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Developing a Measure of Computational
Thinking Pedagogical Content Knowledge for
Middle School Math Teachers

Eben B. Witherspoon, Maria Dracopoli, Mariesa Hawkins, and Katie Dahlke April 2026

Computational thinking (CT) practices, including reasoning, spatial thinking, and problem solving, are
associated with greater achievement in middle school math. However, there are no tools to measure
teachers’ knowledge and skills in integrating CT practices into middle school math instruction that
have strong evidence of validity and reliability. Such tools could help state and district leaders identify
and support teachers’ understanding and use of CT practices to improve students’ math achievement.

To address this need, the Regional Educational Laboratory Midwest collaborated with two large
urban school districts to develop and test a 16-item survey of teachers’ knowledge of how to integrate
CT practices into middle school math instruction. Content experts in both math and CT, along with
in-service math coaches and teachers, reviewed the survey items and confirmed the survey’s face
and content validity. Structural validity and internal consistency reliability analyses support the
use of the 16-item survey as an overall measure of CT pedagogical content knowledge. Differential
item functioning analyses identified some survey items that functioned differently for teachers with
different characteristics, such as gender and teaching experience, suggesting a need for refining
these items to ensure consistent interpretation. However, the overall measure functioned consistently
between the groups of teachers examined.

Overall, the findings provide evidence for the validity and reliability of a novel measure of teachers’
knowledge of how to integrate CT practices into middle school math instruction. School and district
leaders can use this measure to identify professional learning needs related to CT practices. Education
researchers can also use the measure to evaluate professional development programs that aim to
improve teachers’ integration of CT practices into math instruction.

Why this study?

Computational thinking (CT) is a way of solving problems by breaking them down into smaller parts and think-
ing abstractly about them (see definition of key terms in box 1). While CT comes from computer science, stu-
dents can use it to tackle problems in other subjects. Using CT strategies in math instruction prepares students
for active learning and problem solving (Nordby et al., 2022). Skills that can be developed through CT, such
as reasoning, spatial thinking, and problem solving, are also closely associated with achievement in math for
middle school students (Rich et al., 2020; Roman-Gonzalez et al., 2018; Wein-
trop et al., 2016). Therefore, it is important that middle school teachers learn to

use CT practices to help their students succeed in math. For additional
information, including

technical methods,
E. B. Witherspoon conceptualized the design and development of the measure, designed the the survey measures,
study and its research questions, led analyses, and was lead writer of the report. M. Dracopoli
coordinated with partner districts, led the literature review and qualitative data analysis, and con-
tributed to development of the survey measure. M. Hawkins supported quantitative analyses and interview protocol, see
contributed to creating tables and figures. K. Dahlke collaborated on interpretation of results and the appendices for the
contributed to writing the final report. All authors reviewed the final report. The report authors
would like to acknowledge Joseph Taylor and Ryan Williams for guidance on study design and . 3
analyses; Dominique Bradley and Rachel Chamberlain for review and feedback on initial drafts of Education Sciences
of this report; Kathryn Rich and Toni Smith for contributing their content expertise in survey website.

development; and Milwaukee Public Schools for their collaboration to make this study possible.

and the cognitive

report on the Institute
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Improving middle school math achievement is an urgent need for large school districts in the midwestern
United States. In 2024, the average National Assessment of Educational Progress (NAEP) math score for grade
8 students in large cities in the Midwest was 15 points lower than the average score for students in other large
cities nationally (U.S. Department of Education, 2024). On average, a large majority of students (68 percent) in
Midwest cities performed at a Below Basic NAEP proficiency level. District leaders in the Midwest have expressed
interest in learning whether integrating CT practices into middle school math instruction could improve math
achievement. Despite recent efforts to support teachers in doing so, measuring the impact of these efforts on
teachers has proven challenging nationwide (Yadav & Berges, 2019). In 2024, the Regional Educational Labora-
tory (REL) Midwest developed an intervention to provide training and coaching to grade 6 teachers in a large
midwestern school district to help them integrate CT practices into math instruction.

