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This article discusses the problem of task comparability with the help of 
scenario-based tasks for metacognitive skills. Using the data of “4С” tool for 
measuring critical thinking (N=500), the comparability of two scenarios within 
an identical digital environment with one set of indicators was investigated. 
The main difference in the scenarios lies in the contextual characteristics. 
The measurement invariance analysis of the instrument using confirmatory 
factor analysis was conducted. The results show that even with the equiva-
lent construct structure and tasks’ characteristics, the context of the scenario 
has an effect on the student`’s performance. The main differences in results 
were recorded for tasks involving interaction with the environment, where the 
test-taker created an object with elements. Tasks involving working with text 
in a digital environment can be considered comparable in case of elements 
content change. The possible reasons behind the observed differences in 
scenarios are discussed.
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Introduction
Assessment of complex constructs is a 

new trend in educational testing. An exam-
ple of such a construct is critical thinking, 
which is referred to as meta-subject skill. 
However, it is difficult to measure meta-
subject skills with traditional item types, 
such as multiple-choice items. Scenario-
based tasks in the digital environment have 
great potential to solve this problem.

Scenario-based tasks resemble a 
computer game in which a student is 
faced with a situation where he needs 
to solve a number of problems. The stu-
dent’s actions during the test are consid-
ered observable evidence of the mea-
sured skill — indicators. Scenario-based 
tasks demonstrated students’ behavior 
that they are likely to perform in similar 
situations in real life, which is especially 
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Представлены данные исследования сопоставимости измерения мета-
предметных навыков с помощью сценарных заданий. На данных инстру-
мента «4К» для измерения критического мышления (N=500) исследована 
сопоставимость двух вариантов сценариев внутри идентичной цифровой 
среды, с одним набором индикаторов. Отмечается, что основное разли-
чие в сценариях заложено в контекстных элементах. Проведен анализ 
инвариантности инструмента по вариантам с использованием метода 
конфирматорного факторного анализа. Установлено, что при эквива-
лентных характеристиках заданий контекст сценария оказывает эффект 
на результаты. Различия в оценках зафиксированы для задач, предпо-
лагающих более свободное взаимодействие со средой, где тестируемый 
самостоятельно собирает объект из предложенных элементов. Задания, 
включающие работу с текстом в цифровой среде, могут считаться сопо-
ставимыми при изменении элементов контекста. Обсуждаются возмож-
ные причины, стоящие за различием в оценках по вариантам сценариев.
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important in the assessment of meta-
subject skills [7].

In practice, the use of scenario-based tasks 
faces many challenges. Among them are low 
reliability, a small number of tasks, and weak 
correlation with alternative measurements. In 
general, the problem with a comparability of 
measurements is typical for tasks with a focus 
on the process and product (performance-
based tasks): scenario-based tasks, essays, 
experiments, etc. [6]. Previous attempts to 
create comparable experiments were unsuc-
cessful, despite the fact that researchers use 
the same design principles [17].

 The first step in the development of a 
new scenario is the selection of a suitable 
context. The context is a set of task charac-
teristics that defines the situation where the 
test-taker will be able to demonstrate the de-
sired skills. The degree of correspondence 
between the context of scenario-based 
tasks to each other is directly related to the 
degree of their comparability. However, the 
comparability of tasks with context is an un-
derdeveloped area of research [6].

The purpose of this article is to analyze 
the comparability of scenario-based task 
forms aimed at measuring critical thinking. 
Scenario forms contain the same number 
of indicators and are implemented in an 
identical digital environment, but differ in 
contextual elements.

The article is structured as follows: 
in the first part, previous studies of tasks 
with context are considered, as well as 
the methods that are used to analyze the 
comparability of test forms; the second 
part presents the results of the analysis of 
the comparability of scenario-based task 
forms. The article ends with a discussion 
of the results, limitations, and further direc-
tions of the study.

