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Abstract: The purpose of this study was to compare the ability of different instruments, independently

developed and traditionally used for measuring science teachers’ beliefs in short-term interventions, to

longitudinally measure teachers’ changing beliefs. We compared the ability of three self-report instruments

(Science Teaching Efficacy Belief Instrument Form A [STEBI], Teaching of Science as Inquiry instrument

[TSI], Inquiry Teaching Beliefs instrument [ITB]) and one observational instrument (Reformed Teaching

Observation Protocol [RTOP]) to appropriately measure high school chemistry teachers’ beliefs as they

engaged in a two and a half year professional development program.Collectively our findings from these four

instruments, across three separate cohort of teachers (N¼ 16), indicated conflicting changes in teacher

beliefs. For example, the STEBI indicated teachers’ self-efficacy remained unchanged or increasedwhile the

TSI indicated a concurrent decrease in self-efficacy throughout the PD program. Additionally, the ITB

seemed to indicate a decrease in teachers’ knowledge of inquiry while their interview data and RTOP scores

indicated a concurrent increase in their knowledge of and ability to enact inquiry-based practices. We

reconcile these conflicting results and discuss the implications these findings have for validly and reliably

measuring science teacher belief changeswithin longer duration PD. # 2016 Wiley Periodicals, Inc. J Res

Sci Teach 53: 1055–1081, 2016

Keywords: long-term professional development; science teacher beliefs; self-report instruments;

observational instruments

There has been a longstanding national call for inquiry to be embedded in K-12 science

classrooms (American Association for the Advancement of Science, 1993; National Research

Council, 1996, 2000, 2012). Inquiry instruction emphasizes teacher facilitation of students pulling

from their schemas and engaging in evidence-based argument and explanation about inves-

tigations (National Research Council, 1996, 2012). Further, when inquiry is central in science

classrooms, students of all abilities and backgrounds are more capable and more likely to engage

with science as argument and explanation (Basu & Barton, 2007; Seiler, 2001). Despite the
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benefits of and persistent calls for reform, most evidence indicates that science instruction in US

classrooms is not nor has ever been significantly inquiry centered (Crawford, 2007; Crippen,

2012). Constraints that influence this disparity between what is needed in science instruction and

what teachers implement inK-12 science classrooms can include traditional habits ingrained from

teachers’ prior experiences as students (de Vries, Jansen, Helms-Lorenz, & van de Grift, 2014);

limited or compartmentalized subject knowledge (Flores, Lopez, Gallegos, & Barojas, 2000;

Roehrig&Luft, 2004); limited knowledge of inquiry (Wallace&Kang, 2004); heavy dependence

on curriculum materials such as textbooks (Devetak & Vogrinc, 2013); and a positivist view of

science, (Abd-El-Khalick, Bell, & Lederman, 1998; Crawford, 2007). However, these constraints

are not insurmountable for teachers since providing them with professional development (PD)

opportunities to deepen their conceptual and practical understanding of science, inquiry, and

pedagogical content knowledge can transform their beliefs about science instruction (Wallace &

Kang, 2004;Wilson, Floden,&Ferrini-Mundy, 2002).

PD opportunities that deepen teachers’ conceptual and practical understanding of science,

inquiry, and related pedagogy can transform their beliefs about science instruction reform

(Herrington,Yezierski, Luxford,&Luxford, 2011; Lumpe,Vaughn,Henrikson,&Bishop, 2014;

Wallace &Kang, 2004). Further, transformation of teachers’ beliefs about teaching and learning

science can help them to overcome the constraints commonly associated with implementation of

reformed instructional practices (vanDriel,Meirink, vanVeen,&Zwart, 2012;Wallace&Kang,

2004). PD capable of transforming teachers’ beliefs, not just their knowledge, about science,

inquiry, and related pedagogy is crucial to science instruction reform because beliefs are “far

more influential than knowledge in determining how individuals organize and define tasks and

problems and are stronger predictors of behavior” (Pajares, 1992, p. 311). Nonetheless, teachers’

beliefs about teaching and learning are idiosyncratic and can be very resistant to change

(Brownlee, Boulton-Lewis, & Purdie, 2002; van Driel et al., 2012). The unique set of teacher

beliefs that must be transformed to enable teachers’ enactment of inquiry-based practices makes

understanding howPDprograms promote these transformations vital to national reform (Enderle

et al., 2014).

Fundamental to understanding how PD programs work to transform teachers’ instructional

practices are instruments that generate valid and reliable data that empirically capture belief

transformations within the contexts associated with these transformations (Bleicher, 2004).

However, measuring changes in science teachers’ beliefs is problematic (Mansour, 2009)

because “there are no clear logical rules for determining the relevance of beliefs to real-world

events and situations” (Nespor, 1987, p. 321). This problem is compounded by a rising need for

PD interventions with increased duration (both total number of contact hours and time span over

which the PD takes place) to effectively reform teacher practice (Garet, Porter, Desimone,

Birman, & Yoon, 2001; Klassen & Chiu, 2010; Loucks-Horsley, Stiles, Mundry, Love, &

Hewson, 2010; Yezierski & Herrington, 2011) while there remains a lag in the specific

development of tools to longitudinally measure teachers’ beliefs about science, inquiry, and

reformed instructional practices. Further complicating this problem is the plethora of instru-

ments that have been designed to measure related but different outcomes of science teachers’

beliefs and have been developed independently from each other; therefore, when used together

measurements can lack consistency and coherency (Heath, Lakshmanan, Perlmutter, & Davis,

2010). As a part of an ongoing exploration of the effects of the two and half year long Target

Inquiry (TI) PD program on in-service chemistry teacher beliefs, a primary purpose of this study

was to detail the challenges encountered in longitudinally measuring teachers’ changing beliefs

using instruments developed and traditionally used for measuring science teachers’ beliefs in

short-term interventions.
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Theoretical Framework and Background Literature

Conceptualizing Beliefs

There are various definitions of beliefs currently in use in science education literature

(Bl€omeke, 2014; Brown & Cooney, 1982; Haney, Lumpe, & Cerniak, 2003; Nespor, 1987;

Pajares, 1992; Rokeach, 1968). We found Pajares’s (1992) conceptualization, shaped in part by

Rokeach’s (1968) work, to be most useful in methodologically framing our understanding and

measurement of teacher beliefs. Pajares’ (1992) synthesis of seminal works on beliefs resulted in

his distilled definition of belief as “an individual’s judgment of the truth or falsity of a proposition,

a judgment that can only be inferred from a collective understanding of what human beings say,

intend, and do” (p. 316). Several studies indicate that the judgmental or evaluative nature of beliefs

and how they connect to teachers’ practice support the need to overlay teachers’ beliefs with

teachers’ content knowledge, views on the nature of science, and pedagogical knowledge to fully

understand what teachers ultimately do in their classrooms (Crawford, 2007; Richardson, 1996;

Savasci & Berlin, 2012; Vermunt, 2014). Teacher beliefs can be broadly conceptualized as a

bridge between their knowledge and teaching (Bl€omeke, 2014).Within this conceptualization of a

bridge, teacher beliefs, practices, and knowledge are cast as connected yet separate from each

other. In contrast, Rokeach’s (1968) conceptualizations of beliefs ascribes a cognitive, affective,

and behavioral dimension to a belief (Figure 1). We accordingly further conceptualize each of

these three dimensions as a component of a teacher’s beliefs rather than separate from them. Even

further, the action an individualmay enact is dictated by the knowledge and feelings the individual

holds about a particular object or context (Rokeach, 1968). That is, an individual cannot enact

behavior for which they possess no related knowledge. Consequently, the relationship among

what an individual knows, feels, and ultimately does (or does not do) within a particular context

are so intertwined it is difficult to meaningfully affect one component without affecting another

component (Rokeach, 1968). Thus, a capture of teachers’ knowledge, feelings, and enactment of

inquiry is needed for a holistic understanding of the beliefs that influence their classroom practice

as opposed to a capture of their knowledge or other belief components in isolation (Crawford,

2007).

