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Appendix A. Methods 
This appendix provides additional details on the design and development of survey items and on methodological 
approaches to the psychometric analyses described in the main report. 

Measure design and development 
Literature scan and initial vignette selection. To develop the set of 25 items for the Computational Thinking–
Pedagogical Content Knowledge (CT–PCK) Survey measure, the Regional Educational Laboratory (REL) Midwest 
study team first scanned the literature for validated measures of pedagogical content knowledge in math that 
took a similar vignette-based survey approach to measuring pedagogical content knowledge. The study team 
searched several online repositories of educational research (Academic Search Premier, Education Resources 
Information Center, Education Source, APA PsycInfo, and SocINDEX with Full Text) using a Boolean search 
string (table A1).  

Table A1. Keywords used in the literature scan 

Topic Discipline Method Sample 

“pedagogical content 
knowledge” OR 
“mathematical 
knowledge for 
teaching” 

“mathematics” OR  
“computer science” OR 
“computational thinking” 

measures OR 
scales OR 
questionnaires OR 
instruments OR 
reliability OR  
validity OR  
psychometrics 

“K-8” OR  
“middle school” OR 
“elementary” 

K-8 is kindergarten to grade 8. 
Source: Regional Educational Laboratory Midwest study team. 

REL 2026–007 A-1 

https://ies.ed.gov/use-work/resource-library/report/descriptive-study/development-measure-computational-thinking-pedagogical-content-knowledge-middle-school-mathematics-teachers


 
REL 2026–007 A-2 

 

After duplications were removed, 38 citations remained. Ten of these studies reported the content of vignette-
based measures, for a total of 61 individual vignettes. In addition to using the vignettes found through this scan 
as an initial bank of candidates for vignette development, the REL Midwest team contacted the study authors 
and experts for other relevant published or unpublished measures in computer science (Yadav & Berges, 2019), 
math (Hill et al., 2005; Martin & Jamieson-Proctor, 2020), and science (Loughran et al., 2004). 

Vignette coding and item development. Each vignette was coded for relevance and potential applicability to an 
established set of computational thinking (CT) practices. This set of CT practices was identified by REL Midwest 
content experts as the five essential and most common (core) CT practices, based on a review of the literature: 
pattern recognition, abstraction, decomposition, debugging, and algorithm development (Dong et al., 2019; 
k12cs.org, 2018). This qualitative coding was iterative, with two researchers coding a subset of the vignettes 
independently, after which interrater reliability was calculated (using Cohen’s kappa, 𝜅𝜅). If 𝜅𝜅 was below .60, 
coded vignettes were discussed until agreement was reached. Once the full bank of 61 math pedagogical content 
knowledge vignettes was coded for alignment with the five core CT practices, content experts reviewed the final 
set of vignettes to ensure content validity. These vignettes were then adapted according to Skilling and 
Stylianides’ (2020) framework for designing vignettes for educational research to generate new vignettes that 
integrated CT practices into math instruction. For each vignette, multiple-choice options were generated to offer 
four pedagogical responses to the scenario in the vignette, with one response option representing the 
pedagogical response most aligned with the target CT practice. 

Item review and refinement. CT and math content experts iteratively reviewed and refined the final set of vignettes 
and response options to build evidence of the content and structural validity of the items and overall measure 
for core CT practices, based on the five core practices identified in Dong et al. (2019), instructional strategies for 
CT integration as outlined by Rich et al. (2020), and a range of middle school math topics derived from standards 
documents and prior measures (National Governors Association, 2010) (table A2). To assess content validity, 
these experts iteratively reviewed of each item over several rounds of development.  

First, as a basis for creating the CT–PCK vignettes, math content experts were asked to provide examples of 
existing vignette-based measures or items that included core middle school math topics (see Hill et al., 2005). 
Next, a content expert in CT and math education reviewed each CT–PCK vignette to evaluate the alignment of 
each item with one of the five theorized core CT practices, the appropriateness of the items to middle school 
math topics, and the instructional strategy used (see table A2). Feedback on items was gathered through email 
communications and direct comments in the survey document. The development team met with the experts to 
discuss their comments and revised items according to the experts’ suggestions. Then, to assess structural 
validity, the same CT and math content experts reviewed the final full set of items and confirmed that the survey 
included multiple items aligned with each of the five theorized core CT practices, addressed a range of core 
topics in middle school math, and assessed multiple instructional strategies for CT integration.  

Finally, to build evidence of face validity, cognitive interviews were conducted with six math instruction coaches 
and two in-service math teachers working in one of the two participating districts to provide additional feedback 
on the relevance and appropriateness of the instructional context of the vignettes (Castillo-Diaz & Padilla, 2013; 
Desimone & Le Floch, 2004). Instruction coaches included district-level staff with experience in conducting 
instructional coaching and professional development with in-service middle school teachers in a large urban 
school district, including a math teacher leader and a science, technology, engineering, and math curriculum 
specialist. The two in-service middle school math teachers had graduate-level training and a range of teaching 
experience (2 years and 22 years) and had recently participated in a CT integration professional development 
intervention using the CT concepts incorporated into the CT–PCK Survey. These two teachers reflected users of 
the measures with a range of instructional experience in large urban schools and had adequate CT content 
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knowledge, math content knowledge, and pedagogical knowledge to provide necessary feedback on the 
appropriateness and relevance of the vignettes to their instructional context.  

Table A2. Alignment of each item in the 25-item Computational Thinking–Pedagogical Content Knowledge 
(CT–PCK) Survey with computational thinking practices, middle school math topics, and instructional 
strategies for integrating computational thinking 

Dimension Construct Description 
CT–PCK 
items 

Survey 

Computational 
thinking 

 practicesa

Pattern 
recognition 

Observe and identify patterns, trends, and regularities in 
data, processes, or problems 

1, 2, 3, 4, 5 

Abstraction Identify the general principles and properties that are 
important and relevant to the problem 

6, 7, 8, 9, 10 

Decomposition Break down data, processes, or problems into meaningful, 
smaller, and more manageable parts 

11, 12, 13, 14, 15 

Debugging Review solutions to troubleshoot errors or improve the 
solution 

16, 17, 18, 19, 20 

Algorithm 
development 

Develop step-by-step instructions for solving a problem (and 
similar problems) 

21, 22, 23, 24, 
25 

Middle school 
 math topicsb

Fractions and 
decimals 

Solve multistep real-life and math problems posed with 
positive and negative rational numbers in any form (whole 
numbers, fractions, and decimals) 

1, 4, 5, 6, 8, 11, 
16, 19 

Ratios and unit 
rate 

Use ratio and rate reasoning to solve real-world and math 
problems 

2, 9, 21, 25 

Geometry Solve real-world and math problems involving area, surface 
area, and volume 

3, 7, 13, 24 

Factors  Find the greatest common factor of two whole numbers less 
than or equal to 100 and the least common multiple of two 
whole numbers less than or equal to 12 

14, 15, 23 

Central 
tendencies 

Give quantitative measures of center (median or mean), and 
describe deviations from the overall pattern with reference 
to the context in which the data were gathered 

18, 20 

Linear 
equations and 
inequalities 

Reason about and solve one-variable equations and 
inequalities 

12, 7, 22 

Absolute value Understand the absolute value of a rational number as its 
distance from 0 on the number line 

10 

Instructional 
strategies for 
integrating 
computational 

 thinkingc

Framing the 
lesson 

Teacher describes an opportunity students will have to 
engage in the practice later in the activity, framing the 
activity as requiring students to use the practice, potentially 
priming students to begin thinking about how they might use 
the practice  

1, 3, 6, 7, 8,11, 
12, 16, 17, 21, 22 

Prompting  Teacher prompts students to consider engaging in 
computational thinking, with the presumption that students 
will begin using the practice immediately or shortly after the 
prompt  

2, 4, 9, 13, 14, 
18, 19, 23, 24 
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Dimension Construct Description 
CT–PCK Survey 
items 

Inviting 
reflection 

Teacher highlights ways in which students have already 
engaged in a computational thinking practice, including 
cases where the teacher describes how students used the 
practice and cases where the teacher asks students to 
describe how they used the practice 

5, 10, 15, 20, 25 

a. Adapted from Dong et al. (2019).  
b. Based on Common Core State Standards for Mathematics for grades 6–8 (National Governors Association, 2010).  
c. Adapted from Rich et al. (2020). 
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 

The cognitive interview protocol (see appendix C) included prompts for teachers to “think aloud” as they read 
and responded to each item. Interviewers recorded respondents’ comments and followed up with probes about 
sources of any confusion about the meaning of the vignettes, the adequacy and clarity of the response options, 
and any contextual factors that might influence how teachers respond. Participants were asked to read aloud the 
survey prompts, vignettes, and response options and then verbalize their thought processes while they solved 
each problem. The interviewer would prompt the participant to explain their interpretation of the item and how 
they decided on their answer. Where teachers misinterpreted the item or told researchers the wording was 
unclear, this feedback was used to revise the wording of vignettes and response options. For example, 
participants reported several items for which they perceived that the initial wording was leading them to a 
certain answer, or for which they felt there was more than one correct answer. These items were revised for the 
final measure.  

