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Abstract: Using data collected from twomultiyear teacher professional development projects employ-

ing randomized control trials, this study describes the development and validation of a paper-based test of

elementary teachers’ science content knowledge (SCK). Evidence of construct validity is presented,

including evidence on internal structural features using Rasch measurement models. Results from 183

treatment group and 176 control group teachers fromProject 1 demonstrated that the SCK test had acceptable

person reliability at baseline; at later time points the test was easy for the teachers and person reliability was

below acceptable. Results from Project 1 informed changes made to the test for use in Project 2, including an

increase in the difficulty level and the development of two equated forms. Results from the 148 treatment and

139 control teachers from Project 2 demonstrated that the test had acceptable reliability across two time

points andwas a bettermatch to teachers’ SCK. # 2015 Wiley Periodicals, Inc. J Res Sci Teach 52: 371–

396, 2015
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For more than two decades, science educators have met with an abundance of criticism about

the state of science education leading to calls for reform (American Association for the

Advancement of Science [AAAS], (AAAS, 1989,1993)), National Research Council [NRC],

(NRC, 1996, 2000). The current call for science education reform is aimed at college and career

readiness of K-12 students through the document A Framework for K-12 Science Education:

Practices, Crosscutting Concepts, and Core Ideas (NRC, 2012) followed by the Next Generation

Science Standards (NGSS Lead States, 2013). In addition to the changes prompted by science

education reform, teachers have been subjected to increased expectations for high academic

achievement forall students, asmandated in theNoChildLeftBehindAct (NCLB)of2001 (PL107–

110).ThisActdefines the responsibilitiesof teachers, asaccountability systemsplaceagreatdealof

pressure on them to implement well-articulated curriculum, instruction, and assessment systems

that foster theacademicachievementof the increasinglydiversestudentpopulation in thenation.
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Recognizing the potential importance of professional development (PD) in improving

teachers’ knowledge, and practice, and student outcomes, scholars have identified elements of

effective PD including both core and structural features (Garet, Porter, Desimone, Birman, &

Yoon, 2001; Penuel, Fishman, Yamaguchi, & Gallagher, 2007; Wayne, Yoon, Zhu, Cronen, &

Garet, 2008). A causal model for evaluating PD programs has been proposed (Desimone, 2009),

which tests a theory of teacher change (i.e., PD alters teachers’ knowledge, beliefs, or practice)

and a theory of instruction (i.e., the change in practice influences student achievement). To build a

stronger knowledge base about links among PD, teacher knowledge and practice, and student

achievement, researchers have called for more rigorous study designs (Borko, 2004; Desimone,

2009;Wayne et al., 2008), including the use of randomized experiments (Wayne et al., 2008).

One obstacle to conducting rigorous studies is the lack of adequate measures, particularly in

regard to teacher learning and change, though more recent research has begun to explore

measuring teachers’ science content knowledge (SCK; Desimone, 2009). There are few

standardized measures of teachers’ SCK and classroom practice (Liu, 2009, 2012). Additionally,

educational studies have been criticized for notmeeting current standards of evidence in assessing

validity ofmeasures (Desimone, 2009). Validity is a judgment of the degree towhich evidence and

theoretical rationale support the appropriateness of interpretations and consequences on the basis

of scores (Messick, 1989). Validity can be viewed as a unified concept that integrates various

aspects for which evidence is collected (Messick, 1995). One aspect of construct validity is

content validity that includes evidence collected on the relevance and representativeness of the

measure and is generally assessed by examining the items of the measure. A second aspect of

construct validity is structural validity that includes evidence collected through an examination of

the internal structure of themeasure and can employ different statisticalmethods, includingRasch

modeling. A third aspect of construct validity is external validity that includes evidence of the

extent towhich scores on the measure are related to other measures thought to be related. A fourth

aspect of construct validity is generalizability that includes evidence collected on expected

performance differences over time, across groups and settings, and in response to experimental

treatments (Messick, 1995).

Furthermore, educational studies have been criticized for not utilizing modern measurement

models, such as Rasch models, to establish validity and reliability evidence, instead following

classical test theory (CTT; Liu, 2009, 2012). CTT is considered a traditional theory of

measurement in which summated test scores are used as proxies of constructs (Novick, 1966). For

example, under CTT, a test measuring teachers’ SCKwould be scored by summing the points the

teachers received on each of the test items. Under CTT, the Cronbach’s alpha estimate of

reliability is typically reported and reliabilities of br ¼ :70 or above are considered generally

acceptable for instruments with low stakes (Nunnally, 1978). In contrast, modern theories of

measurement, such as Rasch (1960) and Item Response Theory (IRT; Lord & Novick, 1968),

estimate a latent variable from the item responses and then the scores on the latent variable are

used as a proxy of the construct being measured. If teachers’ SCK is measured by a test, the test

items would be indicators of a latent variable representing that construct. Rasch and IRT models

differ in the number of parameters estimated and in how the latent variables are scaled, but

otherwise they are very similar statistical models. As Rasch models have fewer parameters

estimated, they tend to have lower sample size requirements than IRTmodels, which make Rasch

models very useful for measurement in research projects that typically do not have thousands of

participants. Rasch models provide additional ways to estimate reliability (Linacre, 1997;

Schumacker & Smith, 2007) and explore internal structure validity evidence, such as the use of fit

statistics (Andrich, 1988) or the use of person-item maps (Bond & Fox, 2007), as compared to

CTTmodels.
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Using data collected from two large multiyear intervention projects, Promoting Science

Among English Language Learners (P-SELL), this study describes the development and

validation of a measure of elementary teachers’ SCK. The measure was a paper-based test, which

was developed using mainly public release items from the National Assessment of Educational

Progress (NAEP), Trends in InternationalMathematics and Science Study (TIMSS), and selective

state science assessments. Evidence of construct validity (Messick, 1989, 1995) is presented,

including information on (a) the decision process for the content of items and the experts involved

in the development; (b) internal structural features of the measure, including factor analyses,

reliability estimates, and item analyses using Rasch measurement models; (c) external structural

evidence of convergent relationships with other measures; (d) ability to differentiate between

groups (treatment and control) and to detect change over time; and (e) generalizability across two

projectswith different sample characteristics.

Both projects took place in the same state and implemented a curricular and PD intervention

at fifth grade, the grade atwhich the state science test counted toward school accountability. TheP-

SELL intervention involved a stand-alone, year-long, fifth grade science curricular and

professional development. It is aimed at improving science achievement of all students with a

focus on English language learners (ELLs). The intervention focused on three areas: state science

standards, hands-on science inquiry, and language development for all students and ELLs in

particular. The intervention was comprised of (a) curriculum materials including a student book,

teachers’ guide, science supplies, and online supplementary materials; (b) teacher workshops

during the summer and throughout the school year; and (c) school site support for curriculum

implementation. The intervention components were designed to complement and reinforce one

another for the improvement of teachers’ SCK and instructional practices (for a full description of

the intervention, see Diamond, Maerten-Rivera, Rohrer, & Lee, 2014 and Maerten-Rivera, Ahn,

Lanier, Diaz, & Lee, in press). Control schools were comparable to the intervention schools in

terms of student demographics, academic achievement from previous years, and school size. The

teachers in the control schools did not receive the intervention and implemented science

instruction as directed by their respective district using the district-adopted curriculum. The

intervention had been implemented previouslywith success in improving teachers’ use of reform-

oriented practices (Lee, LeRoy, et al., 2008; Lee&Maerten-Rivera, 2012), teachers’ self-reported

SCK (Lee & Maerten-Rivera, 2012), and student achievement in science and writing (Lee,

Maerten-Rivera, Penfield, LeRoy,&Secada, 2008; Lee,Mahotiere, Salinas, Penfield,&Maerten-

Rivera, 2009; Santau,Maerten-Rivera,&Huggins, 2011).

For each project, the intervention lasted 3 years with fifth grade teachers and used a cluster

randomized controlled trial (RCT) design to evaluate the impact. Project 1, P-SELL Efficacy Study,

involved treatment (n¼ 183) and control (n¼ 176) group teachers from one large, urban, and

culturally and linguistically diverse school district located in the southeastern US where the

intervention was implemented for 3 years from the 2010–2011 school year to the 2012–2013 school

year. Project 2, P-SELL Effectiveness Study, involved treatment (n¼ 148) and control (n¼ 139)

group teachers from three school districts located in the same southeastern state as Project 1 with

varying teacher and student characteristics for 3 years from the 2012–2013 school year to the 2014–

2015 school year. In Project 2, the interventionwas implemented for 1 year out of the 3-year planned

intervention. The results from the 3 years of data collection are presented for Project 1, while the

results from the first year of data collection are presented for Project 2 as this project is currently

being implemented. Results from Project 1 informed changes made to the test for use in Project 2.