Box 1. Key terms

Abstraction. A computational thinking (CT) practice that includes identifying the general principles and properties that
are important and relevant to a problem.

Algorithm development. A CT practice that includes developing step-by-step instructions for solving a problem (and
similar problems).

Cognitive interview. An interview process that examines survey respondents’ thought processes and provides insight into
how people understand and respond to survey questions.

Computational thinking (CT). A set of key concepts and practices from computer science that can be used to help solve
problems in multiple content areas by breaking them down into smaller parts and thinking abstractly about them.

Construct. The underlying phenomenon, knowledge, or trait that is being measured by a set of items.

Content validity. The extent to which the set of items in a measure is representative of the target construct. This study
assessed content validity through a review of the measure by content experts in CT and math.

Core computational thinking practices. The five essential and most common CT practices, based on a review of the literature:
pattern recognition, abstraction, decomposition, debugging, and algorithm development (Dong et al., 2019; ki2cs.org, 2018).

Debugging. A CT practice that includes reviewing solutions to troubleshoot errors or improve the solution.

Decomposition. A CT practice that includes breaking down data, processes, or problems into meaningful smaller, more
manageable parts.

Dimensions. Distinct categories of constructs used in developing survey content. For this survey, dimensions were core com-
putational thinking practices, middle school math topics, and instructional strategies for computational thinking integration.

Face validity. The extent to which a measure appears appropriate and aligned with its measurement goal. This study
assessed face validity through a review of the measure by content experts and through cognitive interviews with middle
school math teachers and coaches.

Item. A single vignette and the associated questions and response options on the survey.

Item difficulty. An indicator of how challenging an item is, typically estimated using the proportion of respondents who
answer it correctly. An item difficulty of O indicates equal odds (50 percent chance) of answering an item correctly or
incorrectly. Negative values indicate easier items (higher probability of a correct answer). Positive values indicate more
difficult items (lower probability of a correct answer).

Measure. An item or set of items that measure a construct. The measure used in this study is based on 16 survey items that
measure a single construct: teachers’ pedagogical content knowledge of computational thinking in middle school math.

Pattern recognition. A CT practice that includes observing and identifying patterns, trends, and regularities in data, pro-
cesses, or problems.
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Pedagogical content knowledge. A teacher’s knowledge of the target content area and of the instructional strategies that
engage students with the content in a way that makes it accessible.

Reliability. The extent to which a measure consistently produces the same results when repeated under similar conditions,
thus ensuring that variations in results are due to actual changes in the variable being measured and not to inconsistencies
in the measurement process. This study calculated internal consistency reliability using the Kuder-Richardson Formula 20
(KR-20) coefficient, Cronbach’s alpha, and McDonald’s omega to determine the extent to which items are interchangeable
indicators of the same underlying construct. The study calculated person separation reliability using the Rasch model to
determine the extent to which the survey consistently ranks and distinguishes between participant scores.

Structural validity. The extent to which a measure accurately reflects the target construct. This study assessed structural
validity by analyzing how well the data align with hypothetical and theorized models of CT.

Teacher characteristics. The seven teacher characteristics examined to assess whether the difficulty of the survey as a
whole (differential test functioning analysis) and the difficulty of individual items (differential item functioning analysis)
varied for teachers with different characteristics: race/ethnicity, gender, years of teaching experience, type of certification,
grade taught, education level, and district in which they taught.

Vignette. A short, hypothetical scenario that is situated in a particular context and presented to elicit a response. The
vignettes created for this study were instructional scenarios involving middle school students interacting with math content.

