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The purpose of the paper is to provide comparability evidence of different forms of Performance-

based task aimed at measuring critical thinking skill. PBT “Aquarium” include three texts with 

the same key-sentences, but additional (non-key) sentences are vary. For the psychometric 

analysis, we consider three texts as three forms of the same task. Additional sentences and 

characteristics of the interface are considered as test context. To check the comparability of the 

forms we use classical equating methods and DIF-analysis. Moreover, we cross-validate the 

results using item response theory modeling (IRT).  

Nowadays performance-based tasks (PBTs) are broadly used in educational assessment 

(de Klerk, 2016). PBTs in computerized form significantly contribute to the assessment of 21st 

century skills. Shute et al, 2016 developed competency model for measuring problem-solving 

skills via video game. Another game, Newton’s Playground, was designed to assess Newtonian 

mechanics as well as creative skills (Almond et al, 2014). Computerized PBTs model wide range 

of real-life situations, such as conducting a science investigation, searching information on 

websites or preparing a research paper. Examinees control assessment interface, therefore, 

different examinees may face different context. However, in order to ensure the fairness of the 

assessment students’ responses must be comparable regardless of context they’ve chosen.  

The purpose of the paper is to provide comparability evidence of the scenario-based 

assessment with respect to different test context.  

Following Evidence-Centered Design (Mislevy, Almond & Lukas, 2003) we’ve developed 

PBT aimed at measuring 21
st
 century skills: creativity and critical thinking. In one task students 

are asked to find information on how to make an aquarium for crabs. Figure 1 shows the 

screenshots of links and texts used in the task. Examinees are presented with simulated browser 

environment with hyperlinks and websites where their critical thinking behavior could be 

observed. They are asked to choose one link to find information about aquarium: encyclopedia, 

recommendations, or forum. Figure 1 shows the screenshots of links and texts used in the task. 

All texts have the same key sentences, but additional (non-key) sentences and the characteristics 

of the interface vary. For example, forum text is divided into multiple messages, while in the 

encyclopedia and recommendation texts the whole article is presented. In this work additional 

sentences and characteristics of the interface are considered as test context.  

Each text in the task contains around twenty sentences including nine key sentences 

aimed to measure critical thinking skill (task-relevant sentences). During the task, test-takers 

highline sentences within the text they’ve chosen using computer mouse. For highlighting key 

sentence, student gets one point. So, all items are dichotomously scored. Overall, maximum 9 

points are awarded for the task.  

The sample consists of 968 Russian four-grade students (9-11 year-olds). 
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Fig. 1. Screenshots of the texts used in the Aquarium PBT. 
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For the psychometric analysis, we consider three texts as three forms of the same task. 

Thus, the comparability of these forms could be evaluated with respect to different test context.   

Firstly, to prove the comparability of scores across these forms we use classical equating 

methods.  

Linear equating stands that score distributions should be the same besides difference in 

means and standard deviations. In case of equal standard deviations mean equating is preferred. 

To determine whether means and standard deviations are the same across test forms two non-

parametric criteria were used: Mann-Whitney U-test for equality of means and Kruskal-

Wallis test for equality of standard deviations. Moreover, Chi-square test was conducted to test 

uniformity hypothesis.   

The equipercentile procedure for equating is based on the equity of percentile ranks 

among score distributions of different test forms. Unlike linear equating, equipercentile equating 

has no assumption about test form distribution (Kolen, 1988). Muraki discourage the use of 

equipercentile equating as equating method for performance assessment because of limited 

number of items (Muraki et al, 2000). In the particular case PBTs can be composed of one or 

two scored responses, so it is almost impossible to equate them. However, in the case of nine 

scored responses equipercentile equating is appropriate. In our study we can use this classical 

method of equating without constrains.  

To check the comparability percentile-rank score curve is created for all test forms based 

on percentile ranks determined for each number-correct score. In the paper, for three texts 

percentile-rank score curves were created and compared to each other.  

Secondly, in order to test the hypothesis that the probability of selecting the key sentences 

depends on the characteristics of context and ability level, we use differential item functioning 

(DIF) analysis. DIF-analysis is generally known as a key component in the evaluation of the 

fairness of educational tests (Zwick et al, 1999). DIF occurs if two subgroups have different 

probabilities of getting a dichotomously scored item correct.  

To provide comparability evidence of test forms, it is necessary to make sure that no DIF 

detected in each item in the test. In our case it means that subgroups of test-takers chosen 

different links have the same probability of highlighting key sentences in the text regardless test 

context. Two methods for DIF detection were used: Mantel–Haenszel chi-square test (Mantel & 

Haenszel, 1959) and logistic regression modeling (DIF-analysis; Zumbo,1999). The first was 

applied to investigate the presence of uniform DIF, the latter – the presence both uniform and 

non-iniform DIF. Size effect was estimated with the Mantel-Haenszel delta difference statistic 

(Zwick, 2012) and R-square delta difference statistic (Jodoin, M. G., & Gierl, M. J, 2001). 