Beliefs are also organized in terms of life events or episodes directly derived from personal

experiences or indirectly from sociocultural contexts and institutional rules (Mansour, 2009). This

episodic dimension means beliefs often derive their subjective power, authority, and legitimacy

from vivid experiences or “critical episodes” in individuals’ lives (Nespor, 1987). Long-term PD

Figure 1. Model of a belief based on fromPajares’s (1992) toRokeach’s (1968) conceptualizations.
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programs can move science teachers’ beliefs about teaching and learning that typically underlie

traditional instruction towards reformed beliefs by incorporating experiences that create

opportunities for inquiry-related critical episodes. Experiences that have been shown to

have elements of critical episodes (i.e., they provide teachers with vivid experiences that are

linked to enduring changes in instructional practice), include subject-specific research, pedagogi-

cal research, community, and reflection (Garet et al., 2001; Loucks-Horsley et al., 2010).

Therefore, for in-service science teachers, the degree to which their beliefs about inquiry are

able to change during PD has a complex interdependency on their predisposition towards

reformed practices based on previous critical classroom episodes, their experiences within the PD

program, and the sociocultural environment of their school (Lotter, Harwood, & Bonner, 2007;

van Driel et al., 2012). However, longitudinally tracking and documenting how PD experiences

shape beliefs, if at all, as teachers engagewith these experiences is challenging. This challenge is a

product of both the multidimensional, episodic, and sociocultural nature of beliefs and also

science education researchers’ limitation to measuring beliefs solely through making inferences

from teachers’ statements, intentions, and actions related to inquiry in science teaching and

learning.

Measuring Science Teachers’ Beliefs

Beliefs must be measured inferentially, as an individual’s underlying state is “fraught with

difficulty because individuals are often unable or unwilling, for many reasons, to accurately

represent their beliefs” (Pajares, 1992, p. 314). This poses significant challenges as science

education researchers seek to develop not only tools to measure teachers’ beliefs about inquiry,

but also tools that can longitudinally and holistically capture how those beliefs change through

teacher education or PD programs (Crawford, 2007; Luft & Roehrig, 2007). Resultantly, science

education literature contains numerous methods to assess specific aspects of teachers’ beliefs

(Haney, Lumpe, Czerniak, & Egan, 2002). These methods and related instruments draw from a

multitude of epistemologies and conceptualizations of teacher beliefs. No one instrument exists

that can holistically capture teachers’ beliefs; therefore, the following four instruments were

selected: Science Teaching Efficacy Belief Instrument FormA (STEBI) (Riggs &Enochs, 1990);

Teaching of Science as Inquiry instrument (TSI) (Smolleck, Zembal-Saul, & Yoder, 2006;

Smolleck&Yoder, 2008); InquiryBelief Teaching instrument (ITB) (Harwood,Hansen,&Lotter,

2006); and Reformed Teaching Observation Protocol (RTOP) (Sawada et al., 2002). Collectively,

the tools selected for this study addressed the cognitive (STEBI, TSI, ITB, RTOP), affective

(STEBI, TSI, ITB), and behavioral (RTOP) dimensions of participating teachers’ beliefs within

the context of science instruction. We focus our review on the constructs or rationale behind the

four instruments used in this study. Details related to the administration of each instrument as well

as thevalidity and reliability of the data obtainedwill be discussed in theMethods section.

In our attempt to capture the cognitive and affective components of science teachers’ beliefs,

we chose to use the STEBI and TSI; two Likert-type instruments built on Bandura’s (1977)

constructs of self-efficacy and outcome expectancy. The TSI was modeled after items on the

STEBI and STEBI Form B (Enochs & Riggs, 1990; Smolleck & Yoder, 2008). Self-efficacy is

“concerned with judgments of how well one can execute courses of action required to deal with

prospective situations” (Bandura, 1982, p. 122) and is situated within social learning theory

(Bandura, 1977). Bandura (1977) asserted that self-efficacy is a powerful tool to understand and

predict behavior when applied appropriately. Gibson’s and Dembo’s (1984) findings from the

development of the 30-item Teacher Efficacy Scale, which was among the first instruments found

to provide valid and reliable data to quantitatively measured teachers’ affect and cognition via

their self-efficacy on aLikert scale, supportedBandura’s assertion. Subsequent studies have found
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that self-efficacy beliefs have a powerful influence on “thought patterns, emotional reactions, and

the orchestration of performance through adroit use of subskills, ingenuity, resourcefulness, and

so forth” (Gist & Mitchell, 1992, p.186). However, Bandura (1977, 1986, 2006) has continually

emphasized that self-efficacy measurements have explanatory and predictive power only when

they are specific to a task and the context in which the task must be performed. This specificity

requirement has been shown to be needed in the measurement of science teachers’ self-efficacy

(Raudenbush, Rowan, & Cheong, 1992; Ross, Cousins, Gadalla, & Hannay, 1999). However,

because microscopically defined measures gain predictive power but lose generalizability,

instruments must strike a balance between specificity of measures and applicability of those

measures to other settings (Pajares, 1996). Although balance is difficult to achieve (Tschannen-

Moran, Woolfolk Hoy, & Hoy, 1998), the interest in science teachers’ self-efficacy persists

because there seems to be a strong connection between their self-efficacy beliefs and how much

effort they choose to put forth, their persistence when faced with constraints, and how they cope

with failurewith respect to instructional tasks (Mansour, 2009).

Behavior is also influenced by outcome expectancy, which is a second construct situated

within social learning theory (Bandura, 1977). Outcome expectancy regulates behavior based on

an individual’s judgment of whether their actions will produce a desirable outcome (Bandura,

1995). Although self-efficacy and outcome expectancy both emerge from the level of competence

a person expects they can bring to a specific task within a specific context, they are distinct

constructs (Bandura, 1986, 1997, 2006). Self-efficacy is a judgment of capability to execute

specific taskswhile outcome expectancy is a judgment about the likely outcomes fromperforming

these tasks (Bandura, 2006). Further, self-efficacy beliefs precede and shape outcome expectan-

cies (Bandura, 2006). Bandura’s (1977) theory predicts that “teachers who believe student

learning can be influenced by effective teaching [outcome expectancies] and who also have

confidence in their own teaching abilities [self-efficacy beliefs] should persist longer, provide a

greater academic focus in the classroom, and exhibit different types of feedback than teacherswho

have lower expectations concerning their ability to influence student learning” (Gibson&Dembo,

1984, p. 570 as cited in Riggs & Enochs, 1990). Despite this connection, outcome expectancies

seem to add little to the predictive power of self-efficacy measures (Bandura, 1986; Tschannen-

Moran et al., 1998). Yet, self-efficacy mediates both task performance and outcome expectancy

(Bandura, 1986). Therefore, the inclusion of items addressing teachers’ outcome expectancies can

enhance an instrument’s ability to explain (but not necessarily predict) behavior (Tschannen-

Moran et al., 1998). However, given the inferential nature of beliefs discussed earlier, these

quantitative measures on their own offer incomplete insights into teachers’ beliefs without a

further eliciting of teachers’ internalmodels of science instruction.

To further elicit the internal conceptions of beliefs about inquiry teaching in the science

classroomwe selected the ITB (Harwood et al., 2006). The ITB uses a structured set of prompts to

elicit these beliefs.Methods using instruments or protocols that helpmake teachers’ cognitive and

affective conceptualizations of teaching and learning with inquiry evident through some form of

scaffolding, usually through a consistent set of prompts, is an essential facet of measuring

teachers’ beliefs. Consistent scaffolding is essential because direct questions, that for example ask

teachers to describe their philosophy of teaching, are ineffective and sometimes counterproduc-

tive in eliciting their beliefs (Kagan, 1992). Some of these methods include asking teachers to

think aloud as they analyze classroom vignettes (Akerson & Hanuscin, 2007) or videotaped

performances (Lee, Hart, Cuevas, & Enders, 2004); semi-structured interviews (Luft & Roehrig,

2007); asking teachers to draw concept maps to depict their understanding of particular terms;

discourse analysis of teacher questioning used in their classrooms (Oliveira, 2010); and close

analysis of the language teachers use in their classrooms and descriptions of their thoughts and
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actions (Kagan, 1992). The ITB instrument is grounded in a phenomenographic perspective that

people have internal models of theworld and base their behavior on thosemodels (Harwood et al.,

2006). The ITB generates both quantitative and qualitative data representative of teachers’ beliefs

about teaching and learning science with inquiry at the time of their engagement with the

instrument through a card sorting activity and follow-up interview (Harwood et al., 2006).