While professional development and instructional resources are available to help teachers integrate CT prac-
tices into math instruction (see Ye et al., 2023, for a review), a lack of valid and reliable measures of teachers’
ability to do so prevents high-quality evaluation of these supports (see Tang et al., 2020, for a review). Available
measures tend to focus on teachers’ self-reports of their ability to teach CT (Kaya et al., 2020) or assess the
ability to teach CT only within the context of computer science (Yadav & Berges, 2019). Some measures of math
knowledge for teaching include concepts that are related to CT, such as the use of math representations (Hill
et al., 2005), but do not measure teachers’ ability to integrate specific CT practices into instruction. Having a
valid, reliable, and fairly simple measure of middle school teachers’ knowledge of how to integrate CT practices
into math instruction can provide staff in local and state education agencies with information about where
there is a need to further develop this ability. Such a measure is also critical for evaluating professional learning
about CT practices. To meet this need, and as part of the ENgagement and Achievement through Computation-
al Thinking (ENACT) partnership, the REL Midwest developed and tested a new teacher survey measure, the
Computational Thinking-Pedagogical Content Knowledge (CT-PCK) Survey for middle school math teachers.

Research questions

The study addressed five research questions:

» To what extent is there evidence of content and face validity for the CT-PCK Survey?

» To what extent is there evidence of structural validity for the CT-PCK Survey?

» To what extent is there evidence of reliability (internal consistency, person separation) for the CT-PCK Survey?

e To what extent is there evidence that CT-PCK Survey measures a range in ability to integrate CT into math?

» To what extent is there evidence that the CT-PCK Survey functions differently for teachers with different
characteristics?

The study sample, data sources, methods, and limitations are summarized in box 2 and presented in greater
detail in appendix A.
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Box 2. Data sources, study sample, methods, and limitations

Sample and data. In fall 2023, a Regional Educational Laboratory Midwest study team partnered with two large urban
school districts in the Midwest that were interested in learning more about the pedagogical content knowledge of compu-
tational thinking (CT) of their grade 6, 7, and 8 in-service math teachers. These districts administered the Computational
Thinking-Pedagogical Content Knowledge (CT-PCK) Survey to middle school math teachers in three rounds: a first round
with 17 teachers, a second round with 27 teachers, and a third round with 58 teachers, for a total of 102 responses. These
responses were de-identified and shared with the study team. (See appendix A for additional details on the study sample.)

Methodology. The CT-PCK Survey was developed using vignettes of middle school math classroom scenarios, constructed
in accordance with Skilling and Stylianides’ (2020) framework for designing vignette items in education research. Each of
the items in the initial 25-item CT-PCK Survey presents a single vignette depicting a math classroom scenario, along with
four options representing different instructional responses to that scenario. In each item, one of the instructional response
options is designed to integrate one of five core CT practices into math instruction: pattern recognition, abstraction,
decomposition, debugging, and algorithm development. These practices are common components of CT and appear in
several widely used CT frameworks (Dong et al., 2019). In addition to the 25 CT-PCK items, the survey gathered information
on teacher demographics, education, and teaching experience. (See appendix A for details on the design and development
of the CT-PCK Survey; see appendix B for the 25-item and the 16-item CT-PCK surveys.)

To establish evidence of content and face validity for the CT-PCK Survey (research question 1), content experts in CT
and math education iteratively reviewed items throughout development of the survey for their content alignment with CT
practices from several CT frameworks, the middle school math topics included in state standards documents, and instruc-
tional strategies for CT integration. After the second round of data collection, feedback was also gathered through record-
ed cognitive interviews with two in-service middle school math teachers who had recently participated in CT integration
professional development and through meetings with six math instruction coaches about the perceived relevance and face
validity of the final set of items. This feedback informed item revisions.

To understand the structural validity of the CT-PCK Survey (research question 2), confirmatory factor analysis was
conducted to test whether there was sufficient evidence that the survey measured the five theorized core CT practices.
Additional factor structures were also examined using exploratory factor analysis to empirically identify other potential
combinations of items that represent meaningful constructs in the data, and Rasch analysis was used to determine the fit of
individual items to a single construct model. (See appendix A for details on how the final construct model was identified.)