Sample and data collection 
In fall 2023, a large urban school district in the Midwest collected an initial round of pilot data from 17 grade 6, 
7, and 8 in-service math teachers (District A). A second large urban school district in the Midwest collected a 
second round of pilot data from 27 grade 7 and 8 in-service math teachers (District B). Districts administered the 
survey and provided the results as extant data to REL Midwest for analysis. The REL Midwest study team received 
additional survey data from 58 grade 6 in-service math teachers from District B in fall 2024. This final round of 
data collection occurred as part of an ongoing randomized controlled trial taking place in District B, with data 
collected from both treatment and control teachers prior to the start of the intervention. All three rounds of data 
were pooled for analysis. Teachers had a range of demographic characteristics, educational levels, and years of 
teaching experience (table A3.) 
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Table A3. Demographic characteristics of pilot teacher samples 

Characteristic 

District A District B 
Districts A 

and B 

Percent of 
round 1 
(n = 17) 

Percent of 
round 2 
(n = 27) 

Percent of 
round 3 
(n = 58) 

Percent of  
combined 

rounds 
(n = 102) 

Female 76 52 62 62 

Native English speaker na na 64 na 

Teaching experience (≥ 5 years)  71 70 74 73 

Grade 6–8 teaching experience (≥ five years) 65 59 52 56 

Computer science teaching experience (≥ five years) 0 22 19 17 

Education level (master’s degree or higher) 88 48 45 53 

Race/ethnicity  

White 47 30 47 42 

Black/African American 12 48 28 30 

Hispanic 18 7 10 11 

Asian 12 0 0 2 

Native American 0 0 2 1 

Multiple races 0 4 3 3 

Not reported 12 11 10 11 
na is not applicable because data on English language proficiency were not collected in the first two rounds of pilot data. 
Source: Data on Computational Thinking–Pedagogical Content Knowledge Survey responses from teachers in pilot districts. 

Stuctural validity analyses 
Confirmatory factor analyses. Confirmatory factor analyses (CFA) were conducted using the lavaan package in R 
based on a covariance matrix of the tetrachoric correlation and using full maximum likelihood estimation with 
theta parameterization (Rosseel, 2012). For CFA, a group of fit indices were considered to determine adequate 
model fit: the comparative fit index (CFI), the Tucker–Lewis Index (TLI), the root mean square error of 
approximation (RMSEA), and the standardized root mean residual (SRMR). CFI or TLI values greater than 0.90 
and RMSEA and SRMR values smaller than 0.08 indicate an optimal fit between the hypothesized model and the 
data. Under the two-index presentation strategy suggested by Hu and Bentler (1999), acceptable model fit is 
indicated by an SRMR less than 0.10 and either a RMSEA less than 0.10 or a CFI/TLI greater than 0.90. 

Analyses showed that the hypothesized model of CT-PCK reflecting the five core CT practices with all 25 items 
did not show evidence of acceptable fit under the more stringent thresholds of 0.90 for CFI or TLI. However, 
under the two-index presentation strategy (Hu and Bentler, 1999), this model did show evidence of adequate fit, 
with an SRMR and RMSEA both below 0.10 (table A4). Further examination of the individual factors using a 
principal components analysis of the residuals after Rasch showed percentage of explained variance of the first 
contrast each below 2.0 and infit and outfit statistics for all items between 0.7 and 1.3, providing preliminary 
evidence that the items in these subscales function as coherent unidimensional measures of the five core CT 
practices (Raîche, 2005; Wright & Linacre, 1994). However, measures of reliability for these subscales were low 
(Cronbach’s α = .22-.48). Due to the relatively small sample size and small number of items, further analyses are 
needed to confirm whether these subscales can be treated as separate measures of the five core practices of CT. 
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Next, a second CFA was conducted to explore an alternative single-factor CT structure using all 25 items. CFI and 
TLI fit statistics for this model also did not reach the more stringent thresholds of adequate fit as described above 
but did meet the thresholds under the two-index presentation strategy (Hu and Bentler (1999), with an RMSEA 
and SRMR under 0.10. As discussed by Chen (2007), changes in CFI, TLI, and RMSEA greater than 0.01 are 
considered significant. Based on this, results from the five-factor model suggest that it is a significantly better fit 
to the data than the single-factor model (see table A4). Further examination of the principal component analysis 
of the residuals after Rasch showed an eigenvalue of 2.08 on the first contrast, slightly above the threshold that 
would suggest unidimensionality (Raîche, 2005). However, infit and outfit statistics were between 0.7 and 1.3 for 
all items, providing some initial evidence of undimensionality across the 25-item scale. 

Table A4. Fit statistics and likelihood ratio test comparing a five-factor confirmatory factor analysis model 
to a single-factor model for the original 25-item scale. 

Model 

Comparative 
fit index 

(CFI) 

Tucker–
Lewis Index 

(TLI) 

Root mean square 
error of approximation 

(RMSEA) 

Standardized 
root mean 

residual (SRMR) 

Degrees 
of 

freedom 
Chi  

squared 

One factor 0.734 0.710 0.042 0.083 275 324.32 

Five factors 0.774 0.744 0.039 0.083 265 306.92 
Note: n = 102 teachers.  
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 

Exploratory factor analysis. In addition to the CFA of the single-factor model, a series of exploratory factor 
analyses (EFAs) were conducted to see if there were other factor structures reflected in the data. Because items 
were highly correlated overall, an oblique oblimin rotation was used with all EFAs to allow for factors to 
correlate. These EFAs were conducted using a randomized split-half approach (where data were randomly 
divided into two samples) to allow for follow-up confirmatory analyses with any factor structures identified in 
the EFAs. Factor structures were examined and assessed using multiple criteria: eigenvalues and visual scree 
plots (figure A1; Williams et al., 2010); fewer factor loadings below a threshold of 0.3 (Brown, 2015); fewer items 
cross-loaded to multiple factors (Sass & Schmitt, 2010); a simpler structure (Fabrigar et al., 1999); and the 
meaningfulness of each factor (Gadermann et al., 2012).  

Figure A1. Scree plot of eigenvalues for each number of factors from exploratory factor analyses 
Eigenvalue 

0.0
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Number of factors

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

Examination of raw eigenvalues and a scree plot showed linearity after one factor, suggesting that a single-factor 
structure was most appropriate for the data. Additional exploratory factor analyses examining two, three, and 
four factors contained multiple items that loaded to no factor at or above the threshold of .3 (Brown, 2015), were 
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cross-loaded to multiple factors (Sass & Schmitt, 2010), or contained groupings of items that did not cohere into 
meaningful factors (Gadermann et al., 2012). The single-factor EFA identified 16 items with factor loadings above 
the threshold of .3 (table A5), so these items were retained as a single-factor scale to confirm using CFA on the 
second randomized half of the data.  

The fit statistics of the 16-item single-factor scale met the threshold of good fit (table A6). However, some indices 
suggested potential overfitting of the model to the data (CFI/TLI at or above 1, RMSEA of 0). This may have been 
due to the small sample size (n = 51) when using the split-half approach. For this reason, a CFA was also conducted 
of the 16-item single-factor model using the full sample (n = 102), which suggested acceptable fit (Hu & Bentler, 
1999).  