Although theSTEBI,TSI, and ITBcapturevarious dimensions of teachers’ cognitive and affective

components of their beliefs about science teaching and learning, they do not explicitly capture

the crucial behavioral component of teachers’ beliefs in the “rough and tumble” of classroom

practice (Crawford, 2007).

We attempted to capture the cognitive and behavioral component of teachers’ enactment of

inquiry-based practices with the RTOP. The RTOP is an observational protocol designed to

measure the extent to which teachers’ instructional practices align with research proven practices

(Sawada et al., 2002). Given that a definitive goal of science education reform is changing

teachers’ classroom practices, teacher educators, researchers, and PD programs need a protocol to

determine whether interventions have ultimately supported teachers’ achievement of this goal. In

the absence of evidence of this achievement, traditional instructional practices are likely to persist

necessitating continued calls for reform (Corcoran, Mosher, & Rogat, 2009). Although effective

science instruction is often difficult to define (Haney et al., 2002), there are observational tools

aligned with the national frameworks for science instruction that can aid researchers’

identification of reformed classrooms. One example of this type of tool is the Local Systemic

Change Revised Classroom Observation Protocol (Horizon Research, Inc., 1998). This protocol

is a criterion-referenced instrument that uses trained observer judgments of teacher lessons and is

accompanied by pre and post classroom observation interviews to elicit teachers’ beliefs about

science instruction. The RTOP, based in part on the Local Systemic Change Revised Classroom

Observation Protocol (Horizon Research, Inc., 1998), is also a criterion-referenced instrument

that uses trained observer judgments. However, it is designed to more specifically align with

reformed science instruction and lacks an accompanying interviewprotocol.

The RTOP measures instructional quality through researcher observation while the STEBI,

TSI, and ITBmeasure teachers’ instruction via teachers’ self-report. The self-report tools used in

this studywere developed and tested for short-term interventions (typically one or two semesters).

The purpose of our study was to examine how these self-report tools designed for relatively short-

term contexts can be appropriately used to measure teachers’ beliefs and subsequent classroom

practice before, during, and after the long-term (2.5 years) TI PDprogram. The following research

questions framed the study:

1. How do teachers’ self-report scores on teaching beliefs instruments about science

teaching and learningwith inquiry change duringTI PDprogram?

2. How do teachers’ changes in practice over time as measured by the RTOP correspond

with their self-report scores on teaching beliefs instruments?

3. What are the implications for measuring teacher beliefs within PD that meets the call for

programswhich are long in duration?

Methods

Context of the Study

A quantitative, quasi-experimental, repeated measures, longitudinal design (Shadish, 2002)

was used to compare teachers’ scores on each of the four instruments over the duration of the
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2.5 year PD program. Participating teachers were from a wide variety of schools in the Western

Michigan area. Sampling was not randomized and was restricted to teachers whowere personally

motivated to increase their use of inquiry in their science teaching. The sample of teachers

included in this study limits the generalizability of our results. However, the transferability of

results may be suitable to other longer-term PD opportunities for which teachers volunteer.

Three cohorts of teachers participated in 2.5 years of PD, which had three core experiences

designed to offer teachers inquiry-related critical episodes. The model of TI PD is shown in

Figure 2.

Core experiences of PD chronologically include research experiences for teachers (RET),

materials adaptation (MA), and action research (AR). Each of these experiences was preceded by

preparatory experiences during the regular academic year and was delivered primarily during

consecutive summers. The RET component models the scientific process for teachers where for

6 weeks during the summer they work closely with chemistry mentors reviewing literature,

mastering laboratory techniques, collecting and analyzing data, and presenting their findings at a

regional or national science conference. At the end of the RET, teachers make small modifications

to two of their existing classroom activities so the activities better reflect the scientific process

modeled during their RET.Teachers spend the succeedingmonths strengthening their understand-

ing of reformed science teaching and learning though group discussions and engaging with the

chemistry education research literature. They then use this strengthened understanding in the

process of MA and designing their AR. Through the MA process teachers develop and/or adapt

classroom instructional materials to include inquiry, pilot the adapted activities with peers within

their cohort, and revise activities based on peer feedback. Through AR teachers collect data to

evaluate their adapted materials, present their findings, and write a scholarly text for a journal

submission or amaster’s program thesis requirement.

PD occurred at Grand Valley State University (GVSU) and the delivery schedule for each

cohort is shown in Table 1 below. For more detailed descriptions of PD delivery, timeline,

preparatory, core, and application experiences, seeYezierski andHerrington (2011).

Figure 2. TIPDmodel. [Color figure canbeviewed in the online issue,which is available atwileyonlinelibrary.com]
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Participants

To be accepted into the program, teachers had to have a major or minor in chemistry, be

currently teaching, and meet GVSU’s graduate admission requirements of a 3.0 GPA. The

program could accommodate up to 10 teachers in each cohort. Some teachers inquired about

the program but then opted to not apply after learning that the PD was 2.5 years in duration. Each

applicant was interviewed to ascertain their reason for wanting to participate in the program and

willingness to reform their classroom instruction, and to gauge peer and administrator support for

such reforms at their institution. Across the three cohorts, 24 chemistry in-service teachers from

area high schools and two area colleges participated in PD. Eight of these teachers, however, had

incomplete datasets and were subsequently excluded from this study. Demographic data for all

teacherswith complete data sets are summarized by cohort inTable 2.

Instruments

The STEBI was designed to measure elementary school teachers’ beliefs about science

teaching and learning through their self-efficacy and outcome expectancy (Riggs & Enochs,

1990). It has since been used with middle and high school science teachers (Enderle et al., 2014;

Khourey-Bowers & Simonis, 2004). Validity analyses of STEBI data resulted in 13 items

correlated with a self-efficacy subscale and 12 items correlated with an outcome expectancy

subscale. Internal consistency tests of the two subscales yielded a Cronbach’s alpha reliability

coefficient of 0.92 for self-efficacy and 0.77 outcome expectancy (Riggs & Enochs, 1990).

Teachers score each item using a five-choice Likert scale (1¼ strongly disagree to 5¼ strongly

agree). Individual scores on the STEBI can range from 25 to 125 where high scores indicate high

efficacy. Table 3 shows sample items from the STEBI.

The TSI measures pre-service teachers’ self-efficacy and outcome expectancy towards

teaching and learning science as inquiry (Smolleck & Yoder, 2008). The 69-items on the TSI are

aligned with the five features of inquiry-based instruction as defined in National Science

Education Standards (National Research Council, 2000). Although based on STEBI and STEBIB

(Smolleck &Yoder, 2008), the TSI’s alignment with National Research Council (2000) standards

likely gives it increased specificity formeasuring beliefs related to reformed teaching compared to

Table 1

Timeline for delivery of TI PD for cohorts 1–3

Cohort

Calendar Year 1 2 3

Fall 2005 Baseline data collection
2006 Pre-RET

RET
2007 Pre-MA and Pre-AR

MA Baseline data collection
Mid-2008 AR Pre-RET

RET
2009 Pre-MA and Pre-AR

MA Baseline data collection
Mid-2010 AR Pre-RET

RET
2011 Pre-MA and Pre-AR

MA
Mid-2012 AR
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the STEBI. Validity analyses resulted in 34 of these items correlated with a self-efficacy subscale

and 35 items correlated with an outcome expectancy subscale (Smolleck&Yoder, 2008). Internal

consistency tests of the two subscales associated with each of the five essential features yielded

Cronbach’s alpha reliability coefficients of 0.50 or higher (Smolleck & Yoder, 2008). Teachers

score each item based on a five-point Likert scale (1¼ strongly disagree to 5¼ strongly agree) and

individual scores can range from69 to 345where high scores indicate high efficacy. Table 4 shows

sample items from theTSI.