To determine how reliable the survey was (research question 3), a correlation matrix of the item scores and the total
raw score was examined to identify any item scores that had a low correlation (< .30) with the overall survey score. Next, the
reliability coefficient was calculated to determine the internal consistency of the items; internal consistency was calculated
using the Kuder-Richardson Formula 20 (KR-20) coefficient, which is similar to Cronbach’s alpha but is more appropriate for
items that take only two values (O or 1; see Foster, 2021). Rasch analysis was used to calculate person separation reliability to
estimate the extent to which the survey could measure different levels of pedagogical content knowledge of CT.

Finally, a series of analyses were conducted to investigate the extent to which the CT-PCK Survey measured a range of
ability levels to integrate CT into math instruction (research question 4) and whether the survey functioned differently for
groups of teachers with different characteristics (research question 5). First, descriptive analysis and a Rasch analysis were
used to determine the range of scores and ability levels in CT integration that were captured by the items on the survey. Next,
a simple one-way analysis of variance was used to test for differences in overall mean scores on the survey between teach-
ers with different characteristics (differences in race/ethnicity, gender, years of teaching experience, type of certification,
grade taught, education level, and district in which they taught). The degree to which the difficulty of the survey as a whole
(differential test functioning analysis) and the difficulty of individual items (differential item functioning analysis) varied for
teachers with different characteristics was examined. (See appendix A for further technical details on these analyses.)

Limitations. First, based on reviewer feedback and psychometric analyses from the first two rounds of data collection,
the study team made minor changes to the wording of several items before the third round. These changes could have
affected responses, potentially making the results of the third administration not directly comparable to results of the
first two administrations. Second, despite pooling the sample, the sample size remained small. Most recommendations for
differential item functioning analysis using binary items like those in this survey suggest a minimum sample size of 200
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observations per group to detect differences in how an item functions across different groups (Zumbo, 1999); the overall
sample size in the analyses reported here is 102, with group sizes ranging from 29 to 73. It is therefore possible that results
from the differential item functioning and differential test functioning analyses occurred by chance, and results may differ
in new samples of teachers. Finally, analyses were conducted with a nonrandom sample of teachers who volunteered to
take the survey. The survey was offered to approximately 1,250 middle school math teachers across both districts, and the
response rate was approximately 8 percent. This means that results may reflect teachers who were particularly motivated
to engage with activities involving CT integration. Further, while this sample included teachers with a range of background
characteristics, teachers were from two large urban school districts in the Midwest, which could limit the generalizability
of the findings to teachers in those contexts.

Findings

The Computational Thinking-Pedagogical Content Knowledge Survey showed evidence of content
validity, as demonstrated by feedback from content experts and cognitive interviews with
practitioners during development

The CT-PCK Survey showed evidence of content validity (the extent to which a set of items in a measure is repre-
sentative of the target construct). Overall, content experts concluded that multiple items in the original 25-item
measure were well aligned with the definition of the specific CT practice targeted by those items (table 1). Addi-
tionally, experts concluded that multiple items aligned with several middle school math topics and instructional
strategies for CT integration. This finding helps build validity evidence that the measure includes items that assess
teachers’ ability to integrate CT practices across a range of middle school math topics and instructional scenarios.