Table A5. Factor loadings to the single-factor exploratory factor analyses (EFA) for all 25 items, and the 
single-factor confirmatory factor analyses (CFA) for the final 16 items  

Factor loading Factor loading 

Item EFA (25-item) CFA (16-item) Item EFA (25-item) CFA (16-item) 

2†  .551 .466  14†  .333 .436 

8†  .519 .351 6†  .323 .402 
 24†  .486 .496 9†  .296 .429 

5†  .471 .208 11 .273  

3†  .468 .527 18 .265  
 21†  .464 .268 10 .247  

7†  .449 .420 19 .198  
 25†  .442 .250 17 .189  
 20†  .390 .275 12 .188  
 23†  .388 .436 1 .143  
 22†  .386 .375 15 .018  

4†  .386 .283 16 –.090  
 13†  .345 .288    

† Items that were retained in the single-factor scale. 
Note: n = 102 teachers. Items are sorted from highest to lowest factor loading on the single-factor exploratory factor analyses. 
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 

Table A6. Fit statistics and likelihood ratio test for the single-factor 16-item scale, using a random split half 
sample and the full sample 

Model 

Comparative 
fit index 

(CFI) 

Tucker–
Lewis Index 

(TLI) 

Root mean square 
error of 

approximation 
(RMSEA) 

Standardized 
root mean 

residual 
(SRMR) 

Degrees 
of 

freedom 
Chi  

squared 

One factor (16-item 
scale, split half 
sample) 1.000 1.014 0.000 0.094 104.000 103.30 

One factor (16-item 
scale, full sample) 0.831 0.805 0.046 0.077 104.000 125.96 

Note: split-half sample n  = 51 teachers; full sample n = 102 teachers.  
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 
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Rasch analyses. To verify the coherence of the reduced 16-item single-factor scale, Rasch analyses were 
conducted to determine whether there was adequate evidence showing that the items formed a unidimensional 
single-factor scale. Two approaches were used as a secondary assessment of dimensionality: assessing residual 
principal components and assessing item fit. The residual principal components analysis demonstrated good fit 
to a single-factor model with an eigenvalue of 1.84 on the first contrast, which is the second most detectable 
structure in the data after accounting for the measurement model. Eigenvalues on the first contrast below 2.0 
are generally considered ignorable and provide evidence of useful unidimensionality (Raîche, 2005). Item infit 
and outfit statistics for all items were between 0.7 and 1.3 (table A7). Infit and outfit levels between 0.6 and 1.4 
are generally considered to satisfactorily fit the Rasch model for rating scales (Wright & Linacre, 1994).  

Table A7. Item difficulties and infit and outfit statistics for each item in the 16-item scale 

Item 
Item difficulty 

(logits) 
Percent  
correct 

Infit  
(mean square) 

Infit z-score 
(standardized) 

Outfit 
(mean square) 

Outfit z-score 
(standardized) 

6 1.27 36 0.96 –0.40 0.98 –0.10 

20 0.96 42 1.09 1.00 1.04 0.30 

25 0.96 42 1.10 1.10 1.16 1.10 

7 0.61 49 0.96 –0.50 0.88 –0.90 

3 0.32 55 0.87 –1.60 0.80 –1.60 

4 0.07 60 1.06 0.80 1.02 0.20 

5 0.02 61 1.12 1.30 1.14 1.00 

8 –0.03 62 1.00 0.00 0.98 –0.10 

2 –0.09 63 0.93 –0.70 0.83 –1.20 

21 –0.09 63 1.07 0.80 1.13 0.90 

22 –0.24 66 1.02 0.20 1.19 1.20 

13 –0.30 67 1.04 0.40 1.09 0.60 

23 –0.35 68 0.96 –0.40 0.91 –0.50 

9 –0.41 69 0.96 –0.30 0.97 –0.10 

14 –1.10 79 0.98 –0.10 0.79 –0.80 

24 –1.59 85 0.84 –0.80 0.79 –0.50 
Note: n = 102 teachers. Items sorted by difficulty. 
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 

In addition to confirming the unidimensionality of the scale, the Rasch model provided information about the 
relative difficulty of each item (see table A7). Results showed that the 16-item scale contained items with a range 
of difficulty, from 1.27 to –1.59 logits. To examine the extent to which the CT–PCK Survey contained items that 
assessed individuals in the sample at different levels of ability, a Wright map was constructed (figure A2). The 
results show useful alignment between item difficulty and person ability scores, with the bulk of items targeting 
individuals in the middle range of ability on the overall CT–PCK construct (0.5 to –0.5 logits) and some items 
assessing individuals at a range of higher ability levels (above 1 logit) and lower ability levels (below–1.5 logits) on 
the CT–PCK construct. 
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Figure A2. Wright map showing distribution of person ability and item difficulty for each item in the 16-
item scale 

Note: n = 102 teachers. Distribution of respondents shows a histogram of the number of participants at different levels of person ability on the latent dimension 
(i.e., Computational Thinking–Pedagogical Content Knowledge [CT–PCK] in logits). Items show the difficulty of each item on the latent dimension (i.e., CT-PCK) 
in logits).  
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking Pedagogical Content Knowledge Survey. 

Reliability 
The internal consistency reliability of the 16-item scale was examined using both the Kuder–Richardson Formula 
20 (KR-20) and Cronbach’s alpha, as well as McDonald’s omega (McDonald, 1999). Overall reliability for the 
single-factor scale was adequate using both the KR-20 and Cronbach’s alpha (.71) and McDonald’s omega (.72). 
Tetrachoric item–measure correlations were also all above .3, indicating that scores on individual items in the 
scale were well aligned with scores on the scale overall (table A8). Values greater than .20 are generally 
considered to demonstrate acceptable internal consistency (Zijlmans et al., 2018). 

Rasch analyses were also used to estimate person separation reliability to determine the measure’s ability to 
consistently distinguish between different levels of ability on the latent construct. Unlike the KR-20 and 
Cronbach’s alpha, person separation is largely driven by the alignment between item difficulty and the target 
population’s ability distribution rather than by how well individual item responses correlate with each other. 
Alpha coefficients tend to overestimate true reliability, while person separation reliability tends to provide a 
more conservative estimate; together, they can provide upper and lower bounds for an estimate of the true 
reliability of a measure.  

Results showed the 16-item survey to have adequate person separation reliability (0.69), suggesting moderate 
stability and replicability of person ability levels across measure administrations or similar samples and contexts. 
The survey also showed adequate person separation (1.49); it was able to distinguish between two and three 
statistically distinct ability levels. This result suggests that the survey could accurately distinguish between 
individuals with different levels of ability on the CT–PCK construct.
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Table A8. Tetrachoric item–measure correlation matrix for the 16-item scale 

Item 2 3 4 5 6 7 8 9 13 14 20 21 22 23 24 25 Test 

2 1.00                 

3 .43 1.00                

4 .43 .10 1.00               

5 .21 .13 .13 1.00              

6 .19 .43 .26 .03 1.00             

7 .48 .45 .07 .47 –.01 1.00            

8 .23 .09 .34 .31 .29 .39 1.00           

9 .15 .44 .15 –.04 .42 .25 .33 1.00          

13 .09 .50 .29 .18 .17 .31 .14 .32 1.00         

14 .28 .22 .22 .07 .56 .11 .34 .55 –.20 1.00        

20 .27 .40 .15 .19 .09 .18 .03 –.11 .09 .26 1.00       

21 .26 .25 .11 .07 .05 .17 .23 .22 .30 .02 .20 1.00      

22 .20 .40 .06 .09 .19 .01 .25 .22 .31 .33 –.02 .14 1.00     

23 .12 .34 .12 .00 .37 .41 .17 .34 .15 .45 .48 .12 .26 1.00    

24 .65 .34 .21 .12 .43 .36 .24 .26 .00 .48 .15 .26 .60 .44 1.00   

25 .13 .02 .08 .12 .22 .12 .03 .25 .09 .44 .18 .20 .19 .06 .38 1.00  

Overall 
test 

.50 .54 .39 .34 .46 .48 .43 .44 .38 .42 .38 .37 .39 .46 .46 .36 1.00 

Note: n = 102 teachers.  
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 
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Differential test and item functioning 
As a first step in understanding differential response patterns, which indicate potential differences in content 
interpretation, analysis of variance and covariance (ANOVA) was used to examine whether there were overall 
mean differences in scores for respondents with different teacher characteristics. Prior to conducting the 
ANOVA, simple bivariate correlations between the overall score and binary indicators of individual teacher 
characteristics were examined to identify potential teacher characteristic groups for which differences might be 
observed (table A9). 