Literature Review 
of Contextualized Tasks

 The concept of context and its relation-
ship with the psychometric characteristics 

of tasks and test results is studied on the 
example of questionnaires, essays, as well 
as game-based, and scenario-based tasks.

In a study of personality questionnaires, 
it was shown that clarification of the context 
leads to an improvement in psychometric 
characteristics by reducing the number of 
interpretations of statements [14].

For essays, the comparability of the 
tasks with various topics and stimulus ma-
terials in the format of pictures was ana-
lyzed [9].

In the field of computer games, research 
on the role of the interface on test results 
was carried out. For example, in [15] it was 
found that the choice of a character was 
associated with the behavior of the test-
taker within the game environment.

The idea of ​​the context of the virtual 
world as a stimulus for creative solutions 
was studied in [10]. In the study, test-takers 
“immersed themselves” in different virtual 
worlds using virtual reality helmets, and 
then drew a non-existent animal. The ideas 
of these drawings differed significantly de-
pending on the context presented.

On the example of PISA tasks in sci-
ence, the characteristics of the context (the 
degree of abstractness, the purpose of the 
context, etc.) and their relationship with stu-
dents’ achievements were studied [13].

The use of tasks with context is a prom-
ising approach for measuring complex 
skills. At the same time, the context can be 
considered as a factor that affects the char-
acteristics of tasks and test results. A range 
of methods used for comparability analysis 
will be discussed in the next section.

Overview of Methods 
for Comparability Analysis

Comparability of test forms is carried 
out by qualitative and quantitative methods 
that can complement each other.

Qualitative methods include the use of 
test design principles and the involvement of 
experts to assess the comparability of items.



60

Грачева Д.А.
Анализ сопоставимости измерения метапредметных навыков в цифровой среде
Психологическая наука и образование. 2022. Т. 27. № 6

Test design principles include the use 
of a test specification to create test forms. 
However, it has been found that open-
ended items created according to the same 
specification are not always comparable [8].

The opinion of experts is used to assess 
at what extent the topic of the task covers 
a general or highly specialized issue [11].

Quantitative methods include the use 
of statistical methods for comparability 
analysis. The choice of statistical method 
depends on the purpose of the study. If the 
purpose of the study is to evaluate differ-
ences between groups, then t-test or ANO-
VA can be used. For the purpose of predict-
ing the results of future tests, regression 
analysis is more suitable, and correlation 
analysis can be considered as a measure 
of the similarity of results across test forms.

However, the process of analyzing the 
comparability of test forms goes beyond 
working with raw test results. To consider 
test forms comparable, it is necessary to 
make sure that they measure the same 
construct, tasks have similar psychometric 
characteristics [3].

Testing of these assumptions is possi-
ble within the methodology of confirmatory 
factor analysis (CFA) or Item Response 
Theory (IRT). For example, CFA was used 
to test the functioning of the tool in different 
modes [16].

In this article, we focus on the applica-
tion of CFA to the analysis of test forms 
comparability. Since data in education is 
often categorical, the case of CFA for ordi-
nal variables is considered. To analyze the 
comparability within the framework of CFA 
the analysis of measurement invariance of 
the instrument is conducted. Comparabil-
ity studies usually consider three levels of 
invariance: configural, metric, and scalar.

At the configural level, the comparabil-
ity of the construct structure in all groups is 
checked [12]. At the metric level, the values ​​
of factor loadings are assumed to be equal 
in all groups. At the scalar level, the equal-

ity of threshold values ​​is tested (in the case 
of a categorical CFA). When the level of 
scalar invariance is reached, it is possible 
to compare the mean values ​​of latent fac-
tors between groups.

Thus, the measurement of complex 
skills requires the use of statistical meth-
ods aimed at studying the structure of the 
test. For example, CFA is such a method. 
Further, this method will be used to ana-
lyze the comparability of scenario-based 
task forms.