Project 1 is characterized as an efficacy study, and Project 2 an effectiveness study. According

to Common Guidelines for Education Research and Development (US Department of Education

and National Science Foundation, 2013), the distinction between an efficacy study and an

Journal of Research in Science Teaching

MEASURE OF TEACHER CONTENT KNOWLEDGE 373



effectiveness study is made in terms of two main criteria for implementation of an intervention or

strategy: (a) involvement of the developer in the implementation of the intervention and (b) under

“ideal” conditions or under conditions of routine practice. In Project 1, the research team

facilitated professional development workshops and provided support for teachers at the school

sites. In Project 2, in collaboration with the research team, the school district personnel facilitated

professional developmentworkshops and provided support at the school sites.

Literature Review

We begin by presenting the literature on evaluating PD in order to build the argument that

better measures of teachers’ SCK are needed. We then introduce other measures that have been

used to assess teachers’ SCK.

Evaluating Effectiveness of Teacher PD

Recognizing the potential importance of PD in improving teachers’ knowledge and practices

and student outcomes, scholars have identified elements of effective PD (Garet et al., 2001;Wayne

et al., 2008) and proposedmodels for evaluating PD (Desimone, 2009; Garet et al., 2001; Loucks-

Horsley, Hewson, Love, & Stiles, 1998). Desimone (2009) proposed a model with the following

steps: (a) teachers experience the PD; (b) the PD increases teachers’ knowledge and skills and/or

enhances positive attitudes and beliefs; (c) teachers use their newknowledge, skills, attitudes, and/

or beliefs to improve the content of their instruction, their approach to pedagogy, or both; and (d)

the instructional change fosters increased student learning, and thus increased student

achievement. This model tests a theory of teacher change (i.e., PD alters teachers’ knowledge,

beliefs, or practices) and a theory of instruction (i.e., the change in practices influences student

achievement), and both are necessary to understand how PD works (Wayne et al., 2008). If only

student achievement ismeasured and no impact is found, thenwithout teacher outcomemeasures,

it is not possible to determine the pointwhere, orwhy, the causalmodel failed.

A challenge to examining the influence of teachers on students, particularly in the causal PD

model, is determining how to measure the various components with teachers’ knowledge being

one of the most difficult to measure (see step b in the causal model proposed by Desimone, 2009).

If valid measures are not developed, there is difficulty in collecting evidence to evaluate the

effectiveness of a PDmodel. In addition, the timing of themeasures is indicative of how andwhen

change in student achievement will occur following change in teachers’ knowledge and practices,

which may be of interest to PD implementers and policymakers. In many studies, the validity

evidence for the measures does not stand up to current standards of evidence (Desimone, 2009).

Thus, development of the next generation ofmeasurement instruments in science education needs

to involvemodernmeasurementmodels such asRasch (Liu, 2009, 2012).

Measuring Teachers’ SCK

Teachers’ knowledge of a subject is referred to as content knowledge, whereas pedagogical

content knowledge refers to knowledge of how to teach a specific topic or concept in ways that

enable students to understand it (Abell, 2007; Shulman, 1986). Research on the relationship

between teachers’ content knowledge and instructional practices has shown inconsistent results

(Krauss, Baumert,&Blum, 2008; Larson&Smith 2013;Wayne&Youngs, 2003;Weaver&Dick,

2009). One difficulty in comparing and synthesizing past studies on teachers’ content knowledge

is that varied methodologies have been used to measure it. Some researchers used distal

information such as the number of courses completed in a content area (Baumert et al., 2010),

while others have used surveys to collect teachers’ self-assessment of their knowledge (Lee &

Maerten-Rivera, 2012; Jacobs,Martin,&Otieno, 2008).More recently, researchers have begun to
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develop direct tests of teachers’ content knowledge. Although most of this research has been

conducted inmathematics education (Baumert et al., 2010;Hill, Ball,&Schilling, 2008), research

is beginning to emerge in the field of science education (Diamond et al., 2014; Heller, Daehler,

Wong, Shinohara,&Miratrix, 2012; Jüttner, Boone, Park,&Neuhaus, 2013).

Measures of teachers’ SCK have been developed to assess practicing teachers’ SCK (Jüttner

et al., 2013; Nowicki, Sullivan-Watts, Shim, Young, & Pockalny, 2013) and to examine the effect

of PDon increasing teachers’ SCK (Heller et al., 2012).

Jüttner et al. (2013) outline a theoretical model that guides test development and provides

steps to develop and validate a measure of biology teachers’ SCK and pedagogical content

knowledge on the topics of neurobiology, vertebrates, plants, and cytology. The instrument used

multiple-choice and constructed response items of different cognitive complexity and was

administered to a sample of 158 fifth to 12th grade German biology teachers. The Rasch partial

credit model was used for the analysis of the test data. The 20 items measuring SCK had an item

reliability of br ¼ :98 and a person reliability of br ¼ :76. The 24 items measuring pedagogical

content knowledge had an item reliability of br ¼ :97 and a person reliability of br ¼ :58. A
statistically significant low correlation (r¼ .22, p¼ .006) was found between SCK and

pedagogical content knowledge. This finding is different from other studies conducted in math

education that have found high correlations between the two knowledge areas (Hill, Schilling, &

Loewenberg Ball, 2004; Krauss et al., 2008). The items on the SCK portion werewell-matched to

the teachers’ estimated abilities, whereas the items on the pedagogical content knowledge portion

were too difficult for the typical respondent. Themeasurewas administered to the teachers at only

one time andwas not used tomeasure the effects of PD.

Nowicki et al. (2013) administered a 52-item science testwith five subscales (i.e., life science,

earth science, physical science, electricity andmagnetism, and nature of science) to 27 preservice

and 27 inservice grade 1 through 5 elementary teachers. The test was originally designed by

Horizon Research, Inc., for grade 4 through 6 elementary students. The use of the test, which was

originally designed for elementary students, with elementary teachers allowed a comparison

between the student and teacher groups. The reliability estimates for the subscales of the test were

reported for the pilot test data conductedwith 3,000 elementary students, andbr ranged from .63 to

.67, which is below the threshold for reliability of br ¼ :70, and it is unclear which estimate of

reliability was used. Additionally, information regarding the reliability of the measure for the

study sample of teachers was not provided. The test was administered at one time to measure the

teachers’ SCK in relation to what their students were expected to know and to examine the

teachers’ SCK in relation to classroom instruction. For the preservice teachers, the average

percentage of correct responses on the test was 79% and for the inservice teachers, it was 82%.

Furthermore, the researchers observed the accuracy of science content in classroom instruction

for both the preservice and inservice teachers and found that teachers’ SCK test scores, science

courses taken in college, comfort level with science content, and years of teaching experience (for

inservice teachers only) were not significant predictors of the accuracy of science content in

classroom instruction. The predictors that were significant in the model were access to kit-based

resources, grade level, and a preference for teaching science.

Heller et al. (2012) examined the effects of PD using a paper-based test of teachers’ SCK. The

researchers conducted a randomized experiment utilizing a pre and post administration to

compare three related, but systematically different, teacher science PD interventions and a control

group. The study administered a teachers’ SCK test on electric circuits consisting of 20 selected

response items, nine yes/no items, and four constructed response items to 270 fourth grade

teachers in six states. The Cronbach’s alpha for the test scores across all teachers were reported as

br ¼ :90, but the reliability results were not presented for each administration (i.e., pre, post).
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Results indicated that all three intervention groups had gains well beyond the control group with

no significant differences among the three intervention groups. A 1 year follow-up indicated that

the gains of the treatment groups were maintained. It is important to note that the test was on a

specific content topic rather than the science content covered throughout theyear.

