?

*

Object #1

Object #2

Object #3

10. Water can be separated into its elemental components of hydrogen and oxygen by:*

boiling, condensing, and then freezing.

digestion by ultraviolet sensitive bacteria.

passing an electric current through liquid water.

heating to high temperature (e.g., in volcanic eruptions).

11. Chemically separating water into its elemental components is what kind of reaction?*

Single replacement

Double replacement

Synthesis

Decomposition

12. Which of the following forces best explains the surface tension of water?*

Ionic bonds

Non-polar covalent bonds

Strong forces

Hydrogen bonds
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13. After you take a shower, your hair remains wet for some time. The property of water that helps explain its
wetting ability is:

*

adhesion.

cohesion.

surface tension.

holding capacity.

14. Hydrogen bonds are ____________ caused by the ____________ sharing of electrons in the O-H bond.

(Please select the pair of terms that correctly fills in the blank spaces.)

*

bonds within the water molecule, equal

intermolecular forces between water molecules, equal

bonds within the water molecule, unequal

intermolecular forces between water molecules, unequal

Use the figure below to answer Question 15. Tube A shows how water appears in a glass tube. Tube B shows how the same
volume of mercury appears in a glass tube. Why do water and mercury take on different shapes in a glass tube?

15. The ____________ forces between molecules of mercury are stronger relative to the ____________
forces between the molecules of mercury and those of the container.

(Please select the pair of terms that correctly fills in the blank spaces.)

*

cohesive, cohesive

cohesive, adhesive

adhesive, adhesive

adhesive, cohesive
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16. Water is a good solvent for salts because it:*

is a polar compound.

is a very cohesive liquid.

dissolves nonpolar substances easily.

has a high surface tension.

17. Although water is often called the "universal solvent" for its ability to dissolve a large range of matter, water
is not an effective solvent of oil. This is because:

*

water is denser than oil. 

oil is a nonpolar compound.

oil is more cohesive than water.

oil is made largely of carbon. 

18. Which of the following substances will most increase the conductivity of pure water?*

Sugar

Alcohol

Starch

Baking soda

19. Which of the following is the best example of a chemical change?*

Osmosis of water

Electrolysis of water

Distillation of water

Dissolution of salt in water

Use the figure below to answer Question 20. 
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20. Which of the compounds above is/are very likely to be polar?*

A and B

A and C

B and C

only C

21. Which of the following is the most accurate statement about scientific laws?*

They are general descriptions explaining events that occur under a broad range of conditions. 

They can change based on the rulings of the scientific authority. 

They can incorporate facts, theories, and tested hypotheses.

They mathematically predict the behavior of natural phenomena. 

22. Which of the following represents a scientifically correct use of the word theory?*

The scientist proved her theory about ocean pH in an experiment. 

It is a well-known theory that shaving your hair makes it grow back thicker. 

Gene theory describes how hereditary information is transmitted. 

Newton had a theory that force is proportional to acceleration or F = ma. 

23. Why is the law of gravity not considered a theory?*

There is not enough experimental evidence to elevate it to a theory.

One person alone, Newton, cannot establish a theory. 

It is concrete and well-supported by evidence. 

It predicts or describes events rather than explaining them. 

24. In what statement is the bolded word used correctly?*

My hypothesis is that if I hear creaking sounds at night, my house is haunted. 

In my opinion, if I make both vanilla and chocolate cupcakes, more people will eat the chocolate cupcakes. 

My theory is that it was the salad at the party that caused everyone to get sick.

Newton's law of inertia causes you to keep moving forward a bit if the car you are riding in stops moving. 
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25. Of the following statements, which is most correct in explaining why evolution by natural selection is
considered a theory?

*

It is the best-supported explanation of the world based on evidence.

It incorporates a number of scientific laws. 

It is the prevailing hypothesis among scientists. 

It has been tested and observed to the point that it no longer needs testing. 

26. The role of the fish operculum is to:*

protect the gills. 

help the fish detect water movement. 

help the fish maintain neutral buoyancy. 

help filter-feeding fish consume plankton. 

Use the picture directly below to answer question #27. 

27. Which of the fin(s) in the figure directly above is/are not positioned farther forward (towards the fish's
head) in the more evolutionarily advanced fishes?

*

A

B

C

D

Use the figure directly below to answer question #28.
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28. A phylogenetic tree (such as the one directly above) shows:*

cartilaginous fish are central in the evolution of fish.

common ancestry.

kingdom classification.

shared ecological niches.

Use the figure directly below to answer question #29.
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29. Lake Malawi is a lake that has many different species of cichlids (see picture directly above). This is an
example of:

*

changing adaptations.

population interbreeding. 

species radiation. 

gene regulation. 

30. Variation in populations arises through:*

replication.

mutation.

environmental pressure.

geologic change.

31. Microevolution is:*

change within a population. 

change within an individual. 

the evolution of a new species. 

the evolution of small changes. 