The ITB (Harwood et al., 2006) is a blended qualitative andquantitative instrument consisting

of 18 cards describing classroom activities as inquiry oriented (eight cards), non-inquiry (six

cards), and neutral (four cards). Developers Harwood et al. (2006) settled on the 18 descriptions

after testing three versions of the instrument in various settings. The sorted cards are a visual

representation of teachers’ internal model of inquiry. A follow-up interview allowing teachers to

explain their internal model of science instruction and inquiry serves a validity check for

researchers’ interpretations of the visual ITB models. Table 5 shows sample activities described

on the ITB.

The RTOP (Piburn et al., 2000; Sawada et al., 2002) is a 25-item classroom observation

protocol used tomeasure changes in teachers’ inquiry related classroom practices. Highly aligned

with national science standards to reflect reformed instructional practices (American Association

for theAdvancement of Science, 1993;NationalResearchCouncil, 1996), theRTOP is subdivided

into three subscales. The lesson design and implementation subscale contains five items to

measure teachers’ pedagogical ability to create a classroom setting as a community that engages

in exploration before explication. The content subscale contains ten items with five items

Table 3

Sample items from STEBI

4. When the science grades of students improve, it is often due to their teacher having found a more
effective teaching approach.

5. I know the steps necessary to teach science concepts effectively.
13. Increased effort in science teaching produces little change in some students’ science achievement.
24. I do not know what to do to turn students on to science.

Note: Items written in the first person are within the self-efficacy subscale and items in the third person are within the

outcomeexpectancy subscale.

Table 4

Sample items from TSI

When I teach science . . .
1. I will be able to offer multiple suggestions for creating explanations from data.
5. I have the necessary skills to determine the best manner through which children can obtain scientific

evidence.
21. I will be able to play the primary role in guiding the identification of scientific questions.
29. My students will derive scientific evidence from instructional materials such as a textbook.
41. My students will refine their explanations using possible connections to scientific knowledge that have

been provided.
52. My students will analyze teacher provided data in a particular manner.
61. I will expect students to use internet based resources or other materials to further develop their

investigations.

Note: Itemswritten as “I” statements arewithin the self-efficacy subscale and itemswritten as “My students” statements are

within the outcomeexpectancy subscale (Dira-Smolleck, 2004).
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correlating with propositional and procedural pedagogical content knowledge, respectively. The

classroom culture subscale contains ten items with five items correlating with communicative

interactions and student/teacher interactions respectively. Tests for internal consistency from data

collected from 141 public school, college, and university classrooms yielded a standardized a of

0.97 for the entire instrument and aCronbach’s alpha reliability coefficient of at least 0.80 for each

subscale (Sawada et al., 2002). Each item is evaluated on a five point scale (0¼ never occurred to

4¼ very descriptive). Individual teacher scores can range from0 to 100where high scores indicate

high alignmentwith reformed instructional practices. Table 6 shows sample items on theRTOP.

Data Collection and Analysis

The STEBI was administered four times (pre-RET, post-RET, post-MA, post-AR/TI) for

Cohort 1 and twice (pre-RET, post-RET) for Cohort 2. Baseline data collection for Cohort 1

occurred prior to TSI publication. Resultantly, Cohort 1 teachers’ beliefs were first measured

by the TSI post-RET. Additionally, due to funding, data collection ended in 2012 after

Cohort 3’s completion of the RET. Therefore, the TSI was administered thrice for Cohorts 1 and 2

Table 5

Sample items from ITB

Inquiry Activities
H. Students collaborating with one another.
P. Students using evidence to defend their conclusions.

Neutral Activities
M. Students asking questions.
D. Students reading assignments in textbooks.

Non-Inquiry Activities
C. Students listening to instructor lecture.
O. Students completing worksheets.

Table 6

Sample items from RTOP

I. Lesson Design and Implementation
2. The lesson was designed to engage students as members of a learning community.
3. In this lesson, student exploration preceded formal presentation.

II. Content
Propositional knowledge

6. The lesson involved fundamental concepts of the subject.
7. The lesson promoted strongly coherent conceptual understanding.

Procedural knowledge
13. Students were actively engaged in thought-provoking activity that often involved the critical

assessment of procedures.
14. Students were reflective about their learning.

III. Classroom Culture
Communicative interactions

16. Students were involved in the communication of their ideas to others using a variety of means and
media.

17. The teacher’s questions triggered divergent modes of thinking.
Student/teacher relationships

21. Active participation of students was encouraged and valued.
22. Students were encouraged to generate conjectures, alternative solution strategies, and ways of

interpreting evidence.
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(Cohort 1: post-RET, post-MA, post-AR/TI; Cohort 2: baseline, post-RET, post-MA) and twice

(baseline, post-RET) for Cohort 3. The ITB was administered four times (pre-RET, post-RET,

post-MA, post-AR/TI) for Cohort 1, thrice (pre-RET, post-RET, post-MA) for Cohort 2, and twice

(pre-RET, post-RET) for Cohort 3. For the ITB, teachers were asked to place cards they perceive

as describing inquiry activities nearest to the “classroom” card, located in the center of a 17” by

17” square, and descriptions they perceived less descriptive of inquiry activities farther from the

“classroom” card. A brief interview followed the card sorting activity which allowed teachers to

explain their model and served as an internal validity check. The STEBI, TSI, and ITB were all

administered to teacherswithin a 1week block at the beginning of each summer.

Teachers invited researchers to video record one to two lessons in their classrooms at times

they would be doing what they believed to be inquiry-based lessons. Following the developers’

intended use of the RTOP (Piburn et al., 2000), our video recordings captured teacher lectures,

students working with materials, screen captures of student work, phenomena students were

observing, and teacher–student, student–student, and whole group interactions. Any lesson-

related materials such as lesson plans and student handouts were also collected. One lesson for

every teacher was recorded prior to PD (or pre-RET) serving as a baseline measurement. Videos

and lesson materials were used to independently assign RTOP scores by three trained raters. The

three independently assigned scores were compared, and if total scores differed by more than

five points the raters negotiated every individual item that differed by more than one point to

decide consensus scores. In the negotiation of individual items, each rater presented specific

examples from videos and/or lesson materials to justify the points they assigned. These examples

were discussed in relation to the item statement until scores differed by no more than one point.

After individual item negotiations were complete sub-scores and total scoreswere recalculated by

each rater. Final consensus was considered to be foundwhen all three total scores werewithin five

points of each other after negotiation. An average of these three consensus scores was assigned to

each observed lesson. The biannually staggered recruitment of PD participants provided five rated

lessons (pre-RET, post-RET, post-MA, post-AR/PD, 2 years post-PD completion) for Cohort 1,

four (pre-RET, post-RET, post-MA, post-AR/PD) for Cohort 2, and two (pre-RETand post-RET)

for Cohort 3. As the PD program progressed, previously scored lessons were revisited by raters to

verify consistent interpretations of teachers’ practices and rater scoring; scoringwas considered to

be consistent both within and between cohorts. These annual measurements allowed us to track

teachers’ beliefs, as manifested by their enactment of their knowledge of reformed instructional

practices, before, during, and after exposure to TI PD. Therefore, classroom observations did not

attempt to randomly capture a lesson in each teacher’s classroom, but rather a lesson the teacher

believed to be a best representation of their use of inquiry based practices. Our use of RTOP scores

as a result aligns with how we conceptualized a belief earlier in the literature review. Figure 3

summarizes a timeline for implementation of core PDexperiences and data collection.

To track how scores on the self-report tools (STEBI, TSI, and ITB) changed over the course of

the long-term PD experience (Research Question 1) and how they performed with respect to the

observational tool (RTOP) (Research Question 2) we report measurements made over time by

each instrument by cohort. Further, since we compared teacher scores over time by instrument by

cohort, we regard the teacher as the unit of measurement and the cohort as the unit of analysis.