Characteristics of the Sample, 
Methods, Data Collection Procedures 

and Strategy of Analysis
Sample
The article uses data from 500 fourth 

grade students who participated in the as-
sessment of 21st century skills in Fall 2020 
as part of the project “4K of the modern 
world. Formation of competencies in the 
21st century and assessment of individual 
progress in their development” with the 
support of the “Investment to the future” 
Charitable Foundation.

Instrument
Critical thinking is assessed using com-

puterized scenario-based tasks from the 
“4C” instrument developed by the staff of 
the Center for Psychometrics and Mea-
surements in Education (HSE University). 
The validity of the tool has been proved in 
multiple test trials [2].

In this work, the comparability of a pair 
of scenarios for measuring critical thinking, 
“Aquarium” and “Тerrarium”, is analyzed. 
According to the conceptual framework 
of the instrument, critical thinking skill in-
cludes two components: 1) “Analysis of 
information” — the skill of working with 
information in accordance with the goals 
and conditions of the task; 2) “Making infer-
ences” — the skill of formulating one’s own 
inference using the results obtained at the 
stage of working with information [2].
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The “Aquarium” task invites test-takers 
to set up an aquarium for crabs. For the 
assessment of ability to work with informa-
tion, a simulation of an Internet browser is 
used in the task, where the text of the arti-
cle is presented (Fig. 1). The text of the ar-
ticle includes both relevant and irrelevant 
sentences. Relevant sentences contain 
information that will be needed to equip an 
aquarium for crabs (for example, “Crabs 
need flagstones to get out of water”). Ir-
relevant sentences contain information 
that is not relevant to the task. For each 

highlighted relevant sentence, 1 point is 
awarded.

Indicators of the ability to make infer-
ences are evaluated in an interactive envi-
ronment (constructor), where the test-taker 
builds an aquarium for the crab from ele-
ments based on information from the text 
(Fig. 2). For each correctly added element, 
1 point is awarded.

In the “Terrarium” scenario, test-takers 
face the same tasks with different content, 
where the main goal is to build a terrarium 
for geckos.

Fig. 1. Stimulus material (text): a — “Aquarium”, b — “Terrarium” 
(in Russian, translation is provided on the example of “Aquarium”)

Fig. 2. Stimulus material (constructor): a — “Aquarium”, b — “Terrarium” 
(in Russian, translation is provided on the example of “Aquarium”)
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The skill “Analysis of information” is 
measured with 14 dichotomous indicators, 
the skill “Making inferences” with 10 indica-
tors (8 dichotomous and 2 polytomous from 
0 to 2 points).

Procedure
Testing sessions took place in schools 

in the presence of a testing administrator. 
Each participant was provided with a com-
puter with Internet access. At the start of a 
test session, administrators opened the test 
website on computers and give individual 
logins to students to log into the system. 
All instructions and tasks were presented 
in computer format.

In the research we used a balanced 
design, in which both scenarios were per-
formed by the same test takers. The sam-
ple was randomly divided into two groups. 
The first group took the “Aquarium” task 
first, and then the “Terrarium” task, the sec-
ond group completed the tasks in the re-
verse order. This design made it possible to 
control the effect of the order on the results 
of the comparability analysis. The break 
between testing sessions ranged from one 
day to a week.

Strategy of analysis
The study of the comparability of sce-

nario-based tasks forms was carried out 
using CFA. The analysis included two stag-
es. At the first stage, the structural model of 
critical thinking was proposed, which was 
separately tested for scenario forms. At the 
second stage, the measurement invariance 
of the general model was tested for two 
scenarios.

The weighted least squares method 
(WLSMV) was used as a parameter estima-
tion method, which is most suitable for ordi-
nal and binary data. The quality of the mod-
els was assessed by the following indices: 
CFI>0.90; TLI>0.90; RMSEA<0.05 [12].

