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Abstract—Several instruments have been used for assessing
Computational Thinking (CT) abilities. In this exploratory and
preliminary study, we investigate how appropriate the Bebras
challenge is as an instrument to assess and measure CT abilities.
Bebras is an international challenge whose goal is to promote
Computer Science and CT. The test can be answered without
any prior knowledge on computer science. Our broad research
question is whether we can evolve Bebras into a full fledged
instrument to assess and measure CT abilities. In this paper,
we instantiate a few more specific research questions: Is Bebras
performance a good predictor of success for students within
programming courses? Is there any correlation between Bebras
performance and students’ grades? Do students improve their
performance in Bebras tests when exposed to the contents of a
programming course? Our dataset consists of the grades of 138
students who attended introductory programming courses at two
Brazilian universities and their performance in two simulated
Bebras tests. The first test was applied at the beginning of
the term and therefore before any exposition to programming
classes. The second one was applied at the end of the term. The
results suggest that the performance on Bebras is only moderately
correlated to the student grades. We conclude that it is not very
likely that CT measures can be derived from the Bebras test
as it is currently designed. While further research is needed on
how we can leverage the Bebras effort to extend it into a CT
assessment instrument, we performed a preliminary study on the
use of Item Response Theory (IRT) as a means to improve the
selection of questions and the design of the test. We expect the
results of this research can contribute both to the development
and discussion on CT assessment as well as to the Bebras effort
to educate CT.

I. INTRODUCTION

Computational Thinking (CT) involves solving problems,
designing systems, and understanding human behavior by
drawing on the fundamental concepts of Computer Science
(CS) [1]. CT encompasses all mental tools that reflect and
support the breadth of the Computer Science field. Thus, CT
is more about the cognitive abilities used to solve problems
within CS than about technical skills.

To develop children’s CT abilities we must be able to assess
and measure them. Besides improving our understanding of
the cognitive abilities themselves, developing ways to assess
and measure CT abilities would allow us to compare and
relate them to cognitive abilities required in related areas,
such as math, science and engineering. Assessing CT abilities,
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however, is a challenge because it means measuring latent
variables that cannot be directly observed.

Tests and coding problems are the most popular artifacts
used to assess CT abilities [2]. Tests are sets of objective
questions designed to measure the respondents’ knowledge.
However, there is no validated and widely accepted approach
to create tests to assess CT abilities. As evidence, different
studies use significantly different tests to perform the assess-
ment. Using coding problems and programming projects to
assess CT abilities does not make things better [2]. In this
approach, CT abilities are assessed based on actual program-
ming skills of the subjects. In most cases computer code
must be written by the subjects. The assessment itself usually
consists in verifying whether the code produced by the subject
contains certain structural elements from within a predefined
checklist. While these approaches are useful for measuring
students’ problem-solving skills, they require the subjects to
have some actual knowledge on computer programming. Being
able to assess the fundamental CT abilities without resorting to
concrete programming skills would be useful. Thus, to make
the assessment independent of previous training in computer
science technology, tests seem to be a better way.

Developing appropriate tests to measure students’ cognitive
abilities, however, is not an easy endeavor. In our opinion, it
requires knowledge from widely different areas of expertise.
In particular, we believe and defend that it should leverage
on the knowledge developed by psychometrics. According to
psychometrics, appropriate testing requires a rigorous valida-
tion process before it can be effectively used as a measuring
instrument [3].

Bebras is an international effort that builds on the idea that
teaching computer programming directly is not mandatory to
stimulate CT. Bebras is an international challenge whose goal
is to promote Computer Science and CT among primary and
secondary school students, and also for the general public
[4]. The main part of the Bebras challenge is a contest run
annually one or two times for six different age groups. The
contest is a test composed of multiple choice questions/short
answer as well as interactive tasks related to problem-solving
that does not depend on programming. Although the test
can be answered without prior knowledge about computer



programming and computer science in general, all questions
are indirectly related to fundamental computational concepts.
Bebras was created in 2004 (bebras.org). In 2016, more than
1.5 million students from 38 different countries participated
in the contest.

Bebras, however, was proposed as a means to promote and
stimulate CT among students. It was not designed to be a
measurement instrument. A few studies have suggested that
Bebras could be used as an assessment instrument to assess CT
abilities. They were motivated because many schools already
prepared their students to take the test because it is an external
and international competition [5]. Most popular themes in
these studies are gender issues, difference among age and
countries [6]-[9]. A few studies also explore the relation
between CT and programming abilities [5], [10].

In this study, we investigate how appropriate Bebras can be
as an instrument to assess CT abilities. Our study has been
developed within the context of an introductory programming
course. We explore the relation between students performance
in simulated multiple choice Bebras tests and grades in an
introductory programming course. Our motivating research
questions are: Is Bebras performance a good predictor of
success for students within programming courses? Is there any
correlation between Bebras performance and students’ grades?
Do students improve their performance in Bebras tests when
exposed to the contents of a programming course?