While the studies above are notable for examining teachers’ SCK, there are several

limitations. First, one study is unclear about which estimate of reliability was used and reports the

reliability for samples other than that used in the study (Nowicki et al., 2013). Another study

reports only the Cronbach’s alpha estimate of reliability under the CTT framework (Heller et al.,

2012), which has been criticized as it represents only one possible source of inconsistency in

scores. Furthermore, the Cronbach’s alpha estimate of reliability is frequently misused since it is

often reported without testing the strict assumptions that are required to be a good estimate of

reliability (Raykov, 1997, 2001). Second, studies address reliability using the Cronbach’s alpha

estimatewithout providing evidence of validity. Evidence of construct validity has been discussed

in the literature (Messick, 1989, 1995), yet the studies focus on outcomes without addressing the

validity of the measures. An exception is Jüttner et al. (2013) who outline a theoretical model for

test development and use a Rasch partial credit model for the analysis. Third, many of the

measures were not developed to be used to evaluate PD that took place over multiple years, and

some measures address only one specific science topic. Yet, standardized measures intended to

evaluate longitudinal PDefforts are needed in order to answer the call for randomized experiments

incorporating standardizedmeasurements in longitudinal designs (NRC, 2002).

Our research, reportedhere, addresses the limitations found in the literature, asdescribedabove,

regarding thedevelopmentof teachers’SCKmeasures.First,weprovide informationonhowour test

was designed, how itemswere selected, and howourmeasure using aRasch analysiswas examined.

The results of our research may be useful for other researchers looking for existing measures or

followingthesteps in thedevelopmentandvalidationofnewmeasures.Second, thedevelopmentand

analysis of our measure addresses multiple pieces of validity evidence, including content validity,

internal structure validity, and external structure validity. Third, our measurewas comprehensive in

that it was used over time in a multiyear PD to detect change on science content covered at the

elementarylevelwithafocusonthefifthgradecontent,not justonespecificsciencetopic.

Overall, our research contributes to the literature by taking steps in developing an instrument

that has the potential to be widely used to measure elementary teachers’ SCK and to compare the

effectiveness of various PD interventions at increasing teachers’ SCK. Ball, Hill, and Bass, 2005

wrote: “Developing rigorous measures, and having a significant number of professional

developers use them, will help to build generalizable knowledge about teachers’ learning. . . .[M]

any studies are required in order tomake sense of how differences in program content might affect

teachers, teaching, and student achievement” (p. 45).

Project 1: P-SELL Efficacy Study

Sample

Project 1 took place in one large urban school district in the southeastern US with diverse

student and teacher populations. During the first year (2010–2011) of the project, the K-12

student demographic composition was 24% Black, 65% Hispanic, 9% White non-Hispanic,

and 2% Other; 72% received free or reduced price lunch (FRL); and 19% were designated as

limited English language proficient (LEP, the federal term) or ELLs.

ARCTwas conducted. At the timewhen schools were randomly selected to participate, there

were 238 elementary schools in the district. Initially, 23 schools were removed from the pool due

to participation in alternate district interventions, and nine schools were removed because they
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had participated in a previous version of our study. This resulted in a final pool of 206 eligible

schools. From this pool, 64 schools were randomly selected to participate in the study. The 64

schools were then randomly assigned, 32 to the treatment group and 32 to the control group. All

fifth grade teachers in the selected schools participated in the study.

Data Collection

All teachers were asked to complete a brief survey of their background information including

gender, ethnicity, native language(s) spoken, educational background (i.e., highest degree),

science background (i.e., number of science methods and science content courses taken in

college), and teaching experience (i.e., number of years teaching). Supplementary Table S1

presents sample descriptive statistics in terms of the demographic information and professional

backgrounds as reported by the Project 1 teachers. The SCK test was administered to teachers

prior to the beginning of the intervention and at the end of each school year. At each data

collection, most teachers completed the test with less than 6% not completing due to a variety of

reasons (e.g., refusal, teacher absent or on leave).

Time was coded as baseline (T0) when a teacher completed the test prior to beginning the

intervention, Time 1 (T1) at the end of the first year, Time 2 (T2) at the end of the second year, and

Time 3 (T3) at the end of the third year. A teacher could start participation during any time of the 3-

year intervention. If a teacher started teaching at a school during Year 3 of the intervention, when

the teacher completed the test at the beginning of the year, the time would be coded as T0, and at

the end of the year, the timewould be coded as T1 as it was his/her first year of participating in the

intervention. Table 1 displays the number of teacherswho completed the test at each time point for

Project 1. The maximum number of time points that a teacher could have for Project 1 is four

(Group 1), in which case the teacher completed a baseline test, participated in 3 years of the

intervention, and completed the test at the end of each year.

Classroom observations were conducted with one teacher randomly selected from each

school three times throughout the school year (for more information on the classroom

Table 1

Project 1 and project 2 patterns of teacher test data collection

Treatment (n¼ 183) Control (n¼ 176)

Project 1 (N¼ 359) n T0 T1 T2 T3 n T0 T1 T2 T3

Group 1 51 X X X X 38 X X X X
Group 2 32 X X X 33 X X X
Group 3 49 X X 66 X X
Group 4 10 X 12 X
Group 5 0 X X X 3 X X X
Group 6 14 X X 5 X X
Group 7 26 X 19 X
Group 8 1 X 0 X
Total 183 142 172 97 51 176 149 164 79 41

Treatment (n¼ 148) Control (n¼ 139)

Project 2 (N¼ 287) n T0 T1 n T0 T1

Group 1 126 X X 134 X X
Group 2 3 X 1 X
Group 3 19 X 4 X
Total 148 129 145 139 135 138

Journal of Research in Science Teaching

MEASURE OF TEACHER CONTENT KNOWLEDGE 377



observations and scales, see Lee&Maerten-Rivera, 2012; formore information on the SCK scale,

see Diamond, Maerten-Rivera, Rohrer, & Lee, 2013). Three members of the research team were

trained to conduct classroom observations. The observers were trained together during a one

week, four hour per day, training program led by experienced former observers. The training

objectivewas to ensure consistent scoring by learning how the observation scalesweremeant to be

interpreted, practicing the coding of observation notes from our previous research, and practicing

observations using videotaped lessons. Throughout the period of classroom observations, 10% of

the observations were conducted with pairs of observers and scores were compared to ensure

observer agreements. Scores that werewithin one point were considered agreement. Based on this

criterion, there was 95% agreement of scores between observers, and any discrepancies were

discussed tomake the scoringmore similar in the future.

For each observation, SCK was rated using a scale of 1–5 with higher scores representing

more knowledge demonstrated. If the randomly selected teacher remained in the study for

multiple years, that teacher was observed throughout. If a teacher left, a new teacher from the

schoolwas randomly selected for observations. The time for the observation is coded asYear 1 if it

was the teacher’s first year in the study, Year 2 if it was the teacher’s second year, and Year 3 if it

was the teacher’s third year. This was similar to the coding of time points for the test, except there

was no baseline collected for classroomobservations.

Instrument Construction and Content Validity

The SCK test for Project 1 was aligned with the fifth grade science content standards of the

state in which the research took place, at the time of developing the measure. The topics included

nature of matter, energy, force and motion, processes that shape the earth, earth and space,

processes of life, living things interactingwith the environment, and nature of science.

Two researchers took the lead in searching for test items that mapped onto these topics from

twomain sources: (a) publicly released items at fourth and eighth grades in NAEP 2000 and 2005

(https://nces.ed.gov/nationsreportcard/itmrlsx/landing.aspx) and (b) publicly released items at

fourth and eighth grades in TIMSS 1995, 1999, and 2003 (https://nces.ed.gov/timss/educators.

asp). In addition, previously developed project items were included in the pool of possible items;

these items had been developed and used on a student test in a previous version of the intervention.

NAEP reports the difficulty level of each item as easy, medium, or hard, alongwith the percentage

of national student respondents answering each item correctly. TIMSS reports the cognitive

domain as factual knowledge, conceptual knowledge, or reasoning and analysis, along with

the percentage of national and international student respondents answering each item correctly.

The two researchers reviewed items along with the information provided about each item and

ranked each item as easy, medium, or hard difficulty for the fifth grade student level. Most items

were ofmediumor hard difficulty,with fewer items of easy difficulty.

A pilot test was developed with 34 items, including five short and extended response items.

The test was piloted with a sample of 311 respondents, which included 144 K-6 teachers at five

elementary schools, 137 middle school students, and 30 college students (mainly majoring in

elementary education). These samples were selected because we had access to these respondents

and because we expected a range of SCK across these groups. The psychometric properties of

the test and the items were examined for the pilot test, and a comparison of the difficulty of the

items with the ability of the sample was conducted. The Cronbach’s alpha for the scores on the

pilot test was br ¼ :84.
A panel of researchers, district personnel, and classroom teachers reviewed the pilot test

information and chose 30 items that mapped onto the science topics assessed at fifth grade for the

final version of the test, which included 24 multiple-choice and six constructed response items.
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Only 30 items were selected because we wanted the test to take about 30minutes to complete.