Table 1. Alignment of each item in the Computational Thinking-Pedagogical Content Knowledge Survey
with computational thinking (CT) constructs, middle school math topics, and instructional strategies for
CT integration

Dimension Construct Items in initial 25-item survey? Items in final 16-item survey?
Core computational Pattern recognition 1,2,3,4,5 2,3,4,5
s L A —— 6,7,8,9,10 6,7,8,9
Decomposition 11, 12, 13, 14, 15 13, 14
Debugging 16, 17, 18, 19, 20 20
Algorithm development 21, 22, 23, 24, 25 21, 22,23, 24, 25
Mid_dle school math Fractions and decimals 1,4,5,6,8,11,16,19 4,5,6,8
topics® Ratios and unit rate 2,9,21,25 2,9,21,25
Geometry 3,7,13, 24 3,7,13, 24
Factors 14,15, 23 14, 23
Central tendencies 18, 20 20
Linear equations and
inequalities 12,17, 22 22
Absolute value 10
Instructional strategies Framing the lesson 1,3,6,78,11,12, 16, 17, 21, 22 3,6,7,8,21,22
forGTiintegragions Prompting 2,4,9, 13, 14, 18, 19, 23, 24 2,4,9, 13, 14, 23, 24
Inviting reflection 5,10, 15, 20, 25 5, 20, 25

a. See appendix B for 25- and 16-item surveys.

b. Adapted from Dong et al. (2019).

c. Based on Common Core State Standards for Mathematics for grades 6-8 (National Governors Association, 2010).
d. Adapted from Rich et al. (2020).

Source: Study team analysis of responses to the Computational Thinking-Pedagogical Content Knowledge Survey.

REL 2026-007 5



The CT-PCK Survey also showed evidence of face validity (the extent to which a measure appears appropriate
and aligned with its measurement goal), which is important for ensuring that the content of the measure is per-
ceived as relevant and useful for practitioners. Overall, all eight practitioners interviewed agreed that the math
content and scenarios in the vignettes were representative of their middle school math classrooms, were at the
correct level of difficulty for a middle school math teacher, and provided adequate background information
on CT for teachers new to those concepts to successfully complete the survey. For example, one district math
instruction coach provided the following feedback:

[This survey] makes you think. I like the fact that you have to think about your kids in front of you, not
just about you.... I like that there’s a surface level response and [also a response] pointing out something
more meaningful.... 'm excited about this. I love it.

The 16-item Computational Thinking-Pedagogical Content Knowledge Survey measures teachers’
pedagogical content knowledge for integrating computational thinking into math as a single
overall construct

The CT-PCK Survey showed limited evidence of structural validity (the extent to which a measure accurately
reflects the CT-PCK construct, in this case how well the data align with hypothetical and theorized models of
CT). Confirmatory factor analyses comparing the structure of the 25-item CT-PCK Survey items with a model
of CT-PCK reflecting the five core CT practices and a model of CT-PCK reflecting CT as a single construct were
inconclusive (see table A4 in appendix A). However, exploratory analyses provided evidence supporting the
structural validity of 16 of the 25 items on the CT-PCK Survey and their use as a measure of teachers’ pedagog-
ical content knowledge for integrating CT into math (see table A5). Additional exploratory analyses examining
alternative structures of CT-PCK with two, three, and four separate constructs did not reveal any meaningful
groupings of items. Further analyses of the 16-item survey showed evidence that these items are a good fit to
represent a single overall CT-PCK construct and that this was the best fitting model for the CT-PCK Survey (see
table A6 for details). The 16-item CT-PCK survey retained items addressing each of the five CT core practices,
maintaining the overall content validity of the initial design of the survey. The 16-item survey was used in sub-
sequent analyses.

The 16-item Computational Thinking-Pedagogical Content Knowledge Survey showed strong
evidence of reliability as a single construct

The items on the 16-item CT-PCK Survey showed evidence of internal consistency reliability (the extent to which
a measure consistently produces the same results when repeated under similar conditions), indicating that
they measure a similar underlying construct. Overall internal consistency reliability for the survey showed a
Kuder-Richardson Formula 20 (KR-20) coefficient and a Cronbach’s alpha of .71, and a McDonald’s omega of
.72, which suggest that responses to individual items were consistent with responses to other items. Rasch
analyses also showed adequate person separation reliability (.69). These results suggest that individuals with
similar pedagogical content knowledge of CT would receive similar scores on the 16-item survey and that the
survey contains items that accurately identify individuals with a range of CT-PCK. (See appendix A for addition-
al details on these analyses; see appendix B for the final set of items.)