Our dataset consists of the grades of 138 students who
attended introductory programming courses at two Brazilian
universities and their performance in two simulated multiple
choice Bebras tests. The first test was applied at the be-
ginning of the term and therefore before any exposition to
programming classes. The second Bebras test was applied at
the end of the term. The results suggest that the performance
on Bebras tasks is only moderately correlated to the student
grades. We conclude that it is not very likely that CT measures
can be derived from the Bebras test as it is currently designed.
While further research is needed on how we can leverage the
Bebras effort to extend it into a CT assessment instrument, we
performed a preliminary study on the use of Item Response
Theory (IRT) as a means to improve the selection of questions
and the design of the test. We expect the results of this research
can contribute to both the development and discussion on CT
assessment as well as the Bebras effort to disseminate CT.

The remainder of this paper is organized as follows: Section
II introduces related work about assessing CT; Section III
presents the Bebras challenge; Section IV details instruments,
participants, and procedures of the study; Section V exposes
the results; Section VI discusses the obtained results and
the validity threats of our study; Section VII describes a
preliminary study of the applicability of Item Response Theory
methods to the Bebras; finally, Section VIII presents the
concluding remarks and future works.

II. ASSESSING COMPUTATIONAL THINKING

Programming courses with visual programming languages
are the most popular approach not only to stimulate but also to

assess CT [2]. Scalable Game Design is an ongoing project to
develop and assess CT in the context of games and scientific
simulations [11]. AgentSheets and AgentCubes are the tools
used for developing games and express CT abilities. In the
context of the project, Computational Thinking Patterns are
abstract programming patterns that enable agent interactions in
games and science simulations [12]. The assessment is based
on an automatic suite to detected common design patterns in
the students’ project.

Frameworks for assessing CT based on Scratch are also
widely used. Brennan and Resnick proposed a remarkable
framework for assessing computational thinking practices with
Scratch [13]. The framework focuses on three approaches: (i)
artifact-based interviews involving several categories of ques-
tions (defining Scratch, providing feedback, solving problems,
and developing projects); (ii) design scenarios where learners
encounter a series of projects and engage with them from four
perspectives: critiquing, extending, debugging, and remixing;
and (iii) learner documentation where participants are engaged
in developing reflective traces of their learning with a journal
or comments in code. This framework is based on a qualitative
assessment approach.

The Progression of Early Computational Thinking Model
is another framework for understanding and assessing CT in
the primary grades [14]. The model synthesizes measurable
evidence from student’s Scratch project, such as coding design
patterns, which is then mapped onto computational thinking
concepts. This model assumes that every student has a profi-
ciency level of CT that manifests itself in the student’s ability
to design and code specific tasks.

Different from frameworks and specific tools, other studies
use programming tests for measuring CT. Bargury er al
reported a test to assess the CS curriculum of Israel for junior
high, which focuses on developing CT [15]. The test consists
of 11 questions about language proficiency questions, variable
questions, and questions that require algorithmic thinking in
Scratch. The evaluation focuses on the student’s ability to
cope with algorithmic thinking based on conditional and loop
structures.

Another two studies are based on questions of the same test
mentioned above to assess middle school student learning of
programming and CT in Scratch [16], [17]. In both studies,
the authors created pre and post CT tests based on Scratch
for students enrolled in an introductory CS course for middle
school. In [16], the results showed that the CT pre-test scores
are strong predictors of performance on the CT post-test. In
[17], the results indicated that all students have higher averages
on post-tests than pre-tests. Both studies reported a strong
correlation between CT and programming.

Despite the studies above reported the assessment of CT
based on programming activities, other initiatives expose in-
vestigation of measuring CT without programming knowledge.
Gouws et al. has designed and administered a test for CT
ability for introductory computer science students [18]. The
content of the test is structured to test general problem-solving
skills and not programming. They contrasted the results of



the test with the Computer Science 101 (CSC 101) grades.
The results indicated that students who performed well in the
assessment have a favorable pass rate for their class tests.
Marais and Bradshaw [19] have designed a pre and post
test based on the test proposed by [18]. They have explored
the develop of problem-solving skills in first-year computer
science students. The findings suggest that students achieve
problem-solving skills after completing first-year computer
science course and the skills are both innate in some students
and acquired in others.

Pilot studies have explored Bebras challenge as an instru-
ment for assessing CT. Duncan and Bell analyzed three CS
curricula for primary schools and assessed CT abilities with
tests, survey and class observation [5]. Concerned about the
tests, they used Bebras challenge, binary numbers activities,
and programming. The results showed some correlation be-
tween the Bebras results and the score for binary numbers ac-
tivities, and between programming ability and binary numbers
activities. By contrast, they found a weak correlation between
Bebras performance and the programming test. The author
argued that the Bebras test might be used as a test of CT
skills, but more investigation is required to establish this.

Dolgopolovas et al. investigated CT and programming
among novice software engineering students using Bebras
[10]. They administered Bebras at a structured programming
course. They preselected Bebras tasks with the focus on
algorithmic thinking and according to international expert
difficult evaluations. The Rasch Model estimation for test
items of Bebras had shown the possible validity of the test
as an instrument to assess CT abilities. On the other hand, the
results did not present any correlations between CT and latent
abilities measured at structured programming course.