Table 2 displays the test specifications, along with the item difficulty level assigned by the two

project researcherswho reviewed the items and source information.

The test with the correct answer for multiple-choice items denoted, and the scoring

rubric for constructed response items are available as supplementary material accompa-

nying the online article. The test was worth a total of 38 points. Each multiple-choice item

was worth 1 point, one constructed response item was worth 1 point, two were worth 2

points each, and three were worth 3 points each (see the rubric for details). An entire team

of raters participated in a one-hour training session prior to scoring. Then, a subgroup of

2–4 raters received training on each item and scored a subset of 10% of the tests. The

agreement between raters was greater than 90%, and disagreements were resolved by

group consensus, if needed.

Data Analysis

This section outlines the data analysis used to examine the final version of the teachers’ SCK

test used in Project 1. First, the unidimensionality of the measure was examined. Second, the

Rasch analysis was conducted. There were 291 respondents at T0, 336 at T1, 176 at T2, and 92 at

T3 (see Table 1). The unidimensionality and Rasch analysis were conducted for each time point,

Table 2

Project 1 and project 2 test specifications

Strand
Easy

difficulty
Medium
difficulty

Hard
difficulty Total

Project 1 Test
Nature of matter 8t*, 12D* 7t, 15n 18t 5
Energy 21N 26t, 29T 6n*, 10N 5
Force and motion 13D, 25D, 24D, 9T 2T, 28N 6
Processes that shape the Earth 17N 16T* 2
Earth and space 11t, 23T 30T 3
Processes of life 4t* 1
Living things interacting with
environment

(21), 20n 14N 22N, 1D 4

Nature of science (8*) 3n, 5t, (17), (25) 27D* (6*), 19n 4
Total 4 16 10 30
Project 2 Form 1
Earth and space 18F, 14X 6T, 10N, 20TL, 24C, 27T 17NL*,28P 9
Life science 31C, 32R 3T, 8X, 11T, 22T, 25TL 7Y, 13NL 9
Physical science 1T, 5X 4NL*, 15TL, 16M, 19X, 23M, 30NL 26NL 9
Nature of science 2T, 21NP 12P, 33PL, 29T 9n* 6

Total 8 19 6 33
Project 2 Form 2
Earth and space 21T, 24S 10N, 5N, 16P, 20FL, 29X 6T, 17NL* 9
Life science 3F, 14T 11T, 12P, 25TL, 28F, 31T 7T, 13NL 9
Physical science 2M, 27F 4NL*, 15TL, 18T, 19T, 30NL, 32X 26NL 9
Nature of science 1T, 23n 8T, 22T, 33PL 9n* 6

Total 8 19 6 33

()Nature of science is embedded in these items; *Short response; CCalifornia fifth grade; FFlorida item eighth grade;
MMaine item eighth grade; nNAEP item fourth grade; NNAEP item eighth grade; PNAEP item 12th grade; RNorth Carolina

fifth grade; SMassachusetts eighth grade; tTIMSS item third/fourth grade; TTIMSS item seventh/eighth grade; XTexas item

10thgrade; YNewYork eighth grade; LLinking item.
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and all respondents at that time point were included in the analyses. Finally, convergent validity

was assessed by examining relationships between the test and other measures. All respondents

with validmeasureswere included in these analyses.

Unidimensionality.The testwas assessed for unidimensionality by conducting a confirmatory

factor analysis (CFA) using theMplus software (Muthén&Muthén, 2012)with thevariance of the

latent ability variable set to s2¼ 1 for model identification purposes. To account for discrete or

ordinal item scoring, weighted least squares estimation with adjusted means and variances was

used.Model fit was evaluated using the root mean square error of approximation (RMSEA) as it is

considered appropriate for this type of estimation, whereas other fit indices (e.g., CFI, TLI) are not

appropriate (Muthén & Muthén, 2012) with the criteria of good model fit as RMSEA <.06. The

90% confidence interval for RMSEAwas presented with the criteria for good model fit being a

lower bound no higher than RMSEA¼ .05 and an upper bound no higher than RMSEA¼ .08 (Hu

&Bentler, 1999). In addition, the standardized factor loading (l) of each item onto the latent trait

was assessed for magnitude and statistical significance; l� .30 is considered an acceptable

magnitude (Crocker & Algina, 1986), and for this study, p< .05 was considered statistically

significant.

RaschModel.After conducting the dimensionality analysis, the test was calibrated using the

unidimensional Rasch model for dichotomous (i.e., multiple choice) items (Rasch, 1960) and the

partial creditmodel (PCM) for polytomous (i.e., constructed response) items (Masters, 1982). The

calibrations were completed separately for each time point. The probability of correctly

responding to an item (i.e., obtaining a score of 1) in theRaschmodel is defined as

Pið1Þ ¼ expðu � biÞ
1þ expðu � biÞ ð1Þ

where i represents an item, b is the difficulty parameter of item i, and u is the unidimensional

latent trait measured by the set of items. The PCM defines the probability of selecting a particular

category response as

PiðgÞ ¼

Pg
eXi¼0

ðu � bixÞ

Pm
Xi¼0

e

Px
Xi¼0

ðu�bixÞ
ð2Þ

where response options are defined as X¼ 0, 1, . . ., g, . . .m, bix represents the difficulty

associatedwithmaking the step from x–1 to x on item i, and notmaking a step on item i (i.e., g¼ 0)

has its term set to 0, or

Xg¼0

Xi¼0

ðu � bixÞ ¼ 0 ð3Þ

For calculations, the Rasch software Winsteps (Linacre, 2012) was used, which uses joint

maximum likelihood estimation techniques. To maintain a constant scale across the time points,
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the item difficulty parameter estimates (bi) were anchored to the baseline parameter estimates

during calibrations ofT1, T2, andT3.

Both item reliability and person reliability estimates from the Rasch model were examined.

Reliability estimates are reported on a 0–1 scale and, in general, reliabilities of br ¼ :70 or above
are considered acceptable for instruments with low stakes (Nunnally, 1978), such as those

intended to answer research and evaluation questions. Item reliability is an estimate of the ability

to confirm the itemdifficulty hierarchy of themeasure and is dependent on item difficulty variance

(i.e., a wide range of difficulty) and person sample size (i.e., larger samples lead to higher

reliability). Low item reliability is indicative that the sample is not large enough to precisely locate

the items on the latent variable. Person reliability in the Rasch model is comparable to the

traditional “test” reliability but does not suffer from the same psychometric assumption problems

as seenwithCronbach’s alpha; lowperson reliability implies that themeasuremaynot be sensitive

enough to distinguish between high and low performers. Low person reliabilities may result from

several sources: (a) a narrow ability range in the sample, (b) the length of the test (i.e., a longer test

leads to increase in person reliability), and (c) items that are mismatched to the ability level of the

population beingmeasured.

The infitmean-square (infit) and outfitmean-square (outfit) were examined to assess the level

of productive measurement provided by each of the test items. The infit is sensitive to unexpected

patterns of observations by persons on items that are roughly targeted toward their ability level

(i.e., persons with abilities more closely matching the item difficulty are not performing as

expected). The outfit is sensitive to unexpected observations by persons on items that are relatively

easy or hard for them (i.e., persons with abilities quite different from the item difficulty are not

performing as expected). Infit and outfit estimates below 0.5 and above 1.5 indicate problematic

item fit, yet high estimates are a greater threat to validity than low estimates. Interpretation of

parameter-level mean-square fit statistics is >2.0 distorts or degrades the measurement system;

1.5–2.0 is unproductive for construction ofmeasurement, but not degrading; 0.5–1.4 is productive

formeasurement; and<0.5 is less productive formeasurement, but not degrading (Linacre, 2014).

Next, construct validity of the test was evaluated through the use of a person-item map for

each time point. The person-item map plots the relative difficulty of the test items (on the right-

hand side) to the ability of the persons measured (on the left-hand side). Persons at the base of the

map are those with the lowest ability with regard to SCK, while those at the top are those with the

highest ability. Similarly, items at the base of themap are easier for respondents, while items at the

top are more difficult for respondents. In addition, the mean ability on the test and the mean item

difficulty are noted by an “M” on each side of the map. An “S” is used to denote one standard

deviation from the mean, and “T” denotes two standard deviations from the mean. This provides

information regarding the difficulty of the test in relation to the ability of the respondents.