All calculations mentioned above were made using MS Excel and SPSS. 

Additionally, to assess DIF in test items we use item response theory modeling (IRT). 

The analysis was conducted using Winsteps software. 

 Figure 2 represents the distributions of scores for three test forms. Form 1 encyclopedia 

(N=595), Form 2 recommendations (N=256), Form 3 forum (N=117).  

 

 
Fig. 2. Score distributions for test Forms. (A) Form 1; (B) Form 2; (C) Form 3. 
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The data is not normally distributed. Thus, to test hypotheses whether mean and standard 

deviations are the same across all forms, nonparametric methods are most valid. 

Table 1 summarizes values of means and standard deviations for all test forms. As can be 

seen in the table, Form 1 has greater mean and standard deviation compare to other forms. The 

values of Form 2 and Form 3 are similar. The results also show significant difference (ρ <0,05) 

in means between scores from Form 1 and others with the Mann Whitney U test. The mean 

difference between Form 2 and Form 3 are not significant (p>0,05). Kruskal-Wallis test detect 

the difference in standard deviations (ρ <0). Moreover, we accept uniformity hypothesis for 

Form 2 and Form 3 (Chi-square, ρ =0,641). 

 

Table 1 
 

Descriptive statistics of Forms 

 Form 1 Form 2 Form 3 

Mean 4.65 3.56 3.25 

St. Dev 3.87 2.85 2.76 

Thus, we can conclude that Form 2 and 3 are very similar in mean and standard deviation 

values. This is confirmed by nonparametric statistical methods. However, Form 1 is different 

from other forms. That is why we cannot consider all Forms as comparable.  

To collect more evidence for comparability of test scores across Forms 1 to 3, equating 

was conducted using CCT methods. Figure 3 illustrates the results from mean and linear 

equating for three Forms in pairs. Red line represents the data, green line and blue line represent 

linear and mean equating results. From the Figure 3, it is gathered that Form 1 is easier than 

Form 2 and Form 3. In addition, Form 2 and Form 3 are quite similar in their difficulties.  

 

 
Fig. 3. Linear and mean equating results. (A) Form 1 and Form 2; (B) Form 1 and Form 3; (C) 

Form 2 and Form 3. 

 

The equipercentile equating results are consistent with the previous findings. The 

percentile-rank score curves for all Forms are showed in Figure 4. Form 1 is represented by the 

blue line, Form 2 – by the yellow line and Form 3 – by the red line. To conduct equipercentile 

equating we should compare scores across forms with a fixed value of percentile-rank score. At 

70 percentile-rank score a Form 1 score of 7 corresponds to a Form 3 score of 4 (Figure 4-b) and 

to a Form 2 score of 5 (Figure 4-a). This is the evidence of Form 1 being easier than Form 2 and  
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Form 3. In addition, Form 2 scores are very close to Form 3 scores through all sum scores 

(measure values).  

 
Fig. 4.  Equipercentile equating results. (A) Form 1 and Form 2; (B) Form 1 and Form 3; (C) 

Form 2 and Form 3. 

In general, CTT equating methods show that Form 2 and Form 3 are quite comparable to 

each other. In contrast, Form 1 is easier than other Forms. For the latter analysis we decided to 

combine Form 2 and Form 3 data together to one Form. Thus, DIF-analysis were conducted 

using two Forms (Form 1 and united Form 2 and 3 as new Form 2). 

Table 2 presents the results of the Mantel–Haenszel chi-square test and its size effect. 

Here test score for 9 items is used as the proxy for the latent trait being measured. Furthermore, 

we add three more items aimed at measuring critical thinking to expand test score (11 items). 

 

Table 2 
 

Mantel–Haenszel chi-square test results 

 9 items 11 items 

Sentence ρ (M-H) 
Effect size 

–2.35lnα 
ρ (M-H) 

Effect size 

–2.35lnα 

1 0,285 -0.731 0.136 0.771 

2 0,236 0.545 0.011 1.06 
3 0,285 0.674 0.001 1.802 
4 0,188 -0.75 0.806 -0.179 

5 0,042 -1.147 0.282 -0.613 

6 0,372 0.551 0.163 0.736 

7 0,127 0.879 0.028 1.201 
8 0,831 0.165 0.385 0.503 

9 0,321 -0.578 0.981 -0.068 

 

As shown in Table 2, there is no relationship between Form and item response, after 

matching on the total 9-item test score. Sentence 5 is the only exception, but based on the ETS 

recommendations (Zwick, 2012), effect size less than 1 is not a problem. However, results after 

matching the total 11-item score differ, The Mantel–Haenszel test p-value in Sentence 2, 3 and 7 

resulting in the decision to reject the null hypothesis. There is an evidence that the probability of 

selecting the key sentences depends on the Form being presented and, therefore, on the context.  

In order to check the results, move on to the next detecting DIF method – logistic 

regression modeling. The logistic regression procedure includes item response (1 – highline key 
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sentence, 0 – no) as the depended variable, grouping variable (1 – Form 1, 0 – Form 2) and total 

scale score (test score as a measure of critical thinking ability) as independent variable. 