Accordingly, the results section is divided into three parts. For each of the three cohorts, the

findings from the self-report tools are followed by the findings from the RTOP. Data trends for

quantitative tools are displayed graphically and any statistically significant differences between

years are reported. Using the statistical software package R (version 4.1), we ran non-parametric

Friedman tests to compare teacher scores by instrument within each cohort. Friedman (1937) tests

were employed because Likert type scales, used in the STEBI, TSI and RTOP, often violate the
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normality assumption of ANOVA. If Friedman tests indicated significance and therewere data for

more than 2 years, pairwise comparisons of scores between years were conducted using the

Nemenyi post hoc test (Pohlert, 2014). The qualitative findings from the ITB are also presented to

determine how teachers’ ITBmodels and related statements of beliefs converge with quantitative

findings for each cohort.

The quantitative portion of the ITB was abandoned due to persistent inconsistencies and we

instead subjected teachers’models to qualitative analysis (seeHerrington et al., 2011). To perform

qualitative analysis of teachers’ ITB models, digital photographs of models were used to create

scaled figures with inquiry, non-inquiry, and neutral activity cards color coded for visual analysis.

Any cards that teachers interpreted differently from the developers’ intended meaning were

marked with a star and the color changed to reflect teachers’ interpretations. Final qualitative

analysiswas performed by chronologically compiling eachmodel of each teacher’s ITBmodel for

rating.Raters independently viewed each teacher’s compiled ITBmodels and rated their emergent

models of inquiry as better, worse, or same between consecutive years and over the course of PD.

The following criteria were used for rating: placement of inquiry and non-inquiry cards in

reference to “classroom” card; number of tiers (fewer tiers¼ better rating); andmixing of inquiry

and non-inquiry cards in the same tier (separate tiers for these two card categories¼ better). Inter-

rater agreement for teachers’ compiled ITBmodels averaged 85%.Additionally, in the interviews

following their latest ITB construction, teachers were presented with their previous ITB models

and were asked to explain any perceived differences among their models. Interviews were

transcribed verbatim.

Results

Cohort 1

Therewere no significant differences found in Cohort 1 teachers’ STEBI self-efficacy (x2 (3,

N¼ 6)¼ 4.8, p> 0.05) and outcome expectancy (x2 (3,N¼ 6)¼ 2.0, p> 0.05) scores. Therefore,

Cohort 1 teachers’ median STEBI scores on each of the sub-scales remained relatively unchanged

throughout TI PD (see Figure 4).

Thus, as a group Cohort 1 entered PD with a confidence in their ability to teach science that

remained relatively unchanged during and after PD. However, a similar stability in self-efficacy

and outcome expectancy beliefswas not tracked asmeasured by theTSI.

Figure 3. Implementation of core experiences and data collection timeline for Cohort 1. [Color figure can be viewed in
the online issue,which is available atwileyonlinelibrary.com]
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The Friedman test indicated a significant difference in Cohort 1 teachers’ TSI self-efficacy

scores (x2 (2, N¼ 6)¼ 9.0, p< 0.05). Follow-up pairwise comparisons with a Nemenyi test

indicated a statistically significant decrease in self-efficacy post-RET (Mdn¼ 74.50) to post-MA

(Mdn¼ 53.50), p¼ 0.03. Additionally, as shown in Figure 4, their decreased TSI self-efficacy

scores remained relatively unchanged post-AR/PD (Mdn¼ 57.50). Therefore, while Cohort 1

teachers’ median TSI score remained declined post-AR, the absence of a significant difference in

this decline post-MA to post-AR indicates that their self-efficacy towards teaching science with

inquiry may have stabilized during their third and final year of PD. Further as shown in Figure 4,

theTSI tracked relatively stable outcome expectancy forCohort 1,x2 (2,N¼ 6)¼ 1.9, p> 0.05.

As we previously reported (Herrington et al., 2011), most Cohort 1 teachers displayed

increased ability to organize their ITBmodels (fewer tiers and increased separation of inquiry and

non-inquiry cards) as they progressed through PD alongwith a deepened conceptual and practical

understanding of science as inquiry. Further, a majority of teachers made statements in their

follow-up ITB interview that indicated they had moved away from viewing inquiry as theoretical

to a practice they had personally appropriated for use in their classroom (see Herrington et al.,

2011 for more details). However, some teachers who expressed this deepened understanding and

appropriation of teaching science with inquiry created ITB models that were less separated

(Herrington et al., 2011). According to the ITB developers (Harwood et al., 2006), less separated

models indicate teachers are less able to discriminate between inquiry and non-inquiry activities.

However, this interpretation conflictedwith the statements by teacherswho had less separated ITB

models. Thus, thevalidity check via interviews revealed that all Cohort 1 teachers had an increased

understanding of and ability to apply inquiry-related practices in their classrooms.

A significant difference in Cohort 1’s RTOP scores was found, x2 (4,N¼ 6)¼ 16.6, p< 0.01.

Follow-up pairwise comparisons with a Nemenyi test indicated a statistically significant increase

in their median RTOP scores pre-RET (Mdn¼ 45.30) to post-MA (Mdn¼ 73.42), p¼ 0.007 (see

Figure 4). The increase in RTOP scores post-RET (Mdn¼ 62.60) and then post-MA (Mdn¼
73.42) indicate that as teachers sequentially engaged with PD activities their instruction also

sequentially grew to incorporate more characteristics of reformed practices (Herrington et al.,

2011). As shown in Figure 4 these gains then leveled off as their post-AR/PD (Mdn¼ 73.00) and

2 years post-PD (Mdn¼ 73.50) remained relatively unchanged to their post-MA scores.

Therefore, the RTOP measured a sustained, longitudinal increase in Cohort 1 teachers’ ability to

enact reformed instructional practices which is supported by findings from the ITB, but conflicts

with findings from the STEBI andTSI as shown inFigure 4.

Figure 4. Comparison ofmeasurement of Cohort 1 teachers’ beliefs (N¼ 6). SE, self efficacy; OE, outcome expetancy;
^,mean score.
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Cohort 2

Cohort 2’s STEBI self-efficacy scores significantly increased pre-RET (Mdn¼ 41.00) to

post-RET (Mdn¼ 56.00), x2 (1, N¼ 5)¼ 5.0, p< 0.05. There was no statistically significant

difference in their STEBI outcome expectancy scores pre-RET (Mdn¼ 33.00) to post-RET

(Mdn¼ 42.00), x2 (1, N¼ 5)¼ 0.2, p> 0.05. However, the Friedman test indicated a significant

difference in TSI self-efficacy scores (x2 (2, N¼ 5)¼ 8.4, p< 0.05). Follow-up pairwise

comparisons with a Nemenyi test indicated a statistically significant decrease in TSI self-efficacy

scores pre-RET (Mdn¼ 81.00) to post-MA (Mdn¼ 55.00), p¼ 0.01. The Friedman test also

indicated a significant difference in TSI outcome expectancy scores,x2 (2,N¼ 5)¼ 8.4, p< 0.05.

Follow-up pairwise comparisons with a Nemenyi test indicated a statistically significant decrease

in TSI outcome expectancy scores pre-RET (Mdn¼ 108.00) to post-MA (Mdn¼ 84.00),

p¼ 0.01. Cohort 2 teachers’ STEBI and TSI self-efficacy and outcome expectancy scores are

shown in Figure 5. Given these conflicting trends in measurement of similar constructs on the

STEBI and TSIwithin Cohort 2 and compared to Cohort 1, the STEBIwas no longer administered

to teachers. Ideally, we would have continued to administer the STEBI to Cohort 2 and three

teachers. However, the intensive nature of TI PD coupled with the significant demands on

participants’ time as in-service teachers led to the decision that it was inappropriate to ask teachers

to spend additional time completing an instrument thatwas yielding inconsistent data.

Teacher 7’s ITBmodels, shown in Figure 6, illustrate a typical trend seen inCohort 2 teachers.

Teacher 7’s baseline ITB model of inquiry, though not well organized (four tiers), displayed his

high ability to separate inquiry-based and non-inquiry activities, as these cards are clearly

separated with inquiry activity cards grouped together and closest to the classroom card and non-

inquiry cards farthest from the classroomcard.