Convergent Validity. As part of the Rasch analysis, each person is given a person ability

estimate based on her/his responses to the items. This person measure is reported in standard

deviation units with 0 representing a teacher with SCK equivalent to the sample average, þ1

representing a teacher one standard deviation above the average of the sample, and so forth.

Evidence of validity is collected by examining the associations between the ability estimates and

other constructs towhich ability (or SCK) are hypothesized to relate (convergent validity).

The personmeasure ability estimateswere used to examine relationshipswith other variables.

First, Pearson correlation coefficients were used to examine relationships with other continuous

variables, including the ability estimates from other time points, number of college science

methods courses taken, and number of college science content courses taken. Second, point

biserial correlations were used to examine relationships with the dichotomous variable of group
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(control group coded as 0 and treatment group coded as 1). In addition to the correlation

coefficient, themean and standard deviation for each time point are presented for comparison.

Third, evidence of convergent validity was investigated by relating SCK ability estimates to

SCK classroom observation scores. Generalizability theory was utilized to analyze observation

data ( Brennan, 2001; Cronbach, Nageswari, & Gleser, 1963), as the theory provides methods for

determining if it is psychometrically appropriate to combine multiple measurements of the same

construct (i.e., teachers’ SCK) across facets (i.e., observations over time within a year). Crocker

and Algina (1986) provide multiple methods for producing this G-coefficient, which can be

interpreted as the percentage of variance in the average of observation scores that is due to teacher

differences. Similar to reliability coefficients, it is desirable to have aG-coefficient�.70. For all 3

years, the G-coefficient for teachers’ SCK through observationswas above .70. For each observed

teacher, the scores from the three observations were averaged to calculate an SCK observation

score. For the subsample of observed teachers, the observation score was correlated with the test

ability estimate.

Results

Dimensionality Results. The dimensionality of the SCK test was assessed for all four time

points. The model fit the data well at T0 (RMSEA¼ .036, CI90%¼ .028, .043), T1

(RMSEA¼ .032, CI90%¼ .024, .039), and T2 (RMSEA¼ .050, CI90%¼ .041, .059), indicating

that the itemswere all measuring a single construct. However, themodel did not fit the datawell at

T3 (RMSEA¼ .092, CI90%¼ .081, .103). At T3, the sample size (n¼ 92) was considerably

smaller than at the other time points due to teacher attrition over time,whichmay have contributed

to the lack of model fit. Most of the factor loadings for T3 were similar to the other time points.

However, all of the constructed response items had low, and sometimes negative, factor loadings,

whichmayhave been due to the small sample size.

RaschModeling Results. The person and item reliability estimates for the teachers’ SCK test

at each of the time points, along with the infit and outfit for each item, is displayed in Table 3. The

item reliability estimates were acceptable at T0 (br ¼ :97), T1 (br ¼ :96), T2 (br ¼ :90), and T3

(br ¼ :80). These item reliability estimates suggest that the item difficulty hierarchy of the test was

confirmed in the sample at each time. The person reliability estimate was acceptable at T0

(br ¼ :72), but was low at T1 (br ¼ :65), and continued to drop at T2 (br ¼ :54) and T3 (br ¼ :58).
This finding suggests that the test was not sensitive enough to distinguish between teachers with

different levels of SCK, particularly at T2 andT3.

In Table 3, infit and outfit statistics below0.5 and above 1.5 are in bold to indicate problematic

itemfit. Themodel fit the datawell for each item at the T0 administrationwith the exception of one

lowoutfit statistic for item20.At T1 andT2, a couple of items had infit or outfit statistics outside of

the range, yet only item 9 at T1 was above 2.0 (outfit¼ 2.18). At T3, there were again some items

outside of the range. Of great concern is item 8 that had poor infit (9.9) and poor outfit (8.07),

which indicates that persons with abilities closely matching the difficulty of this item did not

answer as expected (poor infit), and persons with abilities different from the difficulty of the item

did not answer as expected (poor outfit).

Figure 1 displays the person-item map for each of the times. The item difficulty parameter

estimates (bi) were anchored when calibrating T1, T2, and T3. Therefore, the scale is constant

across themaps.AtT0, the difficulty of the items tended to be lower than the ability of the teachers.

The map for T0 indicates that many of the items captured the most information on teachers with

ability levels 1 or 2 SDs below the average of the item difficulties. However, most teachers had a

higher ability estimate, usually between 0 and 3 SDs above the item difficulty average, though a
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few teachers were as high as 6 SDs above the item difficulty average. At T1, the ability level of the

teachers did increase, as more teachers were in the range of 3–5 SDs above average item difficulty

level. However, this makes the mismatch of items to the ability level worse as the test became

extremely easy. This continued at T2 andT3, as it seems the testwas unable to distinguish between

teachers at higher ability levels, thus contributing to the low person reliability estimate. The

percentage of respondents answering items correctly also demonstrates that many of the items

were not difficult for teachers. At T0, 9 multiple-choice items were answered correctly by 90% or

more of the sample; at T1,12 itemswere answered correctly by 90%ormore; and at T2 and T3, 14

itemswere answered correctly by 90%ormore.

Convergent Validity. Table 4 displays the intercorrelations of the variables examined. First,

correlations between the test ability estimates for the different time points were examined. The

Pearson correlation coefficients were all statistically significant and large in magnitude. In

addition, the general pattern is thatmeasurements closer togetherweremore highly correlated; for

Table 3

Project 1 Rasch modeling results

T0 T1 T2 T3

Person reliability .72 .65 .54 .58
Item reliability .97 .96 .90 .80

Item Infit Outfit Infit Outfit Infit Outfit Infit Outfit
1 1.03 0.96 1.25 1.18 1.24 1.08 1.22 1.11
2 1.00 1.03 0.93 0.85 0.85 0.85 0.95 1.04
3 1.02 0.82 1.27 0.98 1.01 0.36 1.13 0.45
4 1.05 1.23 1.79 1.57 1.10 1.18 1.22 0.87
5 1.08 1.25 1.04 1.12 1.34 1.38 1.32 2.40
6 1.00 0.98 1.10 1.14 1.17 1.26 1.03 0.96
7 0.95 0.68 0.61 0.43 0.59 0.41 0.35 0.48
8 0.92 0.73 1.76 1.92 1.71 0.83 9.9 8.07
9 1.12 1.30 1.97 2.18 1.53 1.31 2.05 2.36
10 1.10 1.08 1.04 1.13 0.76 0.74 0.76 0.78
11 1.05 0.99 0.98 0.87 0.72 0.80 0.60 0.29
12 1.25 1.25 1.24 1.26 1.73 1.89 1.54 1.54
13 1.00 0.75 0.67 0.36 0.26 0.24 1.00 1.00

Item fit 14 1.02 0.61 1.75 0.97 1.68 1.46 1.93 1.08
15 1.02 1.00 1.04 0.94 0.95 0.79 0.70 0.50
16 0.95 0.85 1.26 1.32 1.48 1.33 1.40 1.43
17 0.95 0.92 1.15 1.18 0.77 0.68 1.01 0.82
18 0.95 0.87 1.10 1.02 1.16 1.20 1.06 0.74
19 0.85 0.59 0.88 0.58 1.01 0.93 0.59 0.48
20 0.86 0.32 0.71 0.25 0.44 0.07 0.89 0.89
21 0.89 0.68 0.97 0.73 0.73 0.10 1.39 0.65
22 0.90 0.56 1.16 0.61 0.52 0.12 0.44 0.24
23 0.88 0.69 0.91 0.81 0.64 0.47 0.50 0.27
24 1.02 1.09 1.32 1.99 1.27 1.56 1.54 2.33
25 0.87 0.85 1.50 1.58 0.89 0.64 0.84 1.10
26 0.89 0.62 0.96 0.68 0.62 0.34 0.60 0.31
27 1.15 1.15 1.81 1.86 1.44 1.42 1.41 1.42
28 1.19 1.33 1.24 1.32 1.26 1.27 1.20 1.22
29 0.97 0.79 0.87 0.78 0.77 0.84 0.42 0.24
30 0.92 0.87 0.91 0.80 0.98 0.94 0.72 0.60

Infit andoutfit statistics below0.5 and above1.5 are in bold to indicate problematic itemfit.
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example, the T3 estimates had a higher correlation with T2 (r¼ .72, p< .001) than T0 (r¼ .57,

p< .001) or T1 (r¼ .68,p< .001).