Teachers received a range of scores on the Computational Thinking-Pedagogical Content
Knowledge Survey, with most answering at least half of the items correctly

Because the CT-PCK Survey may be used with teachers who have little or no prior experience with CT, it needs
to measure a range of knowledge levels. There should be sufficient variation in scores to detect differences
among teachers, especially among teachers with very high or very low ability for integrating CT practices into
math instruction. In addition, the distribution of scores can reveal whether the survey is too easy or too diffi-
cult for the population of teachers for whom it is intended.
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Overall, teachers’ raw scores on the CT-PCK Survey ranged widely, from selecting the correct response (the
response that best integrated CT into the math scenario) on only 1 item (6 percent correct) to selecting the
correct response on all 16 items (100 percent correct). As each item had four possible response options, there
is a 25 percent chance that teachers could get a correct answer just by guessing. Results show that 92 percent
of teachers scored above the level that could have been achieved through pure chance, suggesting that it is
unlikely that teachers were selecting answers at random. On average, teachers selected the correct response on
approximately 10 of the 16 items (61 percent correct) (figure 1). Most teachers (76 percent) identified the correct
response on at least half of the 16 items (8 items or more). Relatively few teachers scored extremely high or
extremely low on the survey.

Figure 1. Scores on the Computational Thinking-Pedagogical Content Knowledge Survey reveal a relatively
normal distribution of correct responses

Percent of teachers
20 ‘
' Mean = 9.7
15 |
10 |
o m - I l 3 HE
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

Total number of correct responses

Note: n = 102 teachers.

Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking-Pedagogical Content Knowledge Survey.

Rasch analyses also provided evidence that the set of items in the CT-PCK Survey was appropriate for assessing
teachers with varying ability to integrate CT practices into math instruction. For example, a teacher in this
sample with an average ability for CT integration would have a 50 percent or higher chance to answer 12 of the
16 items correctly. A teacher in the 25th percentile would likely answer 6 items correctly, which is only slightly
above the threshold of correct items expected by chance. A teacher in the 75th percentile would likely answer
all 16 items correctly. (See figure A2 in appendix A for details on person ability and item difficulty.)

Teachers with different background characteristics performed differently on the survey

Teachers’ scores on the CT-PCK Survey differed systematically based on their individual demographic char-
acteristics, teaching experience, and type of teaching certification. For example, teachers who identified as
White, teachers who identified as female, and teachers with five or more years of teaching experience scored
an average of 14 percentage points higher on the survey than teachers not from those groups (figure 2). This
corresponds to teachers from those groups selecting the correct response on about three more items than
teachers not in those groups. Teachers with emergency certification scored an average of 14 percentage points
lower than teachers with traditional teaching certification. The pattern of higher scores for teachers with more
experience and training provides additional evidence for the validity of the CT-PCK Survey as a measure of
practices that reflect teaching expertise.
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Figure 2. Teachers who were White, were female, had five or more years of teaching experience, or did
not have an emergency certification earned higher scores on the Computational Thinking-Pedagogical
Content Knowledge Survey than teachers not in those groups

Percent of correct responses selected

100
80
71
60 63
53 51 53
40
20
0
White Other race/ Female Male 5or Fewerthan Emergency Not
(n=43) ethnicity (n=63) (n=39) more years 5 years (n=14) emergency
(n=59) (n=28) (n=74) (n =88)
Race/ Gender Teaching Certification
ethnicity experience

Note: Differences in overall scores shown are statistically significant at p < .05.

Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking-Pedagogical Content Knowledge Survey.