Teacher 7’s post-RETmodels became better organized (two tiers) with no obvious change in

his ability to discriminate among inquiry and non-inquiry activities baseline to post-RETas shown

in Figure 6. However, Teacher 7 reintroduced four tiers in his post-MAmodel, the same number of

tiers in the baseline model, indicating that the teacher’s post-MA model of inquiry seemed to

regress to a less organized model of inquiry and with a worsened ability to separate inquiry-based

activities fromnon-inquiry activities. Yet, Teacher 7’s explanation of his ITBmodels’ progression

reveals a clear and appropriated understanding of inquiry.He explains:

[The baseline] one here seems very structured, I think I had a fairly good idea of what I

wantedmy classroom to be and in terms of the ideal situation, and I think this ismore the last

one ismore of this iswhat it has become, so this ismaybewhat I had hoped, and this ismaybe

where it’s actually at . . . [The post-MAmodel] I think this is more of now I know a lot about

what inquiry instruction looks like . . . I think at some point my thinking was how do I take

everything that I do in the classroom and jam it into this thing that we call inquiry, and

realizing that that doesn’t work . . .. So, this [post-RET model] was maybe the idealized,

after I knewmore. (post-MA interview)

Teacher 7’s excerpt reveals his clarified understanding of inquiry resulted in more informed

critiques of his use of inquiry-related instructional practices in his classroom. Further, Teacher 7’s

increasing RTOP scores, shown below each corresponding year’s ITB model in Figure 6, reveal

Teacher 7 was able to increasingly incorporate behaviors associated with reformed practices.

Thus, the ITB and RTOP instruments together indicate Teacher 7 moved away from thinking

about inquiry as an idealized, abstract notion to a well-understood set of practices he strove to

incorporate into his instruction. As with some teachers in Cohort 1, this deeper understanding of

inquiry, which led to more informed critiques of teachers’ inquiry-related instructional practices
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as described in his excerpt, also seemed to result in teachers’ reduced self-efficacy towards

teaching science with inquiry as indicated by Cohort 2’s overall decrease in TSI self-efficacy

scores. The increasing trend in Cohort 2 teachers’ RTOP scores was similar to the trends seen in

Teacher 7’sRTOPscores.

There was a significant difference in Cohort 2’s median RTOP scores, x2 (3, N¼ 5)¼ 10.0,

p< 0.05. Follow-up pairwise comparisonswith aNemenyi test indicated a statistically significant

increase pre-RET (Mdn¼ 51.67) to post-MA (Mdn¼ 73.66), p¼ 0.02. Further, as shown in

Figure 5, overall teachers’ gains in their RTOP scores were maintained 1 year beyond PD

(Mdn¼ 79.00). Thus, regardless of the confusion of whether Cohort 2 teachers’ self-efficacy

beliefs increased (as measured by the STEBI) or decreased (as measured by the TSI) or that their

outcome expectancies increased (as measured by the STEBI) or decreased (as measured by the

TSI), overall ITB andRTOPmeasurements indicated teachers displayed increased ability to enact

behaviors alignedwith reformed teaching practices. However, it is notable that despite indications

of deepened conceptual and practical understanding and greater enactment of reformed practices

similar to Cohort 1, by their final year of PD decreased TSI outcome expectancy scores indicated

that overall Cohort 2 teachers’ were less likely to believe that effective inquiry-based science

instruction influences student achievement.Wedid not see this same pattern forCohort 1 teachers.

Cohort 3

As shown in Figure 7, Cohort 3 teachers’ TSI self-efficacy did not statistically significantly

differ pre-RET (Mdn¼ 80.00) to post-RET (Mdn¼ 71.00), x2 (1, N¼ 5)¼ 1.8, p> 0.05. Their

Figure 5. Comparison ofmeasurement of Cohort 2 teachers’ beliefs (N¼ 5). SE, self efficacy; OE, outcome expetancy;
^,mean score.

Figure 6. Changes in Teacher 7’s (Cohort 2) ITB models and RTOP scores. White, inquiry; gray, neutral; black, non-
inquuiry;X, classroomcard;$, color code for card changed to alignwith teacher’s interpretation of card.
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related median outcome expectancy scores increased from 89.00 to 98.00, x2 (1, N¼ 5)¼ 0.2,

p> 0.05. Despite the lack of a statistically significant difference, the trend of a decrease in TSI

self-efficacy scores is consistent with the significant decreasing trend seen both inCohorts 1 and 2.

However, their increased median TSI outcome expectancy score is opposite to the decreasing

trends seen with Cohorts 1 and 2 teachers during PD. As with Cohorts 1 and 2 teachers, Cohort 3

teachers tended to have well separated, but disorganized baseline ITB models. However, unlike

Cohorts 1 and 2 teachers, Cohort 3 teachers’ ITBmodels did not show a tendency towards greater

organization and/or separation post-RET.

A sample of a Cohort 3 teacher’s ITB model shows his progression from baseline to post-

RET in Figure 8. This shows Teacher 14’s ITB model was less organized as indicated by an

increased number of tiers (from four to five) and decreased separation between inquiry and non-

inquiry cards. Teacher 14 explains part of his process for arranging some of the ITB cards in

Figure 8:

. . .my students do a lot of the activities that aren’t what Iwould consider inquiry that they do

a lot of collaboration, but it’s just sitting down, and you answer 1–5, I’ll answer 5–10. It’s

technically collaboration, but it’s not really. It [collaboration] doesn’t have to be inquiry, and

I think I just got a little more picky with those things. I can’t picture somebody doing any of

the stuff around the center [activities described on cards clustered in columns four andfiveof

post-RET ITBmodel] this year . . . ifmy classroomwas exactly theway Iwanted it to be, and

it was inquiry-based therewould be collaboratingwith one another. But I couldmake a class

where there’s tons of collaboration and no inquiry, so I think that’s why it gotmoved down to

there. (post-RETinterview)

Teacher 14’s stated ability to be “a littlemore picky” about howcollaboration can be shaped by the

teacher to either be inquiry-based or devoid of inquiry reflects a deepened conceptual

understanding of inquiry post-RET versus pre-RET. Further, his statement addressed hypothetical

classroom contexts, which was also typically found in Cohorts 1 and 2 teachers post-RET ITB

interviews. Thus, his statement lacks the stronger indications of the personal appropriation of

inquiry present in Cohorts 1 and 2 teachers’ post-MA interviews. The lack of appropriation can

likely be linked toCohort 3 not yet experiencing theMAcomponent of PD.

As shown in Figure 7, Cohort 3 had an increase in their median RTOP scores from pre-RET

(Mdn¼ 51.00) to post-RET (Mdn¼ 61.00),x2 (1,N¼ 5)¼ 1.8, p> 0.05. Thus, Cohort 3 teachers’

Figure 7. Comparison ofmeasurement of Cohort 3 teachers’ beliefs (N¼ 5). SE, self efficacy;OE, outcome expetancy;
^,mean score.
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increase in median RTOP scores and decrease in median TSI self-efficacy scores, though not

statistically significant, reflect trends analogous to Cohorts 1 and 2. These consistent trends

indicate that overall all three PD teacher cohorts experienced a decreased self-efficacy towards

teaching science with inquiry after a year of engaging with PD, but a concurrent increased

enactment of inquiry-related practice. Despite these consistent trends in self-efficacy, therewas no

trend seen across cohorts in outcome expectancy in relation to their self-efficacy, their

understanding of inquiry, nor their ability to enact inquiry-related practices.

Discussion and Conclusions

In response to Research Question 1, we found disaggregating the self-efficacy and outcome

expectancy subscales on the STEBI and TSI important in identifying any clear trends in scores.