Number of college science methods courses and number of college science content courses

were examined for their relationships with the test ability estimates at T0 and T1 only, as the

person reliability estimates were higher for the T0 and T1 test. Neither of these two variables was

significantly related to the test ability estimates at T0 orT1.

At T0, the point biserial correlation for the group variable with the test ability estimates was

not statistically significant (r¼ .02, p¼ .704). However, at T1, group had a statistically significant

correlation to the test ability estimates (r¼ .15, p¼ .005). Themean and standard deviation for the

test ability estimates at each time point are displayed in Supplementary Table S2. At T0, the mean

Figure 1. Project 1 person-itemmaps.
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of the treatment group (M¼ 2.03, SD¼ 1.12) was similar to that of the control group (M¼ 1.97,

SD¼ 1.10). However, at T1, the treatment groupmean (M¼ 2.81, SD¼ 0.94)was higher than that

of the control group (M¼ 2.48, SD¼ 1.20). Although the magnitude of the effect for the

correlation was small, it does indicate that the test was able to detect some change based on

participating in aPD to increase teachers’ SCK.

Finally, the SCK observation scores were examined for their relationships with the SCK test

ability estimates. Again, the test ability estimates at T2 and T3were not included in these analyses

since the person reliability estimates were low. The Year 1 observation score was significantly

correlated with both the T0 estimates (r¼ .37, p< .001) and the T1 estimates (r¼ .38, p< .001).

The Year 2 observation score was significantly correlated with T1 estimates (r¼ .31, p¼ .034).

The magnitudes of these correlations were moderate in size. This finding suggests that the SCK

test is related to the SCKobservations.

Project 2: P-SELL Effectiveness Study

Sample

Project 2 took place in three school districts with diverse student and teacher populations

within the same state as Project 1. The demographic information for each of the districts pertains

to the first year (2012–2013) of the project. District Awas located in the northeastern part of the

statewith a K-12 student demographic composition of 45%Black, 8%Hispanic, 40%White non-

Hispanic, and 7% Other; 52% received FRL; and 3% were designated as LEP. District B was

located in the southwestern part of the statewith aK-12 student demographic composition of 28%

Black, 15%Hispanic, 51%White non-Hispanic, and 6%Other; 52% received FRL; and 8%were

designated as LEP. District C was located in the central part of the state with a K-12 student

demographic composition of 30%Black, 34%Hispanic, 28%White non-Hispanic, and 8%Other;

60% receivedFRL; and 14%were designated asLEPorELLs.

An RCTwas conducted. During the 2012–2013 school year, District A had 103 elementary

schools, District B had 44 elementary schools, and District C had 125 elementary schools.Within

each of the three school districts, 22 schoolswere randomly selected to participate, yielding a total

of 66 participating schools. To ensure that the selected schools would have a LEP population

representative of the district as awhole, half of the schoolswere randomly selected from schools in

the district withmore than themedian percent LEP and the other half from schoolswith fewer than

themedian percent LEP.Within each district, half of the selected schools were randomly assigned

Table 4

Project 1 intercorrelations

T0 (n) T1 (n) T2 (n) T3 (n)

T0 — .66** (259) .64** (146) .57** (89)
T1 — — .72** (172) .68** (93)
T2 — — — .72** (91)
Years teaching .07 (236) .07 (316) — —
Science methods courses .05 (265) .06 (304) — —
Science content courses .08 (269) .06 (312) — —
Science knowledge observation scores Year 1 .37** (94) .38** (102) — —
Science knowledge observation scores Year 2 — .31* (46) — —
Group .02 (281) .15** (332) — —

Values in parentheses represent the number of teachers for each correlation.
*p< .05; **p< .01.
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to the treatment group and half to the control group, yielding a total of 33 schools in the treatment

group and 33 schools in the control group across the three districts. All fifth grade teachers in the

selected schools participated in the study.

Data Collection

The data collection and coding of time points was the same as those in Project 1. The

exceptionwas that for Project 2, themaximumnumber of time points that a teacher could havewas

two (Group 1), in which case the teacher completed a baseline test, participated in one year of the

study, and completed the test at the end of the year. This is because at the time of the study, only

1 year of the 3-year intervention was completed. However, we were able to examine the internal

and external structure of the test alongwith evidence of convergent validity and assess whether we

had addressed some of the weaknesses of the Project 1 test. Supplementary Table S1 presents

sample descriptive statistics, and Table 1 displays the number of teachers who completed the test

at each time point. At each data collection, most teachers completed the test with less than 3% not

completing due to a variety of reasons (e.g., refusal, teacher absent or on leave).

Instrument Construction and Content Validity

The Project 2 test differed from the Project 1 test in three main ways. First, the state adopted

new science standards with 18 “big ideas” in 4 strands: the practice of science, earth and space

science, life science, and physical science. Thus, the Project 2 test was developed around these

strands, and the content differed somewhat from the science topics covered in the Project 1 test.

Second, results of the Project 1 test suggested that the test was too easy for the teacher sample,

as it was developed to measure SCK at the fifth grade level. For the Project 2 test, the overall

difficulty level was increased. Third, in Project 1, the test might have been too easy for teachers

over time as they were taking the same test repeatedly. For Project 2, two equated forms of the

test were developed with approximately 10% of the items being linking items (i.e., appearing on

both forms to link the scores from the two forms). A schedule was set up such that teachers who

participated in the full 3 years of the study took Form A at T0, Form B at T1, Form A again at

T2, and form B again at T3. Although they took each form twice, it was nearly 2 years in

between answering the same form. In addition, this schedule of test administration should have

reduced memory effects, where teachers retaking the same form might have recalled their

answers to the previous form or have discussed answers with others prior to retaking the test.

Again, the same two researchers whoworked for Project 1 took the lead in searching for items

that mapped onto the new science standards in the state from NAEP and TIMSS public release

items. They focused on more difficult items that were typically administered at the middle and

high school levels. This added some challenge to finding appropriate items because it was hard to

find more difficult items that covered the more basic content areas at the elementary school level.

On the Project 2 test, we did not include any project-developed items; rather, if an item on a topic

covered by the standardswas not found inNAEPorTIMSS,we searched public release items from

other states’ assessments. The items considered for the pool were rated as being of easy, medium,

or hard difficulty for a fifth grade teacher (as opposed to at the fifth grade level in Project 1) with

consideration of information from the original sources.

Two forms were pilot tested with 33 total items on each form, of which three were

constructed response items. The forms were piloted as an online test with a time limit in

order to deter teachers from looking up the correct answers. Initially, fifth grade teachers

in the state in which the research was conducted were recruited, excluding the three school

districts participating in the research, but not enough fifth grade teachers responded.

Therefore, K-5 grade teachers in another state were also recruited because we had access
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to these respondents. Form 1 was completed by 25 in-state fifth grade teachers and 76 out-

of-state K-5 grade teachers; Form 2 was completed by 25 in-state K-5 grade teachers and

50 out-of-state K-5 grade teachers. An analysis of variance (ANOVA) demonstrated that

on both Form 1 and Form 2, in-state K-5 grade teachers scored significantly higher than

out-of-state K-5 grade teachers, which was probably because the content was based on the

state science standards for fifth grade at which science was tested and counted toward

school accountability.

The psychometric properties of the test and the items were examined for the pilot tests,

including the percentage of respondents answering items correctly and a comparison of the

difficulty of the items with the ability of the sample. More weight was given to information from

the in-state sample when making decisions. The Cronbach’s alpha for the scores on the pilot tests

of Form1wasbr ¼ :84, andForm2wasbr ¼ :78.
Two final forms of the test were developed. For each form, 33 itemswere chosen that mapped

onto the topics assessed at fifth grade, and each included 30multiple-choice and three constructed

response items. There were nine linking items, including all three of the constructed response

items. One item fromProject 1was included on FormA, and one item fromProject 1was included

on FormB. Table 2 displays the test specifications, along with the item difficulty level and source

information.

The Form A test with the correct answer for multiple-choice items denoted and scoring

rubric for the constructed response items are available as supplementary material accompa-

nying the online article. Form B is not available as this form is currently being used. Both forms

of the test were worth a total of 40 points. Each multiple-choice item was worth 1 point, one

constructed response item was worth 2 points, and two constructed response items were worth

4 points each (see the rubric for details). A team of raters participated in a 2 hour training

session prior to scoring responses to each item. All the tests were independently scored by two

raters. Disagreements were resolved by a third round of scoring and group consensus, if needed.