The invariance was tested by sequen-
tial comparison of three models (configural, 

metric, scalar). The difference between the 
fit statistics (∆CFI within 0.01, ∆RMSEA 
within 0.015 to confirm invariance) was 
taken as a comparison criterion [4]. When 
scalar invariance is achieved, it is possible 
to compare the mean values of the latent 
factors of different groups, where the mean 
values of the factors for one group are 
equal to zero, and for the other group are 
freely estimated.

The critical thinking model contains 
two main related factors — “Analysis” and 
“Inference”. The model also includes ad-
ditional orthogonal factors of the stimulus 
material, which take into account the com-
mon source of variance between groups 
of indicators related to working with text or 
constructor.

The analysis was carried out in the Mp-
lus program, version 8.3.

Results
The average score for the ability to ana-

lyze information is 5.56 points (sd 3.83) for 
the “Aquarium” scenario and 5.29 points 
(sd 3.85) for the “Terrarium” scenario. The 
average score for the ability to make infer-
ences for the “Aquarium” scenario is 8.2 
points (sd 2.72), for the “Terrarium” scenar-
io — 8.25 points (sd 2.67). There were no 
statistically significant differences between 
the mean values for both the ability to ana-
lyze information (t(998)=1.11, p>0.05) and 
the ability to make inferences (t(998)=-
0.29, p>0.05).

Separate models for “Aquarium” 
(χ2(240)=387.691*, p<0.000; CFI=0.979; 
TLI=0.976; RMSEA=0.035. 90% CI 
(0.029;0.041)) and “Terrarium” scenarios 
(χ2(240)=398.031*, p<0.000; CFI=0.980; 
TLI=0.977; RMSEA=0.036, 90% CI (0.030; 
0.043)) showed good fit with the data. On 
Fig. 3—4 CFA model and standardized fac-
tor loadings for the “Aquarium” and “Ter-
rarium” scenarios are shown.

The results of measurement invariance 
testing are presented in Table 1. The val-
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ues of fit statistics for the three models are 
similar, which makes it possible to assume 
that the scalar invariance is proved. The 

structure of critical thinking is reproduced in 
different scenarios, the psychometric char-
acteristics of the indicators do not differ.

Fig. 3. CFA model (“Aquarium”): all parameters of the model are significant p<0.05

Fig. 4. CFA model (“Terrarium”): all parameters of the model are significant p<0.05

Table 1
Results of measurement invariance testing

Model χ² (df) RMSEA CFI TLI

Configural 785.743*
(480)

0.036
(90% CI 0.031; 0.040)

0.979 0.976

Metric 835.083*
(511)

0.036
(90% CI 0.031; 0.040)

0.978 0.976

Scalar 915.226*
(532)

0.038
(90% CI 0.034; 0.042)

0.974 0.973

Note: * p<0.05.
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After checking the levels of invariance 
and achieving scalar invariance, it is pos-
sible to compare the mean values of latent 
factors for tasks “Aquarium” and “Terrari-
um” (Table 2).

The mean values for the “Analysis” fac-
tor did not differ significantly by task forms. 
That is, on average, the score for the ability 
to analyze information can be considered 
interchangeable in two scenarios when 
the characteristics of the scenario context 
change. There were also no significant dif-
ferences in the mean values of the “Text” 
factor.

Nevertheless, a significant difference in 
the mean values for the “Inference” factor is 
evidence that indicators related to the abil-
ity to make inferences are easier in “Ter-
rarium” than in “Aquarium” scenario. The 
differences are preserved in the construc-
tor factor.

A meaningful interpretation of the fac-
tors of the stimulus material is often diffi-
cult. However, the results obtained allow 
us to say that the results of students dif-
fer significantly in the part of the scenario 
where they need to demonstrate the ability 
to make inferences through working with 
elements in the constructor.

Discussion
Complex constructs require new mea-

surement approaches. One of the ap-
proaches is the use of scenario-based 
tasks in the digital environment. At the 
same time, for scenario tasks, the risk of 

obtaining incomparable results is more pro-
nounced [6].