32. Even when you use a reliable random sampling method and have a good sample size, your data might not
represent that of the whole population. For this reason, scientists generally:

*

prefer to conduct a census where all individuals are represented. 

disregard samples that are unrepresentative due to random variation. 

take multiple samples and calculate the probability of accuracy. 

modify sampling techniques for each data point collected to ensure representative sampling. 

33. Which of the following is true of systematic sampling?*

It is not a valid way to survey an area when random sampling is possible. 

It characterizes an environment but does not allow us to generalize beyond the specific sample. 

It is an appropriate way of characterizing an environment, depending on the survey goal. 

It is used to collect information about every item you are interested in studying in an area. 

234



34. Clancy wants to describe the fish population in a pond. Which of the following is the most important issue
in designing his sampling procedure?

*

Taking as many fish samples as possible. 

Making sure the study design allows him to answer his study questions. 

Making sure he measures the number of fish with a least three different sampling strategies. 

Making sure sampling locations within the pond are randomly chosen. 

35. Jordan does an experiment on his students. He places a handful of carrots in the middle of the room and
the entire bag of chocolate kisses in the corner of the room in identical glass bowls. At the end of the day,
there are no carrots left but there are lots of chocolate kisses remaining, so Jordan thinks his students like
carrots better than chocolate. What is the biggest mistake in Jordan's experiment?

*

Jordan did not repeat the procedure multiple times. 

Jordan does not have a control variable for this experiment. 

Jordan did not standardize enough variables to be able to compare preferences. 

Jordan chose variables that are not comparable—chocolate and vegetables. 

36. Which of the following is the most appropriate strategy for sampling high mobile organisms like fish?*

transect point intercept

quadrat point intercept

quadrat percent cover

timed visual estimate

37. Which of the following is the most appropriate sampling strategy for quickly studying the substrate in a
large area (such as the deep ocean floor) that is dominated by a few species?

*

transect point intercept

quadrat point intercept

quadrat percent cover

timed visual estimate

38. The transect point intercept sampling method would work best in:*

a complex high relief area, like a coral reef. 

an area with many active mobile organisms, like a forest canopy. 

a large uniform area, like a field or sandy beach.

a location with many small cryptic organisms, like a tidepool. 
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39. A kelp forest has been altered through predation by a population of sea urchins. There are still many
species, but the numbers of individuals of most species were depleted. Despite predation, this area still has
high species:

*

biodiversity. 

abundance. 

evenness. 

richness. 

40. Which of the following fish tanks has the highest species evenness?

Tank A: 3 brittle stars, 2 sea cucumbers, 15 urchins, 1 cichlid, 6 oysters, 64 snails, 40 mussels
Tank B: 6 shrimp, 5 flatworms, 4 crabs, 5 sea slugs, 6 wrasse
Tank C: 964 blennies, 321 gobies
Tank D: 4 dolphins, 1 great white shark, 1 humpback whale

*

Tank A

Tank B

Tank C

Tank D

41. An oceanographer needs to go out in a boat to retrieve an important temperature-and-salinity data logger
that is attached to an underwater stake on a coral reef. When the oceanographer's Global Positioning System
(GPS) indicates that she is at the location of the stake, she anchors the boat and jumps in the water to collect
the data logger. However, she can't find the stake. The other GPS units belonging to her colleagues on the
boat also indicate that they are at the correct location. After an extensive search, the oceanographer finds the
stake 50 meters (m) from the boat. Assuming the stake was at its assigned location, the GPS units in this
scenario were:

*

accurate but not precise. 

precise but not accurate. 

accurate and precise. 

neither accurate nor precise. 
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Content Knowledge Assessment Blueprint