The inter-rater agreement for all three items on the pre and posttest was excellent (weighted

Kappa above 0.75).

Data Analysis

The psychometric analysis of internal and external structure was examined by assessing

the unidimensionality and Rasch model in the same way as Project 1. There were 264

respondents at T0 and 283 at T1 (see Table 1). The unidimensionality and Rasch analyses were

conducted for each time point, and all respondents at that time point were included in the

analyses. Evidence of convergent validity was collected by examining the associations between

the test ability estimates and the other variables in the same way as Project 1 with the exception

of SCK observation scores. All respondents with valid measures were included in these

analyses. Classroom observations were conducted with one teacher randomly selected from

each school two times throughout the school year, and the same SCK classroom observation

scale was used as in Project 1. However, in Project 2, the G-coefficient for teachers’ SCK

classroom observations was below .70, which was not acceptable. This was probably because

only two observations were conducted, whereas in Project 1, three observations were

conducted.

Results

Dimensionality Results.The dimensionality of the test was assessed for both time points (i.e.,

T0 and T1). The model fit the data well at T0 (RMSEA¼ .018, CI90%¼ .000, .028) and T1
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(RMSEA¼ .017, CI90%¼ .000, .027), indicating that the items were all measuring a single

construct.

Rasch Modeling Results. The person and item reliability estimates for the test at each of the

time points, along with the infit and outfit for each item, are displayed in Table 5. The item

reliability estimateswere acceptable at T0 (br ¼ :97) andT1 (br ¼ :95),which suggest that the item
difficulty hierarchy of the test was confirmed in the sample at each time. The person reliability

estimate was acceptable at T0 (br ¼ :77) and at T1 (br ¼ :76), which suggests that the test was

sensitive enough to distinguish between teachers with different SCK at both T0 and T1. Project 2

was an improvement over Project 1where the test had acceptable person reliability only at T0. The

improved person reliability estimates were probably due to the higher difficulty level of the test,

such that even at T1when teachers’ scores increased the testwas able to detect differences.

Table 5

Project 2 Rasch modeling results

T0 T1

Person reliability .77 .76
Item reliability .97 .95

Item Infit Outfit Infit Outfit
1 0.97 0.83 1.06 1.10
2 1.08 1.16 1.11 1.07
3 0.95 0.85 1.10 1.08
4 1.07 1.08 0.94 0.90
5 1.06 0.97 0.90 0.61
6 0.91 0.83 0.97 0.93
7 1.22 1.59 1.05 1.04
8 0.93 0.82 0.88 0.58
9 1.02 1.02 1.14 1.17
10 0.94 0.91 1.07 1.11
11 1.07 1.09 1.09 1.15
12 1.01 0.97 0.96 1.00
13 1.02 0.99 1.19 1.19

Item fit 14 0.94 0.83 0.83 0.43
15 0.91 0.79 1.04 0.89
16 1.06 1.03 1.16 1.18
17 0.99 0.98 1.00 1.01
18 1.14 1.35 0.87 0.76
19 1.03 1.06 1.20 1.29
20 0.94 0.51 0.93 0.92
21 1.05 1.15 0.93 0.70
22 1.02 1.01 0.86 0.63
23 0.95 0.87 0.99 0.98
24 0.87 0.74 0.89 0.81
25 0.93 0.79 0.84 0.85
26 0.97 0.96 1.04 1.05
27 1.02 1.10 1.05 1.16
28 0.96 0.94 1.06 1.03
29 0.96 0.82 0.90 0.85
30 1.06 1.09 1.10 1.08
31 0.86 0.75 0.88 0.82
32 0.99 0.93 1.00 0.94
33 1.03 1.23 1.06 1.03

Infit and outfit statistics below0.5 and above1.5 are in bold to indicate problematic itemfit.
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In Table 5, infit and outfit statistics below0.5 and above 1.5 are in bold to indicate problematic

itemfit.At T0, the outfit of item 7was slightly above 1.5 (outfit¼ 1.59), and at T1 the outfit of item

14 was slightly below 0.5 (outfit¼ 0.43). However, neither of these items is of great concern as

theyare not far from the cutoff points.

Figure 2 displays the person-item map for each of the times. The item difficulty parameter

estimates (bi) were anchored when calibrating T0 and T1; therefore, the scale is constant across

themaps. It should also be noted that the formswere equated and certain items remained the same

from T0 to T1 (see Table 2 for linking items). However, most items were not the same on both

forms; therefore, an itemmay be easy at T0 and difficult at T1 as it is not the same item. At T0, the

difficulty of the items tended tomatch the ability of the teachers quitewell. At T1, the ability level

of the teachers did increase, as more teachers were in the range of 2–3 SDs above the average item

Figure 2. Project 2 person-itemmaps.
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difficulty level. The mismatch is not extreme, and the person reliability estimates are acceptable.

This finding suggests that in Project 2, the increased difficulty of the test improved its

psychometric properties. Furthermore,the test was not too difficult. If the test were too difficult, it

would have failed to accuratelymeasure the intended construct of teachers’ SCK.

Convergent Validity. Table 6 displays the intercorrelations of the variables examined. First,

the correlation between the test ability estimates for T0 and T1 were examined. The Pearson

correlation coefficient was statistically significant and large in magnitude (r¼ .77, p< .001),

suggesting that the same constructwas beingmeasured over time.

Number of college science methods courses and number of college science content courses

were examined for their relationships with the test ability estimates for both time points. The

number of sciencemethods courses had a statistically significant negative correlationwith the test

ability estimates at both T0 (r¼�.12, p¼ .046) and T1 (r¼�.12, p¼ .044). The number of

college science content courses had a small positive correlation with the test ability estimates at

T0, which approached statistical significance (r¼ .11, p¼ .065); at T1, the correlation was again

small and positive butwas statistically significant (r¼ .20, p¼ .001).

At T0, the point biserial correlation for the group variable with the test ability estimates was

not statistically significant (r¼ .03, p¼ .592). However, at T1, group had a statistically significant

correlation to the test ability estimates (r¼ .13, p¼ .031). Themean and standard deviation for the

test ability estimates for each time point are displayed in SupplementaryTable S3.AtT0, themean

test ability of the treatment group (M¼ 1.31, SD¼ 0.97) was similar to that of the control group

(M¼ 1.26, SD¼ 0.92). However, at T1, the treatment group mean (M¼ 1.88, SD¼ 1.02) was

higher than that of the control group (M¼ 1.61, SD¼ 0.96). Although themagnitude of the effect

for the correlationwas small, the finding does indicate that the test was able to detect some change

based on participating in the intervention. A one-way between groups ANOVA model was

examined to determine if change in SCK as measured by the difference between the pretest and

posttest ability estimates differed by group. Teachers participating in the intervention demonstrat-

ed a statistically significant larger increase in SCK (F(1,258)¼ 5.95, p¼ .015). The partial eta

squared measure of effect size (hp
2¼ .03) suggested that 3% of the variance in difference scores

was explained by group,which is small butmeaningful.

Discussion and Implications

The development of the SCK test in the study was motivated by the need for

standardized measures that can be used across various studies. Specifically, this study

examined (a) evidence on the internal structural features, (b) external structural evidence

of convergent validity, (c) ability to differentiate between groups and detect change over

time, and (d) generalizability across groups.

Table 6

Project 2 intercorrelations

T0 (n) T1 (n)

T0 — .77** (260)
Years teaching �.03 (280) �.07 (260)
Science methods courses �.12* (283) �.12* (263)
Science content courses .11 (283) .20** (263)
Group .03 (283) .13* (265)

Values in parentheses represent the number of teachers for each correlation.
*p< .05; **p< .01.

Journal of Research in Science Teaching

390 MAERTEN-RIVERA ET AL.



Discussion

Internal Structural Features. The SCK test developed for Project 1 had acceptable person

reliability estimates at T0, but the estimateswere below the threshold considered acceptable at T1,

T2, andT3. Furthermore, the itemfit statistics suggested that someof the items on the Project 1 test

were not productive for the measurement of teachers’ SCK, particularly at the later time points.

The person-itemmaps suggested that at T0 the test matched the ability level of respondents fairly

well, but at T1, T2, andT3, the test became easy for respondents.