Table A9. Correlation matrix of total score on the 16-item scale and indicators of teacher characteristics 

Teacher 
characteristic 

Total 
score District 

Race/ 
ethnicity Gender 

Teaching 
experience 

Teaching 
certification 

Education 
level 

Grade  
6 

Pct score 1        

District –.05 1       

Race/ethnicity† .37* –.04 1      

Gender† .27* –.14 .14 1     

Teaching 
experience† .24* .02 .08 .10 1    

Teaching 
certification† –.25* .10 –.16 –.04 –.27* 1   

Education level .10 –.32* .21* –.01* .39* –.14 1  

Grade 6  .12 .15 .12 .02 .07 .01 –.08 1 
* Significant at p < .05.  
† Variables that were used in the subsequent analysis of variance and covariance. 
Note: n = 102 teachers. District: 1 = District B, 0 = District A. Race/ethnicity: 1 = White, 0 = other race/ethnicity. Gender: 1 = female, 0 = male. Teaching experience: 
1 = five years or more of teaching experience, 0 = fewer than five years of teaching experience. Teaching certification: 1 = emergency certification, 0 = non-
emergency certification. Education level: 1 = more than a bachelor’s degree, 0 = bachelor’s degree or lower. Grade taught: 1 = grade 6, 0 = all other grade levels.  
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 

For each characteristic for which correlations with the final score were larger than .20, an ANOVA was conducted 
estimating the marginal means of the total score for each teacher characteristic group (table A10). Results showed 
that there were significant differences in overall mean differences in these groups (α < .05).  

Next, to test whether these observed differences in scores were related to the way that the scale as a whole or 
individual items of the scale functioned for teachers in these groups, differential test functioning (DTF) analyses 
and differential item functioning (DIF) analyses were conducted for each group for which results showed 
statistically significant mean differences in the overall score.  

Differential test functioning. DTF analyses calculate the difficulty of all items in the survey separately within each 
teacher characteristic group and then compare the relative difficulty of these estimates across all items between 
groups of teachers with the characteristic and those without it. First, overall test characteristic curves were 
estimated separately for each teacher characteristic group. This provided the estimated total score at each ability 
level on the latent characteristic. Overall, with ability held constant for each group, the estimated total score on 
the CT–PCK Survey was fairly similar for teachers with a particular characteristic and those without it (table A11). 
At a Rasch ability level of 0 (50 percent probability of correctly answering an item of average difficulty), men had 
a slightly higher (0.24 points) expected total score than women, and teachers of a race/ethnicity other than White 
had a slightly higher (0.07) estimated total score than White teachers. Teachers at the same ability level with 
different levels of teaching experience and different certifications had the same estimated total score. 
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Table A10. Analysis of variance and covariance for Computational Thinking–Pedagogical Content 
Knowledge Survey scores on the 16-item scale by teacher characteristics 

Teacher characteristic n Mean 
Standard  

error 
Mean 

difference p 

Full sample 102 .60 0.02 na na 

Race/ethnicity      

White 59 .71 0.03 
.18 .000 

Other race/ethnicity 43 .53 0.03 

Gender      

Female 63 .66 0.02 
.15 .000 

Male 39 .51 0.03 

Teaching experience      

Five years or more 74 .63 0.02 
.10 .033 

Fewer than five years 28 .53 0.04 

Teaching certification      

Non-emergency certification 88 .62 0.02 
.14 .013 

Emergency certification 14 .48 0.04 
na is not applicable because no differences were calculated on the full sample.  
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 

Table A11. Expected score on the 16-item scale and difference in expected score at average ability level for 
teachers by teacher characteristics 

Teacher characteristic n 
Expected  

scorea 

Difference in  
expected score 

Full sample 102 7.98 na 

Race/ethnicity    

White 59 7.95 
0.07 

Other race/ethnicity 43 8.02 

Gender    

Female 63 7.95 
0.24 

Male 39 8.19 

Teaching experience    

Five years or more 74 7.99 
0.00 

Fewer than five years 28 7.99 

Teaching certification    

Non-emergency certification 88 7.98 
0.00 

Emergency certification 14 7.98 
na is not applicable because no differences were calculated on the full sample.  
a. Expected score is the estimated overall score on the test where the Rasch ability score is 0 (where the person has a 50 percent probability of correctly answering 
an item of average difficulty). 
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 
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Next, item difficulties were estimated separately for each teacher characteristic group, and a scatterplot was used 
to visually compare the relative difficulties across all items on the 16-item scale (figures A3–A6). A scale with no 
DTF would predict a perfect linear relationship between difficulty for each group, while deviations from this 
linear trend indicate that across all items in the scale there are differences in the difficulties by group. For 
example, in figure A3, the overall residual variance of a linear fit for item difficulty for White teachers compared 
to teachers of another race/ethnicity (R2 = .46) differed from a perfect linear fit (R2 = 1.0) by .64, with some item 
difficulties for each group above and some item difficulties below that of the other group. These analyses suggest 
that there may be some individual items that perform differently by group. 

Figure A3. Differential test functioning across items on the 16-item scale for teacher race/ethnicity 
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Note: A Rasch ability score of 0 indicates a 50 percent probability of correctly answering an item of average difficulty. 
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 
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Figure A4. Differential test functioning across items on the 16-item scale for teacher gender 
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Note: A Rasch ability score of 0 indicates a 50 percent probability of correctly answering an item of average difficulty. 
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 
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Figure A5. Differential test functioning across items on the 16-item scale for teaching experience 
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Note: A Rasch ability score of 0 indicates a 50 percent probability of correctly answering an item of average difficulty. 
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 



 
REL 2026–007 A-16 

 

Figure A6. Differential test functioning across items on the 16-item scale for teaching certification 
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Note: A Rasch ability score of 0 indicates a 50 percent probability of correctly answering an item of average difficulty. 
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 

Differential item functioning. DIF analyses separately estimate differences in item difficulty between teachers with 
a particular characteristic (the reference group) and those without it for each item on the 16-item scale, based on 
estimates calculated using the full sample. DIF contrast scores show the raw difference in logits of item difficulty 
between any two groups, holding person ability constant (tables A12–A15). Positive scores indicate that the item 
is more difficult for the reference group and negative scores that the item is easier for the reference group. The 
statistical significance of each DIF contrast was first assessed using a Rasch–Welch significance test, which is 
recommended for sample sizes between 100 and 200 (Schulz, 1990). Since the DIF analyses included multiple 
comparisons (for example, 16 items by four groups), a Benjamini–Hochberg correction was then applied 
(Benjamini & Hochberg, 1995). After this correction, results showed no statistically significant DIF on any items. 
However, several items did show raw differences in item difficulty by teacher characteristic that were greater 
than 0.64 logits, an Educational Testing Service threshold indicating moderate to large differential functioning 
(Zwick et al., 1999).  

Specifically, five items on the 16-item scale (items 2, 3, 20, 23, and 25) showed moderate to large differences in 
item difficulty by teachers’ race/ethnicity, with four items that tended to be easier for White teachers and one 
item that tended to be easier for teachers of other race/ethnicity (table A12). Four items (items 5, 6, 8 and 22) 
showed moderate to large differences in item difficulty by teachers’ gender, with two items that tended to be 
easier for men, and two items that tended to be easier for women (table A13). Three items (items 3, 5, and 20) 
showed differences in item difficulty by teachers’ years of experience, with two items that tended to be easier 
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for teachers with five years or more of experience, and one item that tended to be easier for teachers with fewer 
than five years of experience (table A14). Four items showed differences in item difficulty by teachers’ 
certification type (items 2, 20, 21 and 23), with two items that tended to be easier for teachers with emergency 
certifications, and two items that tended to be easier for teachers without emergency certifications (table A15).  