Module Item No. Content p-value change p-value pre pbcor Item-total cor

1 1 one ocean 0.46 0.43 0.66 0.63

1 9 density 0.14 0.82 0.35 0.32

1 10 density 0.14 0.54 0.48 0.42

1 12 density 0.21 0.75 0.32 0.29

1 19 density 0.14 0.82 0.43 0.41

1 21 moon/tides 0.18 0.68 0.64 0.61

1 22 moon/tides 0.32 0.36 0.50 0.45

1 24 moon/tides 0.32 0.46 0.19 0.13

1 30 density 0.21 0.71 0.46 0.43

2 3 electrolysis 0.18 0.79 -0.12 -0.14

2 5 electrolysis 0.25 0.68 0.25 0.21

2 10 water properties 0.32 0.46 0.74 0.71

2 11 water properties 0.36 0.54 0.22 0.18

2 13 water properties 0.14 0.39 0.54 0.49

2 15 water properties 0.14 0.61 0.27 0.21

2 18 solubility/conductivity 0.14 0.54 0.77 0.73

2 19 solubility/conductivity 0.18 0.57 0.75 0.72

2 21 solubility/conductivity 0.46 0.54 n/a n/a

2 28 electrolysis 0.43 0.50 0.21 0.17

2 34 water properties 0.14 0.43 0.73 0.69

3 4 sci lang 0.36 0.25 0.31 0.25

3 5 sci lang 0.25 0.57 0.33 0.28

3 8 sci lang 0.29 0.29 0.53 0.47

3 9 sci lang 0.25 0.21 0.20 0.13

3 11 sci lang 0.14 0.71 0.37 0.32

3 18 fish 0.36 0.54 0.43 0.39

3 19 fish 0.14 0.07 0.24 0.18

3 21 fish 0.18 0.68 0.55 0.51

3 28 evolution 0.18 0.57 0.73 0.69

3 29 evolution 0.18 0.71 0.48 0.45

3 33 evolution 0.29 0.54 0.29 0.24

4 2 sampling 0.18 0.82 n/a n/a

4 3 sampling 0.25 0.43 0.64 0.59

4 5 sampling 0.18 0.43 0.23 0.16

4 6 sampling 0.14 0.68 0.14 0.08

4 8 abundance 0.43 0.36 0.34 0.28

4 10 abundance 0.14 0.25 0.51 0.45

4 13 abundance 0.32 0.32 0.59 0.54

4 17 abundance 0.29 0.14 0.35 0.28

4 18 abundance 0.18 0.71 0.57 0.54

4 20 sampling 0.14 0.32 0.48 0.42
Note. Item numbers from original questionnaires, correlations to final test (of 41 items, not original 141 items)
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Teaching Science as Inquiry 
Aquatic Professional Development 

Follow-up Interview
Spring 2016

1

Logistics
• What subject(s) and grade(s) have you taught since you 

participated in the TSI PD (ended spring 2013)? At what 
school(s)? 

• Briefly describe any significant professional development 
experiences you have had since the end of the TSI PD. 

• Please share your contact information for us (for stipend 
purposes). 

• Please share a contact number I can reach you at in case 
something happens to the internet connection during the 
interview.

2

2

Introduction

• Confidential (your name will not be shared in any 
presentations or publications based on these results)

• Not an evaluation of you

• Please be forthright and honest

3

3

Practical Significance

• What do you think is the most significant content you 
learned as a result of participating in the TSI PD?

• What do you think is the most significant pedagogical 
method or strategy that you learned as a result of
participating in the TSI PD? 

4

4
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Application

• To what extent have you applied what you learned in the 
PD to your teaching practice? 

Please explain your rating. 

• What, if anything, has enhanced or hindered the degree 
to which you can apply what you learned in the PD? 

5

1 32 4 5 76Not at all Very much

5

Implementation

• How much would you say you have implemented TSI-A 
activities? (none, a few, several, a lot)

• What are your primary reasons for implementing TSI-A 
activities?

• If you modify or customize TSI-A activities when you 
implement them, please explain how and why.

• What, if anything, has enhanced or hampered the degree to 
which you have used the activities? 

6

6

Teaching Practice

Do you think your teaching practice changed as a result of 
participating in the TSI PD? 

• If you believe it has changed, please describe how. 

• If it has not changed, why do you think that is?

• If you think the PD did not change your teaching practice, do 
you believe it confirmed existing practices, and if so, what?

7

7

Professional Trajectory

How do you think the TSI PD fit into your overall learning and 
professional growth?

What could we have offered that would have helped sustain 
the implementation of TSI-A in your teaching?

8

8
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Parting Comments

Do you have any additional thoughts or comments? 

Thank you for you time!

9

9

240



APPENDIX G 
 

Examinations of Non-Normality 

 

Table G.1 

Shapiro-Wilks Test of Normality for Quantitative Instruments  

Difference scores between time points W(23) p-value 

Inquiry Teaching Assessment   

Pre-PD to post-PD .964 .547 

Post-PD to follow-up .979 .885 

Pre-PD to follow-up .931 .115 

Content assessment    

Pre-PD to post-PD .980 .907 

Post-PD to follow-up .952 .321 

Pre-PD to follow-up .950 .291 

Pedagogical content knowledge assessment   

Pre-PD to post-PD .965 .565 

Post-PD to follow-up .794 < .001** 

Pre-PD to follow-up .935 .138 

Self-efficacy assessment   

Pre-PD to post-PD .896 .021* 

Post-PD to follow-up .913 .048* 

Pre-PD to follow-up .956 .393 
 

*p < .05. (two-tailed), **p < .01. (two-tailed) 

 

Figure G.1 

Histogram of the Pedagogical Content Knowledge Assessment Difference Scores Between the 

Post-PD and Follow-up Time Points 
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Figure G.2 

Histogram of the Self-Efficacy Assessment Difference Scores Between the Pre-PD and Post-PD 

Time Points 

 

  
 

Figure G.3 

Histogram of the Self-Efficacy Assessment Difference Scores Between the Post-PD and Follow-

up Time Points 
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