STEBI self-efficacy scores for Cohort 1 teachers remained essentially stable across the three

administrations while the STEBI self-efficacy scores for Cohort 2 teachers showed a statistically

significant gain after their first year in PD. A plausible explanation for this may be related to

differences in the cohort’s years of teaching experience. Four of the five teachers in Cohort 2

entered PDwith 3 years of experience or less experience (seeTable 3)while four of the six teachers

in Cohort 1 entered PD with 10 or more years of experience (see Table 2). Bandura (1997)

proposed that self-efficacy beliefs remain relatively stable once established. Previous studies

support Bandura’s (1997) assertion and our findings that teacher efficacy appears to bemore stable

for more experienced teachers (Ross, 1994). Therefore, it is probable that Cohort 1’s stable self-

efficacy towards teaching and learning science in general may be a result of their greater years of

teaching experience compared to Cohort 2. However, with respect to the use of the STEBI in long-

term PD, Cohort 1 teachers’ stability in self-efficacy beliefs was not necessarily indicative of their

enactment of reformed instructional practices.

The TSI, the second instrument used to measure teachers self-efficacy beliefs, though

yielding a clear pattern across cohorts, also seemed to not be indicative of teachers’ classroom

practices. The theoretical underpinnings of self-efficacybeliefs predict that increased self-efficacy

related to a specific task and domain likely increases the transformation of beliefs related to that

task and domain as well as the individual selecting to engage in those tasks (Bandura, 1986;

Craighead & Nemeroff, 2001; Pajares, 1992). However, all cohorts showed a decrease in their

median TSI self-efficacy scores at some point in PD, for Cohorts 1 and 2 overall decreases were

statistically significant. Further, Cohort 2 showed successive decreases in their median TSI self-

efficacy scores post-RETand post-MAdespite concurrent increases in each cohort’sRTOP scores.

This unexpected finding is likely linked to teachers’ more relativistic and sophisticated

construction of inquiry and their subsequentmore critical judgments during PDversus pre-RET.

Figure 8. Changes in Teacher 14’s (Cohort 3) ITB models and RTOP scores. White, inquiry; gray, neutral; black, non-
inquuiry;X, classroomcard;$, color code for card changed to alignwith teacher’s interpretation of card.
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During the development and validation of the TSI instrument, researchers found that

participating pre-service teachers had inflated self-efficacy perceptions with regard to teaching of

science as inquiry (Smolleck et al., 2006). Our consistent findings of decreased TSI scores across

all three cohorts indicate that in-service high school chemistry teachers may also have inflated

perceptions of their self-efficacy with respect to inquiry instruction. McDonald (1991) linked in-

service teachers inflated self-efficacywith a false sense of certainty in their skills which increased

as they gained experience. Wheatley (2000) found new in-service teachers were “overly

optimistic” about their efficacy. However, teachers’ gaining new and more effective practices is

often offset by their revised definitions of good teaching (Tschannen-Moran et al., 1998). Some

studies have found in-service teachers implementing new practices initially indicated lowered

self-efficacy beliefs, but these eventually rebounded, usually once they saw positive changes in

student learning (Ross, 1994; Stein&Wang, 1988).However, the trends in TSI scores indicated TI

PD teachers did not experience a similar rebound of self-efficacy. Instead, we saw Cohort 1

teachers’ declining TSI self-efficacy scores stabilize in their final year in PD. TSI scores 2 years

after PD were indicative of continued stabilization rather than a rebound. Wheatley (2000, 2002)

argued that teacher reframing of their self-efficacy are beneficial to their professional growth

towards reformed instruction. Benefits are derived from this reframing because context specific

doubts foster disequilibrium in teachers’ thinking and “transformative change, genuine learning,

happens only through disequilibrium, through the discovery that what I thought I knew isn’t

enough to deal with this new situation” (Jones & Nimmo, 1999, as cited in Wheatley, 2002).

Wheatley’s (2002) argument conflicts with much of the literature on teachers’ self-efficacy and

their subsequent classroompractices. However, our findings of decreased TSI scores yet increased

enactment of inquiry-based practices and increasingly complex understandings of those practices

indicate that TI PDmay provoke beneficial reframing of self-efficacy for teachers of varying years

of experience. These findings related to the concept of this beneficial reframing signify that

predominant understandings and measurements of teachers’ self-efficacy may be unable to

appropriately capture changing teacher ability to teach science as inquiry within a long-term

intervention context.

The discrepancy between the STEBI’s measurement of stable self-efficacy for more

experienced teachers and increasing self-efficacy for less experienced teachers versus the TSI’s

measurement of a consistent decrease across the three cohorts may be a result of the TSI’s close

alignmentwith reformed science instruction.With its close alignment to inquiry-based instruction

(Smolleck & Yoder, 2008) based on National Research Council (2000) standards, the items on

the TSI have greater context specificity to reformed practices than the STEBI. Therefore, a

reasonable explanation for the self-efficacy measurement discrepancies between the two instru-

ments is the difference in the tasks and/or context theywere designed tomeasure (Bandura, 1977,

1986, 2006). However, despite the TSI’s greater context specificity compared to the STEBI, it

likely lacks enough task related specificity as it consistently measured decreasing self-efficacy

scores as teachers’ RTOP scores revealed their increased ability to enact the tasks associated with

reformed practices. The relationship between self-efficacy measurements and task specificity

will be discussed in our response to Research Question 2. No relationship between self-efficacy

and outcome expectancy beliefs on either the STEBI or TSI across the three cohorts was found.

The absence of any relationship was not surprising given that outcome expectancy been found to

be uncorrelated to teachers’ self-efficacy as discussed earlier (Tschannen-Moran et al., 1998).

The ITB follow-up interview elicited teacher statements that were consistent with teacher’s

deepened conceptual and practical understanding of reformed practices. Despite the quantitative

aspect of the ITB not yielding valid data within the context of this study due to misinterpretations

of the meaning of the activities described on cards (Herrington et al., 2011), we find the ITB
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instrument to be a valuable qualitative tool to assess teachers’ changing understanding of teaching

and learning science with inquiry over multiple years. The ITB’s indication of a teacher’s

deepened conceptual and practical understanding of reformed practices seemingly conflictedwith

the decreased self-efficacy scores on the TSI. Nevertheless, when this deepened conceptual and

practical understanding of reformed practices is framedwithin the perspective of teachers’ critical

redefinition and subsequent re-evaluation of good science teaching (Tschannen-Moran et al.,

1998; Wheatley, 2000, 2002), this apparent conflict was reconciled. However, the reconciliation

between cognitivemeasurements of teachers’ beliefs would have been unlikely without the ITB’s

provision of a structured set of prompts to elicit teachers’ internal conceptualizations of their

beliefs about reformed practices. Thus, the ITB’s value seems rooted in the descriptions on the

cards, the disaggregation of inquiry activities teachers perform during the card sorting process

based on those descriptions, and the follow-up interviewprotocol. Each of these aspects of the ITB

instrument generated avaried and consistent set of prompts for teachers to explicate their changing

perception of the role and the use of inquiry in their classrooms. Most notably, the ITB

instrument’s card sorting process and accompanying interview revealed teachers’ shift over time

from viewing inquiry as a theoretical or abstract concept to an instructional strategy they

appropriated and subsequently practiced in their classrooms.

In addressing Research Question 2, the relationship between change in practice as measured

by the RTOP and self-report measures, we found that the trends in self-report measures somewhat

conflicting with the RTOP’s observational measures. Across all cohorts, the RTOP tool measured

a consistent and sequential change in the conceptual, procedural, and pedagogical knowledge of

inquiry of teachers throughout their experiences in TI PD. Further, RTOP scores revealed that

these changes endured one and two years post-PD for Cohorts 2 and 1 teachers, respectively.

Martin and Hand (2009) also found the RTOP to offer clear, consistent, multi-year measurements

of teachers’ implementation of reformed practices. Capturing teachers’ enactment of inquiry

within the classroom is key to measuring teachers’ belief changes as they engage in PD because

this enactment is a “linchpin” goal of reform policies (National Research Council, 2012).

Therefore, we found the RTOP to be an essential tool to measure the behavioral dimension of

teacher beliefs.