To improve the psychometric properties of the SCK test for Project 2, the overall item

difficulty level was increased and two equated forms were developed with linking items so that

teachers would not respond to the same items repeatedly. The results from Project 2 indicated that

the person reliabilitywas acceptable at both times, whichwas an improvement over Project 1. The

itemfit statistics also indicated that all itemswere productive inmeasuring teachers’ SCK. Finally,

the person-item maps indicated that the test ability estimates for teachers were higher than the

items, yet ability level and items were fairly well matched. Project 2 created a balance in that the

test had stronger psychometric properties, yet it was not so difficult that it was not able to

accuratelymeasure teachers’ SCK.

External Structural Evidence of Convergent Validity. In both Project 1 and Project 2, the test

ability estimates across time points were related to each other. In Project 1, therewas a pattern that

measurements closer together in time were more highly correlated, which provides evidence of

convergent validity. In Project 1, the test ability estimateswere not related to the number of science

methods courses taken or the number of science content courses taken. The lack of a correlation

with content courses is surprising, but other research has found that number of college science

courses was not related to elementary teachers’ SCK (Nowicki et al., 2013). This finding may be

because the knowledge needed at the elementary level is not the same as that covered in college-

level science courses. In Project 2, the correlation between SCK ability estimates and the number

of science content courses taken approached significance at T0, and the correlationwas significant

at T1; at both times, the magnitude of the effect was small. In contrast, the correlation between

SCKability estimates and the number of sciencemethods courses takenwas significantly negative

at T0 and T1; at both times, the magnitude of the effect was small. This finding suggests that the

more difficult test from Project 2 was related to more SCK developed through college-level

science courses, evidence of convergent relationships, whereas science methods courses may not

be related to SCK.

The most compelling evidence of convergent relationships was that the test ability estimates

were moderately related to the SCK observation scores in the subsample of teachers in Project 1.

This finding suggests that the test was able to measure teachers’ SCK needed in classroom

instruction.

Ability to Differentiate Between Groups and Detect Change Over Time. In Project 1, the test

ability estimates at T0were not related to group, but theywere at T1. This finding suggests that the

test ability estimates by group were changing over time based on the effect of the intervention.

This is stated with the acknowledgement that for Project 1 the person reliability estimates at T1

were not quite at the acceptable threshold. Results from Project 2 were more promising, as again

the test ability estimates were not related to group at T0, but they were at T1. ANOVA results

suggested small differences between the groups in the change found between the two

measurement time points. Thus, the test was able to detect some change over time (between T0

and T1) in the teachers and some difference between the treatment and control group at T1. This

finding suggests that a measure like our test may be useful in evaluating the effects of PD on
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teachers’ SCK.Although the effect sizewas small, according to Lipsey et al. (2012); a small effect

size is practically meaningful in educational interventions. Furthermore, more advanced analyses

(i.e., repeated measures ANOVA, multilevel model, latent growth model) can control for other

variables (e.g., baseline SCK, number of years teaching, number of science courses taken), and

further analyses can determine if the effect is larger, especially in regards to particular teachers

(e.g., teachers’with lowbaseline science knowledge).

Generalizability Across Groups. This research used two different projects with different

sample characteristics. Results from the two projects, as discussed in the sections on Project 1 and

Project 2, are similar with regard to internal structural features, external structural evidence, and

the ability to differentiate between groups and detect change over time.

Implications

Contributions.Science education researchers have consistently called for the development of

more rigorous measures using more advanced methodologies, like Rasch models, to establish

validity and reliability (Liu, 2009, 2012) and for these measures to be used across studies in order

to build generalizable knowledge (Ball et al., 2005). Similarly, teacher PD researchers have called

for the development of standardized measures of teachers’ knowledge and practices (Desimone,

2009). This study provides a description of one measure used to evaluate teachers’ SCK in two

multiyear PD intervention projects. The studymakes an important contribution to the literature on

teachers’ SCK, PD, and measurement. We have learned that developing a measure of teachers’

SCK can be difficult but is possible. Other researchers may be able to use our tests in their own

research or gain insight from the processes used and lessons learned, as discussed below.

First, previous research on teachers’ SCK measures typically used the CTT framework and

reported only the Cronbach’s alpha estimate of reliability. We applied the Rasch measurement

model, which allowed us to estimate person reliability and item reliability and to conduct a

detailed item analysis. Though results from Project 1 were promising, using the information from

the analyses, we were able to improve the psychometric properties of the test for Project 2 by

increasing the item difficulty to more closely match the knowledge of the teachers. The challenge

of matching item difficulty to ability estimates has been noted in the literature with some

researchers finding that test items were, on average, too easy (Hill et al., 2004) and other

researchers finding that test items were difficult for typical respondents (Jüttner et al., 2013). It is

apparent that there needs to be more difficult items on a test of SCKwith teachers, yet the content

of the itemsmust be consistent with thematerial covered in PD to reasonably expect change on the

content tested. In addition to SCK, researchers have included items measuring teachers’

pedagogical content knowledge (Hill et al., 2004; Hill, 2010; Jüttner et al., 2013; Krauss et al.,

2008). However, adding items related to pedagogical content knowledge may increase the

difficulty level of the test, as these items require specialized knowledge of content and pedagogy

combined.

Second, most studies do not provide evidence of validity. Our study provides evidence of

construct validity, including detailed descriptions of the decision process for selecting items and

presenting test specifications. An examination of the internal structure demonstrated that the SCK

test for Project 2 had acceptable reliabilities and item fit and matched the ability of respondents

well. Additionally, an examination of the relationships between the test ability estimates and other

measures of SCKprovided evidence of convergent validity as expected.

Finally, our PD intervention is longitudinal in design, as the same teachers participate over

multiple years. Our SCK test was able to detect some change over time in the treatment group
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compared to the control group.While othermeasures of teachers’ SCKhave been developed,most

have been administered at only one point in time (Jüttner et al., 2013; Krauss et al., 2008; Nowicki

et al., 2013). In addition, our intervention aims to improve elementary teachers’ knowledge of

comprehensive science topics, while others have covered a specific science topic (Heller et al.,

2012). Developing a teachers’ SCK test that is sensitive enough to detect change over time on an

array of science topics proves a challenge. Many PD studies, using a number of measures, have

found a pattern described as short-term growth and long-term stability (Lee & Maerten-Rivera,

2012; Supovitz, Mayer, & Kahle, 2000), where there is an initial jump in teachers’ knowledge or

practice, followed by sustainability. This pattern may not be what is occurring in reality. There

may be continued growth by the teachers, yet themeasureswere not sensitive enough to detect this

additional change.

Future Research. The results of the study point to directions for future research on measures

of teachers’ SCK, particularly for studies of PD. Our study had several methodological strengths.

First, a randomized control design was used for the PD intervention, which has been called for in

the literature as a more rigorous methodological design (Wayne et al., 2008). Second, the study

used samples from two intervention projects with different teacher and student demographics, yet

the results remained consistent. Even so, to evaluate the validity of the SCK test, the measure

should continue to be used with different samples under different conditions to further examine

the generalizability. Third, the study involved all fifth grade science teachers in the participating

schools, rather than a self-selected group of volunteer teachers. Thus, the validity results are more

likely to apply to the teaching population.

We also note limitations to our study that could be investigated in future research. First, we

note that the test was developed to cover the fifth grade science content in a specific state, and thus

the test may not be a valid measure of science content in other grades or other states. For example,

when the pilot test was administered to samples for Project 2, the out-of-state sample performed

differently. However, the processes used in the development and validation of our test are relevant

to other researchers.

Second, the sample size in Project 1 dropped at T2 and particularly at T3 due to teacher

attrition for various reasons beyond the control of the study. This impacted the results of the study,

as a larger sample sizewould have provided better estimates in regards to the SCK test.

Third, the study examined data from the full implementation of Project 1. However, as

Project 2 is currently being conducted, we were able to use data collected only from two

time points over 1 year of implementation out of the 3-year planned intervention.

Additional waves of data will allow us to examine the ability of the test to detect change

over time.

Finally, a logical next step for further research involves testing a change model of how a PD

intervention impacts teachers’ SCK and how teacher change, in turn, impacts student outcomes

(Desimone, 2009). The change model also provides information in regards to the influence of

teacher knowledge on student outcomes, which is an area that requires more empirical evidence

(Bartos & Lederman, 2014; Diamond et al., 2014; Liu, Lee, & Lin, 2010). Examining such a

change model could address the ability of the test to detect teacher change and the magnitude of

change in teachers’ SCK needed to impact student outcomes, which would provide additional

evidence regarding thevalidity of the SCK test.
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