Table A12. Differential item functioning across items on the 16-item scale for teacher race/ethnicity 

Item 

Differential item 
functioning (DIF) contrast 

(logits) 
Standard  

error 
Rasch– 

Welch p 
With Benjamini–

Hochberg correction 

2 –1.10a 0.53 .043 No DIF 
3 –0.74a 0.48 .125 No DIF 
4 0.11 0.46 .820 No DIF 
5 0.40 0.46 .386 No DIF 
6 –0.29 0.47 .535 No DIF 
7 –0.16 0.45 .725 No DIF 
8 0.48 0.46 .297 No DIF 
9 0.41 0.49 .397 No DIF 
13 0.47 0.48 .328 No DIF 
14 0.10 0.58 .864 No DIF 
20 –1.02a 0.48 .037 No DIF 
21 0.57 0.46 .223 No DIF 
22 0.61 0.47 .201 No DIF 
23 –0.98a 0.55 .081 No DIF 
24 –0.45 0.73 .541 No DIF 
25 1.08a 0.45 .019 No DIF 

Note: n = 102 teachers. Negative values indicate that the item is easier for White teachers, and positive values indicate that the item is easier for teachers of other 
race/ethnicity. 
a. Raw DIF contrast between groups is above 0.64 threshold for moderate to large differences (Zwick et al., 1999). 
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking-Pedagogical Content Knowledge Survey. 
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Table A13. Differential item functioning across items on the 16-item scale for teacher gender 

Item 

Differential item 
functioning (DIF) 
contrast (logits) 

Standard  
error 

Rasch– 
Welch p 

With Benjamini–
Hochberg correction 

2 –0.36 0.47 .440 No DIF 

3 –0.51 0.46 .277 No DIF 

4 0.12 0.46 .796 No DIF 

5 0.67a 0.46 .152 No DIF 

6 –2.21a  0.68 .002 No DIF 

7 0.60 0.45 .186 No DIF 

8 0.80a 0.46 .090 No DIF 

9 –0.28 0.48 .558 No DIF 

13 0.14 0.47 .766 No DIF 

14 0.25 0.54 .646 No DIF 

20 0.33 0.46 .472 No DIF 

21 0.28 0.46 .542 No DIF 

22 –0.66a 0.48 .172 No DIF 

23 0.03 0.48 .954 No DIF 

24 –0.37 0.62 .551 No DIF 

25 0.33 0.46 .472 No DIF 
Note: n = 102 teachers. Negative values indicate that the item is easier for female teachers, and positive values indicate that the item is easier for male teachers. 
a. Raw DIF contrast between groups is above 0.64 threshold for moderate to large differences (Zwick et al., 1999).  
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 
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Table A14. Differential item functioning across items on the 16-item scale for years of teaching experience 

Item 

Differential item 
functioning (DIF) 
contrast (logits) 

Standard  
error 

Rasch– 
Welch p 

With Benjamini–
Hochberg correction 

2 0.39 0.51 .445 No DIF 

3 –1.11a  0.53 .043 No DIF 

4 0.10 0.50 .848 No DIF 

5 0.79a 0.51 .129 No DIF 

6 0.18 0.53 .740 No DIF 

7 0.59 0.50 .238 No DIF 

8 –0.03 0.50 .949 No DIF 

9 –0.33 0.52 .525 No DIF 

13 –0.17 0.51 .744 No DIF 

14 0.11 0.58 .851 No DIF 

20 –0.83a 0.57 .151 No DIF 

21 0.13 0.50 .791 No DIF 

22 –0.61 0.51 .239 No DIF 

23 0.56 0.53 .296 No DIF 

24 0.60 0.69 .391 No DIF 

25 –0.23 0.53 .664 No DIF 
Note: n = 102 teachers. Negative values indicate that the item is easier for teachers with five years or more of teaching experience, and positive values indicate 
that the item is easier for teachers with fewer than five years of teaching experience.  
a. Raw differential item functioning contrast between groups is above 0.64 threshold for moderate to large differences (Zwick et al., 1999). 
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 



 
REL 2026–007 A-20 

 

Table A15. Differential item functioning across items on the 16-item scale for teaching certification 

Item 

Differential item 
functioning (DIF) 
contrast (logits) 

Standard  
error 

Rasch– 
Welch p 

With Benjamini–
Hochberg correction 

2 –0.79a 0.63 .231 No DIF 

3 –0.10 0.62 .867 No DIF 

4 0.17 0.62 .781 No DIF 

5 –0.52 0.62 .411 No DIF 

6 0.04 0.72 .957 No DIF 

7 –0.47 0.61 .455 No DIF 

8 0.30 0.62 .636 No DIF 

9 0.38 0.62 .551 No DIF 

13 0.62 0.62 .330 No DIF 

14 0.00 0.68 1.00 No DIF 

20 0.97a 0.82 .252 No DIF 

21 –0.79a 0.63 .231 No DIF 

22 –0.21 0.62 .742 No DIF 

23 1.09a 0.64 .106 No DIF 

24 –0.54 0.85 .537 No DIF 

25 –0.06 0.66 .926 No DIF 
Note: n = 102 teachers. Negative values indicate that the item is easier for teachers with an emergency certification, and positive values indicate that the item is 
easier for teachers without an emergency certification.  
a. Raw DIF contrast between groups is above 0.64 threshold for moderate to large differences (Zwick et al., 1999). 
Source: Regional Educational Laboratory Midwest study team analysis of responses to the Computational Thinking–Pedagogical Content Knowledge Survey. 
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Appendix B. Computational Thinking–Pedagogical Content Knowledge Survey for 
Middle School Math Teachers items 
Included below is the complete set of 25 items used in this study, with an answer key. Items that were included 
in the final 16-item CT–PCK Survey measure based on analyses reported in this study are indicated below with 
an asterisk. 

Computational Thinking–Pedagogical Content Knowledge Survey for 
Middle School Math Teachers 

Instructions 

The purpose of this survey is to understand your ability to interpret mathematical teaching 
scenarios and respond to them using specific instructional practices that integrate computational 
thinking: a set of concepts and skills from computer science that can be used to help solve 
problems (see table below for examples). 

Concept or skill Definition 

Pattern recognition Observing and identifying patterns, trends, and regularities in data, 
processes, or problems. 

Abstraction Identifying the general principles and properties that are important and 
relevant to the problem. 

Decomposition Breaking down data, processes, or problems into meaningful smaller, 
manageable parts. 

Debugging Reviewing solutions to troubleshoot errors or improve the solution. 

Algorithm development Developing step-by-step instructions for solving a problem and similar 
problems. 

This survey will present 25 questions about different mathematics teaching scenarios, followed by 
5 questions on your demographic characteristics. The questions will ask you to identify an 
instructional approach that uses computational thinking to support students’ understanding of 
the mathematics content in the scenario. Note that multiple response options may represent a 
reasonable instructional approach; however, your goal is to select the response that best supports 
students’ understanding of the mathematics through a computational thinking approach, based only 
on the information provided in the scenario. 
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Using the information provided in each teaching scenario, please select the best 
response for each of the questions that follow.  

1. A teacher is planning a lesson on finding the factors of odd and even numbers. One of the 
goals is for students to understand why all of the factors of odd numbers will always be 
odd.   

Which of the following options structures this lesson to incorporate computational 
thinking? 

a. Give students a list of odd numbers and ask them to list all the 
factors. 

b. Explain to students why odd numbers only have odd factors, and 
why the factors of even numbers include two. 

c. Brainstorm with students the different ways to represent the 
factors of 15 as a rectangle, using a whiteboard or projector. 

d. Provide students with a set of odd and even numbers, and have 
them look for similarities and differences in the factors for each. 

2. * A teacher gave students a homework assignment on multiplication and division of 
decimals that included the three items shown below. The next day the teacher noticed that 
many students had answered homework questions 1 and 3 correctly, but most had gotten 
an incorrect answer of $8.00 for question 2: 

1) If turkey costs $1.25 per lb., how much does a 15-lb. turkey cost? 
2) If 10 oz. of rice is $0.80, how much does this rice cost per oz.? 
3) If tomatoes cost $0.30 per lb., how much do 4 lbs of tomatoes cost? 

Which of the following prompts students to use computational thinking to help them solve 
the problem? 

a. Give students a practice sheet of multiplication and division with 
decimals.  

b. Have students compare and contrast each sentence to determine 
the correct operation to use.  

c. Give a minilesson on the number of ounces in a pound and the 
number of cents in a dollar. 

d. Have students work together on solving multiplication problems 
with decimals. 
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3. * A teacher is teaching a lesson about finding the sum of the interior angles of any polygon. 
Students have already determined that the sum of the angles in a triangle is 180° and that 
the sum of the angles in a rectangle is 360°. 

Which of the following structures this activity to incorporate computational thinking? 
a. Provide students with the formula 𝑛𝑛 − 2(180°) and have them use 

it to calculate the interior angles for a triangle and a rectangle. 
b. Keep a shared table of the number of sides and the angle sums 

for different polygons throughout the unit, and discuss any 
patterns that appear. 

c. Teach students to use a protractor to measure the angles of a 
polygon, and have them measure the angles of different kinds of 
triangles. 

d. Have students come up with precise definitions for triangles and 
rectangles by identifying their properties. 

4. * A teacher is giving a lesson on finding equivalent fractions. They start by giving each 
group of students a set of fractions and asking students to find which are equivalent. One 
group worked with the following set of fractions and circled the ones they thought were 
equivalent. 