Moreover, a Form by total score interaction is used as an independent variable. Overall, three 

logistic regressions were built by adding independent variables step by step for 9-item test and 

another three for 11-item test including additional items measuring critical thinking in total 

score. The results are presented in Table 3 and Table 4.  

 

Table 3 
 

Uniform and nonuniform DIF for 9-item test 

 Uniform DIF Nonuniform DIF 

Sentence ρ (Chi-square)     ρ (Chi-square)     

1 0,551 0.001 0,421 0 

2 0,013 0.005 0,255 0.002 

3 0,058 0.002 0,291 0.001 

4 0,189 0.001 0,586 0 

5 0,033 0.003 0,282 0.001 

6 0,259 0.001 0,611 0 

7 0,062 0.002 0,194 0.001 

8 0,485 0 0,496 0 

9 0,353 0.001 0,700 0 

 

 First, we test the models for uniform and nonuniform DIF separately using Chi-square 

statistic. Based on the Table 3 we can conclude that there is a statistically significant test for 

uniform DIF for Sentence 2 and 5. However, these sentences demonstrate small size effect and, 

thus, negligible uniform DIF (based on Zumbo, 1999 guidelines for interpreting R-square delta 

difference statistic for detecting DIF). There is no nonuniform DIF detected in each sentence.   

 Second, we repeat these steps for logistic models with expand total score. The results are 

presented in Table 4.  

 

Table 4 
 

Uniform and nonuniform DIF for 11-item test 

 Uniform DIF Nonuniform DIF 

Sentence ρ (Chi-square)     ρ (Chi-square)     

1 0.045 0.004 0.888 0 

2 0.001 0.01 0.096 0.003 

3 0.002 0.007 0.874 0 

4 0.565 0 0.726 0.001 

5 0.164 0.002 0.288 0 

6 0.095 0.002 0.295 0 

7 0.016 0.004 0.101 0.002 

8 0.152 0.001 0.136 0.002 

9 0.883 0 0.997 0 

 

As it shown in the Table, there is a statistically significant but negligible uniform DIF in 

Sentences 1 to 3. Delta R-square values are too small to detect moderate DIF. We can conclude 

that neither uniform nor nonuniform DIF detected in the test with expand total score.  
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Overall, each key sentence demonstrates no DIF in case of original and expand test score. 

The probability of selecting the key sentences does not depends on ability level and the context 

of the Forms. This is the evidence for their comparability.  

Additionally, we cross-validate the results with item response theory modeling (IRT) 

using Winsteps software. The analysis indicates unexpected response pattern in our data. 46 

students with largest outfit values were deleted. Moreover, in order to increase the fit, item 10 

(additional item) was also deleted. We’ve reanalyzed the data after deleting persons and item. 

The results show that all items share the same dimension, therefore the test might be considered 

as unidimensional. The first contrast has eigenvalue of 1.9 with its threshold value equal 2.0. The 

test demonstrates moderate fit with reliability value of 0.75. Cronbach alpha reliability value is 

0.84.  

The data with 9 items were analyzed separately. The original test also might be 

considered as unidimensional based on eigenvalue less than 2.0. The reliability value for the 

original test is slightly smaller than for test with extra items, but still moderate (0.65). The 

average INFIT statistics for all sentences around 1.0 indicate a little distortion of the 

measurement.  

The presence of DIF in each item could be indicated by DIF Contrast (effect size) and 

DIF Statistical Significance. Figure 5 displays the results. Form 1 is represented by 1, Form 2 by 

0.  

The value of DIF Contrast more than 0,7 logits demonstrates moderate to large DIF 

(Zwick et al, 1999). In our case DIF contrast of the item 2 is around 0,7. However, we conclude 

that there is not a problem. This is the final evidence of comparability of test Forms.  

 

 
Fig. 4.  DIF-Size for test items 

In this paper we provide comparability evidence of the Forms from computerized 

scenario-based task. Each Form represents the text with identical key sentences, but different test 

context. The CCT equating methods were conducted first. The results show that two out of three 

Forms are quite comparable. However, Form 1 is easier than others. On the next step we use 

DIF-analysis to test the relationship between Form and the probability of item response. During 

the analysis we add three more items aimed at measuring critical thinking skill to expand total 

score which represents ability level. Despite some items show statistically significant presence of 

DIF, size effect is negligible. Thus, we made a conclusion that the probability of selecting key-

sentence does not depend on non-key sentences or characteristics of the interface provided by 
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different Forms. In order to confirm our conclusions, we made additional analysis with item 

response theory modeling (IRT).  

The current study does not consider the issue of local item dependence, one of the most 

important cause for concern in performance-based tasks. We realize that test context could be a 

source of local dependence between the sentences in the texts and therefore become a second 

dimension. To test this hypothesis multidimensional methods should be applied to the data. This 

is a basis for further research.  
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