Our findings from the RTOP data revealed that collectively Cohorts 1–3 teachers’ behavior

moved away from teaching and learning strategies typically associated with traditional beliefs

towards reformed beliefs of science instruction. Further, qualitative data from interviews

following teachers’ construction of their ITB models in this study indicate that some teachers’

beliefs about inquiry in relation to their own instructional practice became more complex. This

increased complexity suggests their exposure to PD may have resulted in a reconstruction of a

simplistic epistemology of inquiry into more relativistic, sophisticated beliefs about inquiry

(Brownlee et al., 2002). Therefore, when comparing the performance of the self-report tools to the

observational tool, the ITB and RTOP indicated that teachers’ cognitive and behavioral

components of their beliefs about science instruction became more aligned with reformed

practices. No meaningful trends emerged from the outcome expectancy scores on the STEBI and

TSI in relation to the corresponding self-efficacy scores on these instruments or in relation to the

ITB or RTOP. The trends in STEBI and TSI self-efficacy scores appeared to be in opposition to

trends in teachers’ RTOP scores over time; however, the ITBdata allowed these opposing trends to

be reconciled. This reconciliation linked teachers’ decreasing self-efficacy (related to their

affective component of their beliefs) with more critical perspectives (related to their cognitive

component of their beliefs) of reformed science instruction.

Haney et al. (2002) also found inconsistent findings between the ratings from their

observational tool, the Local Systemic Change Classroom Observation Protocol (Horizon
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Research, Inc., 1998), and their measurements of teachers’ self-efficacy using the self-report

instruments which included a portion of the STEBI. Our results related to teachers’ STEBI and

TSI scores in relation to their RTOP scores and interview data reinforce Haney et al. (2002)

findings that self-report, self-efficacy tools may not be appropriately capture teachers’ knowledge

of or enactment of reformed classroompractices. Studies (Mone, Baker,& Jeffries, 1995; Stumpf,

Brief, & Hartman, 1987) outside of the science education community suggest that the ability of

self-efficacy tools to capture an individual’s performance on complex tasks is weaker when

compared tomeasuring self-efficacy in relation to simple tasks.

Each requirement of PD bears the hallmark of a complex task as described by Campbell

(1988). PD required teachers to incrementally learn, synthesize, and implement new knowledge

about science, inquiry, and pedagogical content knowledge. Further, our teachers were required to

implement this new knowledge as they navigated their unique personal and cultural constraints to

classroom reform over 2.5 years while also catering to various students’ needswithin and between

classes. These requirements when combined have dynamic task complexity, themostmultivariate

type of task complexity (Wood, 1986). Dynamic task complexity have several subordinate

functions including: the number of distinct acts that need to be executed in the performance of the

task, the number of distinct information cues that must be processed in the performance of those

tasks, the judgments about timing, frequency, intensity, and location requirements for task

performance, and the adaptation of task performance to changes in the environment over time

(Wood, 1986). As task complexity increases, assessment of task requirements and individual and

situational resources or constraints for these tasks must also be measured to increase the accuracy

of self-efficacy measurement and therefore enhance validity (Gist & Mitchell, 1992). Further,

changing self-efficacy may require individuals changing the way they process information and

their subsequent selection of behaviors inwhich they choose to engage. Our findings from the ITB

data clearly indicated that teachers across all three cohorts consistently changed their processing

of information about teaching and learning with inquiry from abstract and simple to practical and

complex.Additionally, data from theRTOP instrument indicated they subsequentlymodified their

classroom behavior to becomemore alignedwith reformed instructional practices. These findings

indicate that previous studies and/or current instruments designed to measure science teacher

efficacymay not sufficiently delineate the subordinate functions of the complex task of reforming

science instruction.

Implications

In response to Research Question 3, our findings clearly have implications for measuring

teacher changewithin long-term PD programs. Though classroom observations have been shown

to be effective measures of teacher change, these are expensive in terms of time and resources.

Therefore, in evaluating the effectiveness of PD programs many researchers rely on teacher self-

report measures as they are able to capture data from a lager sample size in a less invasive manner

while also requiring less time and fewer resources. However, available teacher self-report

instruments largely measure some components of teachers’ beliefs about teaching and learning

with little regard to complex multidimensionality of those beliefs. Resultantly, these measures

mayworkwell for short-termPDwhich lack the necessary time or critical activities to cause a shift

in teacher beliefs, but long-term PD programs aimed at affecting lasting instructional reform by

necessity must change aspects of all three components of teachers’ beliefs about teaching and

learning. This holistic change in beliefs, in turn, changes the lens through which teachers are

viewing the instrument, thereby reducing the validity and reliability of the data obtained. The

apparent absence of delineation of the specific functions or tasks science teachers must perform to

effectively reform their instruction on Likert-type, self-report instruments designed to measure
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their changing self-efficacy beliefs supports a need to investigate the applicability of these

instruments across different populations of teachers within the specific context of long-term PD.

While the balance between specificity and generalizability must be considered (Pajares, 1996),

this apparent absence creates a need for the development of new instruments explicitly designed to

incorporate teachers’ capability to perform specific tasks expected of teachers in reformed

classrooms.

Gist and Mitchell (1992) argue that psychometric measurement of complex tasks, such as

those expected in science instruction reform, should probe individuals about specific behaviors

needed to perform those tasks. Within the context of reformed science instruction these

instruments can include items that ask teachers to self-report on performing tasks such as the

types of question they pose to students (van Zee, Iwasyk, Kurose, Simpson, & Wild, 2001), the

types of student group interactions they use (Schneider, Krajcik, & Blumenfeld, 2005), their

accuracy in presenting real-world science and the process of science to students (Pop, Dixon, &

Grove, 2010), and their adaption of lessons to reflect real-world science and the process of science

(Schneider et al., 2005). The need for the exploration of refined or new psychometric instruments

to measure teacher beliefs about reformed science instruction longitudinally highlights the

important role of concurrent use of qualitative and observational tools (Klassen, Tze, Betts, &

Gordon, 2011).

Additionally, researchersmust provide teachers with a self-report tool, such as the ITB in this

study, which elicits teachers’ internal representations of inquiry through a consistent set of

prompts. The inferential nature of belief measurement demands a tool that makes teachers’

internal representations of inquiry, and the extended time of long-term PD demands this tool

contain a consistent frame of reference for teachers to respond.While researchers’ interpretations

of teachers’ representations remain indirect, this consistent frame of reference allows researchers

to make direct comparisons of these representations in pre and post measurements. Further, this

type of self-report tool allows teachers to co-construct knowledge about science teaching and

learning. This co-construction of knowledge has been cited as an important facet in understanding

teacher beliefs (Keys & Bryan, 2001). Further, we have found, as have Crawford (2007) and

Richardson, Anders, Tidwell, and Lloyd (1991), that it is insufficient for researchers to use

representations of teachers’ beliefs in isolation from how teachers enact these representations in

real-world classroom practice. Therefore, an observational protocol that allows researchers to

examine and evaluate how teachers enact their internal representations of inquiry in their

classrooms is essential for use in conjunctionwith a qualitative self-report tool.

Finally, PD providers who seek to transform teacher beliefs about science teaching and

learning should be willing to provoke doubt in novice and experienced teachers’ initial

assessments of self-efficacy related to their conceptual understanding and practice of reform

science instruction. Doubt is essential to teachers’ own pursuit of inquiry (Gabella, 1995) and

when supported can aid teachers in becoming more critical of their teaching skills as their

conceptual and practical understanding of teaching with reformed practices increase (Wheatley,

2000, 2002). However, to constructively engage this doubt and support transformation, PD

providers must also provide teachers with opportunities for reflection (Sch€on, 1983) and a

community of support (Friedman, 1997). Constructively engaging teachers with their doubts and

providing themwith opportunities to develop and implement new strategies require PDdevelopers

use long-term interactions (van Driel et al., 2001). Therefore, PD designed to reform science

instruction should build into its model continual opportunities for teachers to reflect and

collaborate (Loucks-Horsley et al., 2010; Wheatley, 2002). Reflection and collaboration are

particularly effectivewhen teachers have structured discussions, facilitated by an external expert,

about implementing similar tasks, but have different experiences performing these tasks in their
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classrooms (Ryan, 1999). These types of discussions increase their own practical knowledge as

well as promote teachers’ willingness to experiment with ideas shared by their colleagues (van

Driel et al., 2001).
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