2
3
          1

2
          8

10
          6

15
          20

30
          4

9
          14

21
          3

4
          30

45
          5

8
          8

12
 

Which of the following prompts students to use computational thinking to help them solve 
the problem? 

a. Remind students that the numerator and denominators of 
equivalent fractions have to be multiples of each other. 

b. Have students create a table of fractions starting with 2
3
 and 

multiply the numerator and denominator by 2, 3, 4, and so on in 
each column. 

c. Tell students to use a calculator to convert the fractions to a 
decimal to determine whether they are the same. 

d. Do nothing; students have all the correct answers circled.  
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5. * Students just finished a unit on adding fractions by first finding a common denominator. 
The class is now moving on to operations with decimals. One student was explaining the 
following to their group as a way that they checked their answer: 

The number in the space right after the decimal point is always a fraction out of 
10. So since those have the same denominator, we can add them together just 
like we did last week. 

Which of the following highlights this student’s use of computational thinking in their 
solution? 

a. “I like how you were collaborating with your group to come up 
with that answer.” 

b. “I heard you making connections to what we did in our last unit; 
did you find that helpful?” 

c. “Would you be willing to share this answer with the whole class 
when the activity is over?” 

d. “Can you remember the name we call the numbers in the space 
right after the decimal?” 

6. * A teacher is about to wrap up a unit on dividing fractions, and gave the quick quiz shown 
below to see how students were doing. Students did fine on the first two problems but 
struggled with the third problem: 

1) 8
3

÷ 2
3

=  

2) 5
9

÷ 3
9

=  

3) 4
5

÷ 1
3

=  

Which of the following would structure a follow-up lesson to incorporate computational 
thinking? 

a. Show students how to solve questions 1 and 2 by inverting the 
divisor and multiplying across the top and bottom of the 
fractions. 

b. Give a minilesson on finding the least common denominator. 
c. Have students use graph paper to re-represent equivalent 

fractions as out of the same denominator and show the division 
visually.  

d. Have the next homework assignment be primarily questions like 
question 3 to give students more practice. 
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7. * A teacher is planning a lesson on area formulas. One goal is for students to derive the 
area formula for a triangle. So far, students have found the area of rectangles by counting 
the squares inside rectangles drawn on grid paper. The teacher then had students use a 
diagonal line to divide the rectangles into two triangles as shown below:   

Which of the following structures this activity to incorporate computational thinking? 
a. Have the class estimate the area for each triangle and compare 

these with each rectangle area.  
b. Have students label the length and width of the rectangle. 
c. Have students draw different rectangles that are the same area 

with different dimensions. 
d. Ask students to write out how they found the area of the 

rectangle. 

8. * A student is working on the following word problem relating to multiplying fractions.  

Leah and her roommate found a pie in the fridge that had 3 out of 5 equal-sized 
pieces left. They were going to share what was left by splitting it in half. How 
much of the leftover pie will each of them get to eat? 

The correct answer is 3/10. The teacher saw that the student has written and circled the 
following answer on their paper: 

3/5 – 1/2 =  
6/10 – 5/10 = 1/10 

Which of the following prompts students to use computational thinking to help them solve 
the problem? 

a. Have the student re-read the problem to make sure they 
understand it.  

b. Ask the student to use pictures to represent what is happening in 
the problem. 

c. Remind the student that when adding or subtracting fractions, 
they need to convert the fractions to have the same denominator. 

d. Have the student try another problem using simpler fractions 
first (that is, 2/4 and 1/2).  
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9. * It’s fall sports season at school, and everyone is excited about attending the games. A 
teacher uses the following word problem to introduce a lesson on unit rate.  

A fall sports pass that lets you get into every game costs $12.00. A ticket to one 
game costs $1.25. How many games do you have to attend for the pass to be the 
least expensive option? 

The answer is 10 games. The teacher notices that many students set up the problem this 
way: 

Step 1: $12 ÷ $1.25 = $9.60 for the same number of games 

Step 2: $9.60 ×  1 game = $9.60 (less than $12) 

Step 3: $9.60 ×  2 games = $19.20 (more than $12) 

Two games 

Which of the following prompts students to use computational thinking to catch their 
mistake? 

a. Have students redo step 1 and suggest that they pay close 
attention to their units. 

b. Have students work together in groups to discuss their answers. 
c. Have students create a table or graph to represent the cost of 

attending different numbers of games with one-game tickets. 
d. Give students a different problem that doesn’t use decimals. 

10. A teacher is listening to groups that are working on subtracting negative numbers using the 
number line. She overhears one student demonstrating and describing it this way to other 
students: 

It’s like I’m doing the moonwalk. I’m looking toward the negative direction, but 
I’m walking backward, so I end up somewhere more in the positive direction. 

Which of the following highlights this student’s use of computational thinking in their 
solution? 

a. “I like how you connected what you are doing to a dance that you 
know.” 

b. “It’s helpful how you are focusing on communicating the 
important information to your classmates: the directions you are 
facing and traveling, and where you end up.” 

c. “Would you mind sharing with the class so they can hear how 
you used your math vocabulary in your explanation?” 

d. “Can you tell your classmates again to make sure everyone 
heard?”  



 
REL 2026–007 B-7 

 

11. Students are working on an activity where they need to arrange cards in order based on 
their value. Some of the numbers are shown below: 

1
7
8

 –1.67 
3
5

 −1
1
3

 .22 −2
3
5

 

Which of the following structures this activity to incorporate computational thinking? 
a. Have students convert each fraction to a decimal, and then 

arrange them. 
b. Remind students that 3/5 has to be bigger than .22 because it is 

the same as 6/10.  
c. Have students first arrange the numbers based on the sign and 

the whole numbers, then rearrange based on the fractions and 
decimals. 

d. Both a and c. 

12. A teacher is giving a lesson on inequalities. One problem is asking about possible ages for 
the siblings in a family, as described below: 

Three siblings in a family are all between the ages of 1 and 18. Blake is the oldest 
sibling and is at least 8 years older than Harper. Harper is the youngest sibling 
and is at least 3 years younger than Jesse. What are the possible ages for each 
sibling? 

Which of the following structures this activity to incorporate computational thinking? 
a. Have students guess three ages and check to determine whether 

they satisfy the rules. 
b. Have students start by determining the minimum and maximum 

possible ages for each sibling. 
c. Suggest that students assume that Jesse’s age is 18 and work 

backward to determine the possible ages of Blake and Harper. 
d. Create a table of their classmates siblings and their ages. 
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13 * Students have finished a unit on finding the area of rectangles and triangles, and are 
moving into surface area of three-dimensional shapes. The first problem students will work 
with is finding the surface area of the regular pyramid shown below:  

Which of the following prompts students to incorporate computational 
thinking in their solution? 

a. Suggest that students use a calculator to help the find the surface 
area. 

b. Remind students to account for all five sides of the shape when 
finding the surface area. 

c. Suggest students focus on finding the area of one face at a time as 
they work toward finding the total surface area. 

d. Have students find the surface area of several three-dimensional 
shapes. 
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14. * A teacher is observing a lesson on finding the least common multiple (LCM), using the 
following method:  

1) Write down the prime factors for each number.  
2) For every matching pair of prime factors between the two 

numbers, cross one of them out. 
3) Multiply all of the remaining prime factors together. 

Students are working in groups to identify the LCM of 12 and 18. The answer is 36. The 
teacher notices one group of three students are all getting different answers: 

Student A 
12   2 × 6 
18   3 × 3 × 2 
6 × 3 × 3 × 2 = 108 
LCM = 108 

Student B  
12   3 × 2 × 2 
18   3 × 3 × 2 
3 × 2 = 6 
LCM = 6 

Student C  
12   2 × 6 
18   3 × 6 
2 × 6 × 3 = 36 
LCM = 36 

Which of the following prompts students to use computational thinking to catch their 
mistake? 

a. Provide a minilesson on prime factors. 
b. Have student B re-read step 3, since their answer is incorrect.  
c. Point out to all students that student C’s solution is correct.  
d. Have the three students share their approach to each step and 

discuss any differences or similarities.  

15. Students are working on prime factorization. One group is stuck on where to start in 
finding the factors of 356. One student suggests the following approach: 

Well, we know that it ends in a 6 so it must be even, so that means that at least 
one of the factors is a 2. 

Which of the following highlights the student’s use of computational thinking in their 
solution? 

a. “That was a good idea to get started with something that you 
already knew how to do.”  

b. “That’s true! What other numbers do you know are divisible by 
2?” 

c. “If its divisible by two, do you think it’s also divisible by 4?” 
d. “What do we call numbers that aren’t divisible by 2?”  
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16. Students are learning how to multiply decimals. The teacher had given a set of homework 
problems to find where students were in their understanding. The first three problems are 
shown below: 

a. 0.25 ×  1.3 = ? 
b. 4.6 ×  1.2 = ? 
c. 0.35 ×  0.48 = ? 