One threat to comparability is scenario 
context. In this article, we used the “Aquar-
ium” and “Terrarium” scenarios for mea-
suring critical thinking, which contained 
the same set of indicators, but differed in 
contextual characteristics. The analysis 
of measurement invariance showed that 
changing the context does not change the 
theoretical structure of the instrument, and 
the psychometric characteristics of the in-
dicators did not differ significantly by task 
forms.

The results of comparing the mean 
latent factors showed that the test-takers 
receive lower scores for the ability to make 
inferences in the “Aquarium” scenario than 
in the “Terrarium”, while scores for the abil-
ity to analyze information do not differ by 
forms.

Due to the data collection design, which 
respected the random order of forms, we 
can assume that the differences in the re-
sults are not due to the effect of learning in 
solving similar problems, but due to differ-
ences in contextual elements.

Previous research has shown that task 
context can have an effect on test results. 
For example, a familiar context can give an 
advantage in solving problems [5]. In the 
study of creativity, the context of the “virtual 
world” was manifested in the drawings of 
non-existent animals [10].

Another reason for the difference in re-
sults could be the type of the tasks within 

Table 2
Mean values of latent factors

Factor Mean values of latent factors for “Terrarium” task Z-statistic

“Analysis” -0.089 (0.066) -1.353

“Inference” 0.211 (0.071) 2.965*

“Text” -0.003 (0.129) -0.026

“Constructor” -0.272 (0.079) -3.433*
Note: The standard errors of measurement are given in parentheses. The mean values of the factors for the 
“Aquarium” scenario are equated to zero. *p<0.05.
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the scenario. It has previously been shown 
that the multiple-choice item type is less 
susceptible to fluctuations in difficulty. 
Larger problems are typical for tasks with 
an open-ended questions or tasks with a 
common stimulus material, such as text [3].

However, our results indicate that tasks 
which include texts as stimulus material 
can be comparable. In part, this can be 
explained by the use of the “cloning” ap-
proach for test development, which allows 
us to create the most similar texts in differ-
ent contexts [1]. Items containing interac-
tive elements are more at risk of incompa-
rability, which could be the reason for the 
difference in scores by form for the ability 
to make inferences.

The present research has some limita-
tions. The analysis was conducted on one 
pair of scenarios to measure one skill, so the 
results need to be revalidated on other sce-
narios and skills. In addition, in this work, we 
analyzed the comparability of forms, based 
only on the analysis of the data structure 
and the functioning of indicators.

Further directions for research devoted 
to the comparability of tasks with context 
include the use of both quantitative and 
qualitative methods. Linguistic analysis of 
task texts and the involvement of experts 
will allow to gain a deeper understanding 
of the differences between the scenarios. 
Another promising direction for future re-
search is to conduct cognitive laboratories 
and interviews with students to understand 

the contribution of context to test results. 
Further application of quantitative methods 
may be to assess the effect of the interac-
tion of the context of the scenario with other 
characteristics of tasks.

Conclusion
Tasks in the digital environment contain-

ing interactive elements are a trend in the 
field of measurements in education. How-
ever, it is almost impossible to create com-
parable tasks “by eye”. The variety of situ-
ations and greater freedom of action of the 
test-taker within the digital environment can 
reduce the comparability of measurements. 
This is especially important when tasks 
are used as interchangeable forms, for ex-
ample, for monitoring studies. The lack of 
widespread practice of the analysis of forms 
comparability may create unequal oppor-
tunities for test-takers to demonstrate their 
abilities, and decisions that will be made 
based on the test results will be invalid.

Our analysis determined that tasks 
where the test-taker create an object from 
elements are at a greater risk of incompat-
ibility. Differences in results can be ex-
plained by the context of the tasks or the 
specificity of the task type. The study of the 
reasons for the results obtained, as well as 
the revalidation of the conclusions formu-
lated here, can be carried out separately to 
improve the quality of innovative tasks and 
explore the possibility of their use for both 
large-scale and local testing.
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