The overall survey measure functioned similarly for teachers with different characteristics

The results detailed above describe observed differences in average scores for the sample. They do not reveal
whether those scores reflect real differences in ability between groups or systematic differences in the way that
the survey as a whole or specific survey items function for different participants, despite their having similar
ability on the underlying construct. Differential test functioning analysis revealed that the overall difficulty of
the test was similar for teachers with similar ability levels but with different characteristics. Differential item
functioning analysis found no statistically significant differences in the probability of a correct response on any
individual item according to teacher characteristics, after a correction for multiple comparisons was applied.
However, several items did show raw differences in item difficulty by teacher characteristics that were greater
than 0.64 logits, which is above Educational Testing Service thresholds indicating moderate to large differential
item functioning (Zwick et al., 1999). (See tables A12-A15 and figures A3-A6 in appendix A for details on these
analyses.)

Implications

This study provides rigorous, if preliminary, psychometric evidence to support the use of a new survey-based
measure to assess middle school teachers’ ability to integrate CT practices into math instruction. Specifically,
there is evidence of the content, face, and structural validity of the CT-PCK Survey, as well as evidence of its
reliability for a sample of teachers in two large urban school districts. The study found that a reduced, 16-item
version of the original 25-item CT-PCK Survey was appropriate for reliably measuring teachers’ ability to inte-
grate CT practices into math instruction (see appendix B for the both the full 25-item CT-PCK Survey measure
and the 16-item measure). On average, teachers took approximately 31 minutes to complete the full 25-item CT-
PCK Survey. Assuming that equal time is spent on each item, the shortened survey is likely to reduce average
administration time to under 20 minutes. A shorter survey may benefit both district administrators and teach-
ers, given the many conflicting demands on their time. While additional research is needed to establish evi-
dence of validity that extends beyond these districts, evidence from this study supports the use of this CT-PCK
Survey in similar districts as a relatively brief, valid, and reliable measure of important and relevant aspects of
CT instructional practice.
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The CT-PCK Survey is not intended to be used to evaluate teachers’ performance, their instructional quality, or
their math content knowledge; it should be used only to help guide teachers’ integration of CT practices into
their instruction or to inform continuous improvement in professional development. Researchers may want
to use the survey to examine the impact of CT professional learning opportunities on teachers’ knowledge of
these practices. School and district leaders may use the survey to identify teachers’ strengths and opportunities
for professional growth in CT integration.

Future studies using the CT-PCK Survey with larger samples across different teacher groups could help to more
definitively rule out differential item functioning. To accurately measure different knowledge levels, it is im-
portant that survey items be interpreted consistently across teachers with different characteristics. Additional
qualitative research should confirm and explore the sources of any differences in interpretation for particular
items and explore ways to rephrase these items to ensure consistent interpretation between groups of teachers
with different characteristics.

Subsequent research should also focus on developing and testing additional items to establish the structural
validity and reliability of a CT-PCK Survey that reflects the growing understanding of the five core CT prac-
tices. A multidimensional measure could help locate areas of teacher proficiency and growth within each of
the five core CT practices (for example, pattern recognition and abstraction), as well as particular pedagogical
approaches that are implied by teachers’ responses (for example, direct instruction and student-centered learn-
ing). Additionally, future research on professional learning programs could identify specific components of
those interventions that are related to growth in pedagogical content knowledge of CT, both overall and poten-
tially within each core CT practice.

Finally, future studies using this measure can directly or indirectly contribute to the validity evidence base
for the CT-PCK Survey. While few widely accepted measures of teachers’ pedagogical content knowledge of CT
exist, one approach could be to establish concurrent validity with established measures of teachers’ pedagog-
ical content knowledge in math (for example, Hill et al., 2005) or measures of teachers’ beliefs about CT (for
example, teacher self-efficacy; Kaya et al., 2020). Additional evidence of validity could be gathered by exam-
ining relationships between teachers’ scores on the CT-PCK Survey and other proximal and distal measures of
teachers’ pedagogical content knowledge or various student learning benchmarks and by using the survey as
an outcome measure in intervention studies designed to improve CT integration.
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