Which of the following would structure this homework assignment to incorporate 
computational thinking? 

a. Change the questions so that they provide students with some 
additional context. 

b. Encourage students to organize their multiplication using vertical 
form and show all their work to help them find and correct any 
errors. 

c. Allow time the next day for students to compare answers and 
discuss any differences. 

d. Either b or c. 

17. A teacher is beginning a unit on using variables and equations to represent mathematical 
scenarios. Students are coming up with equations to solve that represent word problems 
using addition, subtraction, multiplication, or division. As an example, the teacher plans to 
show the following word problem and equation: 

Scenario: The track team has to run 25 miles to train before the season starts. 
So far, they have run 10 miles. How much farther do they have to run? 

Equation: 10 𝑚𝑚𝑚𝑚 +  𝑥𝑥 𝑚𝑚𝑚𝑚 =  25 𝑚𝑚𝑚𝑚  

Which of the following structures this lesson to incorporate computational thinking? 
a. Suggest that students solve their equation and then use the 

inverse operation to determine whether the result they get makes 
the equation true. 

b. Encourage students to always put the variable on the left side of 
the equal sign and the total on the right side. 

c. Challenge students to use more than one operation in a single 
equation. 

d. Have students pick numbers to substitute for 𝑥𝑥 to see what 
number makes the equation true.
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18. On a recent quiz on finding the mean and median, the teacher noticed that almost every 
student took a similar approach to question 3: 

3) Find the mean and median weight (in lbs) of the high school football team 
from the list below. 

110 lbs, 125 lbs, 140 lbs, 97 lbs, 155 lbs, 160 lbs, 173 lbs, 120 lbs, 135 lbs, 114 bs. 

97 lbs, 110 lbs, 114 lbs, 120 lbs, 125 lbs, 135 lbs, 140 lbs, 155 lbs, 160 lbs, 173 lbs 

Mean = 26 lbs, Median = 130 lbs 

The correct mean is 132.9 lbs. The students know that their answer for the mean is too low, 
but they aren’t sure what went wrong.  

Which of the following prompts students to use computational thinking to catch their 
mistake? 

a. Give students another quiz, with additional problems only on 
calculating the mean. 

b. Ask students to discuss which steps in calculating the mean might 
result in an answer that is too high or too low.  

c. Have students plot the heights on a chart and then estimate the mean. 
d. Tell students that when there is a high outlier, the mean is always 

higher than the median.
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19. The teacher is teaching a lesson on unit rate. They noticed one student used the approach 
below to solve the following word problem:  

If Dave’s car can go 98 miles on 3.8 gallons of gas, how far can it go on one 
gallon of gas? 

The correct answer is 25.8 miles.  
98 𝑚𝑚𝑚𝑚
3.8 𝑔𝑔𝑔𝑔𝑔𝑔

= 𝑥𝑥 𝑚𝑚𝑚𝑚𝑔𝑔𝑚𝑚𝑚𝑚
1 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

 

3.8𝑥𝑥
3.8

= 98
3.8

 

𝑥𝑥 = 2.6 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 

Which of the following prompts the student to use computational thinking to revise their 
solution? 

a. Suggest that the student first use simpler numbers like 100 and 4 to re-
check their solution steps.   

b. Have the student go back through the steps for solving equivalent 
fractions with cross multiplication.  

c. Tell the student that cars usually go farther than 2.6 miles on a gallon of gas.  
d. Point out to the student that 2.6 times 3.8 is only 9.88. 

 
20. Students are collecting data about the height of students in the different sixth-grade 

classes. One student has the following on their paper for a class: 

𝑆𝑆𝑆𝑆𝑆𝑆 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠′ℎ𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑡𝑡𝑡𝑡 = 1,368 𝑖𝑖𝑖𝑖. 

𝐴𝐴𝐴𝐴𝑚𝑚𝐴𝐴𝑎𝑎𝑒𝑒𝑚𝑚 ℎ𝑚𝑚𝑚𝑚𝑒𝑒ℎ𝑠𝑠 =  1,368 𝑚𝑚𝑔𝑔.
12 𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠𝑚𝑚𝑔𝑔𝑠𝑠𝑚𝑚

= 114 𝑚𝑚𝑛𝑛. 

114 𝑚𝑚𝑛𝑛. =  1 𝑓𝑓𝑠𝑠.
12 𝑚𝑚𝑔𝑔.

= 9.5 𝑜𝑜𝑠𝑠. 

They know that answer can’t be right because it is too high. They think that something 
must be wrong in the sum of all students’ heights, so they went back to their original 
measurements to check for errors. 

Which of the following highlights the student’s use of computational thinking in their 
solution? 

a. Ask the student to explain to the class the steps they took to 
identify the source of their error. 

b. Point out how the student kept track of their units by writing them 
in their equations. 

c. Ask the student whether they think the source of the error could be 
related to which term they put in the numerator or denominator. 

d. Point out how the student could have also used a graph to visualize 
the data.
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21. * A teacher is getting ready to begin a lesson on multiplying and dividing with percentages. 
The first three items for an exit ticket for the lesson are below:  

1) A pair of shoes originally cost $55.50 but are marked as 20 
percent off. What is the final price? 

2) The price of a new bike is $240 but is now on sale for 15 percent 
off. What would the bike now cost? 

3) A backpack costs $45 after a 12 percent off sale was applied. How 
much was the backpack originally? 

Which of the following would structure the exit ticket to incorporate computational 
thinking? 

a. After the exit ticket, read the correct answers and have students 
score each other’s work. 

b. Make sure students show work for any multiplication they do. 
c. Have the class represent each word problem as an equation, and 

use variables to represent the unknown information. 
d. Have the class write their own word problems using prices for 

items that they want to buy, and calculate how much they would 
be if they were 12 percent off. 

22. * Students are doing an activity where they are calculating and comparing the cost of two 
cell phone plans depending on how much data they use. A goal of the lesson is to come up 
with a general rule that can help anyone pick the least expensive plan. Students are given 
the following information: 

Plan A costs $35.50 per month and then $0.05 per megabyte of data. 

Plan B costs $20.00 per month and then $0.25 per megabyte of data. 

Plan C costs $49.99 per month and has unlimited data. 

Which of the following structures the activity to incorporate computational thinking? 
a. Have students look up the amount of data they used last month 

and use that to calculate the cost of each plan. 
b. Have students discuss which parts of the cost should be 

represented using a variable. 
c. Have students create a table or graph of each plan, and use that 

to write an equation for any amount of data usage. 
d. Either b or c.  
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23. * Students are working in pairs to come up with the greatest common factor of 36 and 120. 
They are not sure how to get started, and ask the teacher for help. The first student 
suggests the following method: 

Student A: “We could find the prime factors of each, and then multiply the 
common prime factors together to get the greatest common factor.” 

The other students replies: 

Student B: “Let’s just list all the factors for each number, circle all the ones they 
have in common, and then our answer is the biggest one” 

Which of the following prompts students to use computational thinking in this scenario? 
a. Tell student B to show student A why their method will not work. 
b. Have students race to see which one gets to the correct answer 

faster. 
c. Show students a third method using a Venn diagram. 
d. Have students write out the steps to their method and have the 

other student try it out. 

24. * Students are working together on finding the area of different shapes. Their teacher 
comes to a table where two students are discussing how to calculate the area of the 
rectangle shown below.  

x y 

2 

Student A says, “I think you have to multiply first to find the area of each part 
and then add them together.”  

Student B says “No, you have to add them together first, and then multiply 
by 2.”  

Which of the following prompts students to use computational thinking in this scenario? 
a. Tell students that their equations are the same. 
b. Remind students that they should always multiply before they 

add. 
c. Have each student write an equation for their methods, and 

compare them. 
d. Point out to students that x and y are not the same size.  
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25. * A student is working on the following word problem about ratios: 

A restaurant makes 5 hot dogs for every 3 hamburgers it makes. If the 
restaurant has made 150 hamburgers, how many hot dogs has it made? 

The student has the following written down on their paper: 
1) First, write the ratio. 

𝐻𝐻𝑔𝑔𝑠𝑠 𝑠𝑠𝑔𝑔𝑔𝑔𝑚𝑚
𝐻𝐻𝑔𝑔𝑚𝑚𝐻𝐻𝑠𝑠𝐻𝐻𝑔𝑔𝑚𝑚𝐻𝐻𝑚𝑚

= 5
3
 

2) Then, make an equivalent ratio using the actual numbers you 
know were made. 

𝐻𝐻𝑔𝑔𝑠𝑠 𝑠𝑠𝑔𝑔𝑔𝑔𝑚𝑚
𝐻𝐻𝑔𝑔𝑚𝑚𝐻𝐻𝑠𝑠𝐻𝐻𝑔𝑔𝑚𝑚𝐻𝐻𝑚𝑚

= 5
3

= ?
150

 

3) Finally, multiply the unknown number by whatever number it 
took to make the actual number. 

𝐻𝐻𝑔𝑔𝑠𝑠 𝑠𝑠𝑔𝑔𝑔𝑔𝑚𝑚
𝐻𝐻𝑔𝑔𝑚𝑚𝐻𝐻𝑠𝑠𝐻𝐻𝑔𝑔𝑚𝑚𝐻𝐻𝑚𝑚

= 5 × 50
3 × 50

= 250
150

 

Which of the following highlights the student’s use of computational thinking in their 
solution? 

a. “It was great how you used your math vocabulary like equivalent ratios in your 
explanation.” 

b. “It was really useful how you clearly showed each step you took to solve the 
problem.” 

c. “Can you explain to me the difference between ratios and fractions?” 
d. “Can you tell me more about what you did in step 3?”
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Demographics section 

This final set of questions asks you for some basic demographic information to help us better 
understand your responses. 

What grade level are you currently teaching? Select all that apply. 
 Grade 6 
 Grade 7 
 Grade 8 
 Other grade level 

What current state certifications/qualifications do you hold? Select all that apply. 
 Traditional certification 
 Emergency certification 
 Teach For America 
 Alternative certification 
 Other (please specify) 

What is the highest level of education you have completed? 
 Bachelor’s degree 
 Some graduate coursework (no master’s degree) 
 Master’s degree 
 Doctorate or professional degree 
 Other (please specify)  ____________________________________________________________________  

How many years of paid experience do you have teaching? Round to the nearest year. ______ 
How many years of paid experience do you have teaching grade 6–8 math (including this 
year)? ______ 
How many years of paid experience do you have teaching computer science (including this 
year)? _____ 
Select all that apply. I identify as: 

 Asian 
 Black/African American 
 Hispanic/Latine/Latinx 
 Native American 
 Native Hawaiian/Pacific Islander 
 White 
 I prefer not to answer.  

Select all that apply. I identify as: 
 Female  
 Male 
 Transgender, nonbinary, or another gender
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ANSWER KEY 
Item Correct 

response 
1 D 
2 B 
3 B 
4 B 
5 B 
6 C 
7 A 
8 B 
9 C 
10 B 
11 D 
12 B 
13 C 
14 D 
15 A 
16 D 
17 A 
18 B 
19 A 
20 A 
21 C 
22 D 
23 D 
24 C 
25 B 
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Appendix C. Cognitive interview protocol for Computational Thinking Pedagogical 
Content Knowledge Survey development 

Interviewer instructions: The following scripts should NOT be read verbatim. Text in italics is suggested content 
for the interviewer. Text in brackets [ ] presents instructions for the interviewer. 

Step 1. Initial introduction 
Hi! I’m __________________ and I work for the ENACT Partnership with REL Midwest. It’s nice to meet you, and 
thank you so much for agreeing to help us improve our survey. I’ll be facilitating the interview today, and 
my colleague ____ will also be on the call to help make sure we capture all your feedback.  

Our main goals together today are (1) to learn how you understand our survey questions and where they 
may be unclear, and (2) to hear your insights on how our survey questions might be improved. In other 
words, we are not evaluating you or your answers, but rather we are evaluating if the survey is written in 
a way that makes sense, and how the questions prompt you to think as you decide on an answer.  

In just a moment, I’ll share my screen with the survey and ask you to say out loud what you are thinking 
as you read and answer each item. I also may ask you specific questions as we go. Because your answers 
are very important data for us, I may be taking some notes as we talk, and if it is OK with you we will 
audio-record this session to ensure that our notes accurately reflect your responses. This won’t be shared 
anywhere outside our team, and will just be for our internal use to help us improve the survey. Any 
questions? 

[If they agree to audio recording, turn on recording.]  

Can I ask you to state your name and if I have your permission to record?  

Step 2. Practice think-aloud item 
Let’s start with an example, just so you can see what we are looking for. Suppose there was a question on 
the survey that asked, “How often did you talk on your phone or computer in the last week?” For this kind 
of interview, I would think aloud and say: 

Ok, well first I’d think about using the phone for personal calls...I call my mom and dad about 
once a week and we talk for about 1 hour. I also talk to my friends...probably for another 2 hours a 
week, so that’s 3 total. I also use my phone for texting and email, but I don’t really think that’s 
talking on the phone, so I won’t count that. Then at work, I’m on Zoom calls a lot, probably at 
least 3 hours a day on the phone, so that’s 15 hours a week. Last week I also was on a 
teleconference but I didn’t really talk, so I won’t count that. So, I’d say I spent a total of 18 hours on 
the phone last week.  

Notice that more important than my final answer of 18 hours here is explaining what I do count towards 
that total, what I don’t count, and my reasons why.  
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Step 3. Interview 
[Screen share the Word document with the survey, starting with the Introduction.] 

[Describe the format (for example, scenarios with multiple questions tied to each scenario) of the 
questions to teachers.] 

a. Introduction 

[Complete this section with each interviewee.]  

[Have the teacher read the Instructions out loud.]  

- Is the purpose of the survey clear to you? What would you say the purpose of the survey is, in 
your own words? 

- Are the instructions clear about what you are being asked to do? 
- Is there any additional information that you would want to know before starting the survey? 

b. Survey items 

[Start with the first question with the first interviewee. If you are unable to complete all items in a 
single interview, note where you stop, and begin with the next item on the next interview.] 

[For each item, ensure that the respondent is vocalizing their thinking. If they stop thinking aloud, 
prompt them by reminding them that you are very interested in hearing what they are thinking 
about, or use one of the following general probes, as appropriate.] 

General probes 

- Can you tell me in your own words what that question was asking?  
o What does that [term/phrase] in this question mean to you? 

- How easy or hard was it to choose an answer? Why? 
- How did you decide on your answer? 
- [If you pick up on a visual cue like a furrowed brow or a puzzled look]: Tell me what you 

are thinking.  
- [If you pick up on a visual cue (or hear a cue) that indicates confusion, like paper flipping 

or rereading an old question before answering this question]: Tell me what just happened. 
Tell me about what you were just doing.  

Note taking 

[During the interview, be sure to take notes on the respondents’ answers, particularly with regard to 
the following.] 

- Things the respondent is saying to themselves. 
- Any questions the respondent asks. 
- Any unfamiliarity with the concepts as posed in the items. 
- Specific comments about the mathematics in the vignettes. 
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- Specific comments about the wording of the prompts. 
- Points where the respondent pauses extensively or seems confused (note any specific 

words or language that seemed confusing in the survey text). 

[The person not providing the prompts should take these notes either directly on a draft of the 
survey or using the suggested template below. The important part here is to capture the feedback 
and the item to aid in making later revisions.] 

Suggested note-taking template 

Item Issue (for example, 
comprehension, 
decisionmaking, other) 

Notes 

#Ex. Decisionmaking Felt that responses (a) and (c) were the same. 

Step 4. Wrap-up 
Is there anything else you would like to tell me about this survey that you haven’t had a chance to mention 
yet? 

Did you find the information about computational thinking in the introduction to the survey useful? Why 
or why not? 

[If no] Thank you so much for your help. The information you’ve provided is going to be very helpful for 
making this survey better. 

Step 5. Post-interview steps 
Complete the following within 24 hours of finishing the interview: 

- To help prioritize, rate items from 1 to 3 (where 3 is most problematic). 
- Indicate if the problem with a specific item was one of the following: 

o Comprehension (for example, wording, phrasing, unable to understand the 
question).  

o Decisionmaking (for example, participant understood the question but was unable 
to select an appropriate answer).  

o Other (describe). 
- Write an overall summary of the respondent’s reactions to the survey: 

o Which key words and phrases seemed confusing (if any) and why?  
o Did they understand the purpose of the survey?  
o Did they need additional information to answer the questions?  
o Did they have any problems with the format of the survey? 
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