III. BEBRAS

Bebras challenge is an international initiative whose goal
is to promote CS and CT for primary and secondary school
students (bebras.org). The challenge aims at attracting student
to informatics and stimulating CT. Although the test can
be answered without prior knowledge about computing, all
questions are related to computational concepts. The Bebras’
tasks are usually related to one or more of the following
categories: (i) information comprehension; (ii) algorithmic
thinking; (iii) using computer systems; (iv) structures, patterns
and arrangements; (v) puzzles; (vi) social, ethical, cultural,
international, and legal issues [4]. In 2017, a new two-
dimensional categorization system is proposed [20]. This new
two-dimensional categorization system incorporates both CT
skills and informatics concepts in the classification of tasks.
The CT skills are Abstraction, Algorithmic thinking, Decom-
position, Evaluation, Generalization. The informatics concepts
are (i) Algorithms and programming, (ii) Data, data structures
and representations, (iii) Computer processes and hardware,
(iv) Communication and networking, and (v) Interactions,
systems and society.

Bebras has been applied by age group. The name and
grades of the group can vary among countries, but in most

TABLE I
SCORES OF THE ORIGINAL BEBRAS CHALLENGE
Difficulty Easy Medium Hard
Correct answer 6 9 12
No answer 0 0 0
Incorrect answer 0 -2 -4

of the cases are Pre-Primary (grades 1-2), Little Beavers
(grades 3- 4), Benjamin (grades 5-6), Cadet (grades 7-8),
Junior (grades 9-10), Senior (grades 11-12). Frequently, the
contest is performed in schools using computers but also can
be performed with paper and pencil. The participants are
supervised by teachers who may integrate the contest into
their teaching activities [4]. Pupils should solve 15 to 18 tasks
within 40 to 55 minutes.

Bebras has been arranged annually since 2004. Once a
year, researchers from all the countries involved meet in a
workshop for the development of the Bebras challenge. The
questions of the contest are called “tasks”. The tasks are
created to be short, answerable in a few minutes through a
computerized interface, and requiring deep-thinking skills in
the informatics field [7]. Tasks are either multiple choice (four-
choice questions with one correct answer) or interactive (using
drag-and-drop techniques, assembling constructions, picking
items, writing, etc.) [6]. The tasks are created in English. Each
national organizer needs to translate the tasks from English
into the national language spoken in his country.

The tasks are grouped into three categories which present
increasing difficulties. Furthermore, each task of a category
receives different points. Tasks of the “A” category receives
+6 points for a correct answer and 0 points for an incorrect
answer; tasks of the “B” category receives +9 points for a
correct answer and -2 points for an incorrect answer; at last,
tasks of the “C” category receives +12 points for a correct
answer and -4 points for an incorrect answer (see Table I).
This classification is made by the stakeholders.

IV. METHOD

This section describes instruments, participants and proce-
dures adopted in our study.

A. Instruments

Until 2016 Brazil had not yet participated in the Bebras
challenge. As Bebras occurs annually in several other countries
and there are not tasks available in Portuguese, we chose
tasks from other countries and over past years. We chose the
English language to make it easier to translate the tasks into
Portuguese, since the authors and other researchers who help
us already knew English.

Among all the English-speaking countries that have par-
ticipated in Bebras, the United Kingdom (UK) has produced
annual brochures of the Bebras challenge tasks along with
solutions and explanations. So, we selected the tasks of our
study from the UK’s Bebras test applied in 2014 and 2015.
Moreover, we considered the senior level because it is the
older age group.



Thus, the UK’s Bebras test from 2014 and 2015 were
translated into Portuguese. For reduce bias and translation
mistakes, each task was reviewed by two external researchers
from our study. From now on, test 1 means UK’s Bebras
applied in 2014 and test 2 means the test applied in 2015.
In our study, the tasks of each test were randomly organized.

The student’s absolute score in Bebras can vary from 0 to
15 (each test has fifteen tasks). The Bebras’ score obeys the
task categories presented in Table I. Although the students
may answer all tasks incorrectly, we decide to work only with
a positive score. So, the Bebras’ score ranges from 0 to 135.

B. Participants

The participants of our study were CS undergraduates
who attended the introductory programming course at two
Brazilian universities during the second semester of 2016.
Both universities use the Python programming language.

Two simulated multiple choice Bebras tests were applied.
The first simulated multiple choice Bebras test was answered
by 160 students while the second one was answered by 81
students. The difference in the number of students is due to
many reasons: some students dropped out during the semester
and others did not appear at the test day due to unforeseen cir-
cumstances. Because of these reasons, the number of students
varies along each step of our investigation.

C. Procedures

The students participated in two simulated multiple choice
Bebras tests. The first was applied at the beginning of the term
and therefore before any exposition to programming classes.
The second test was applied at the end of the term. In all
cases, the authors supervised the performance of the test.

The students carried out the tests with paper and pencil in
both times. In the beginning, they received basic instructions
such as the duration time (55 minutes), tasks type, and the
challenging context.

After all, the dataset was organized. The tests scores were
storage in a table. Besides, the final grades on the introductory
programming course were also included in the table. These
grades are ranged from O to 10 in both universities. The data
were analyzed by descriptive and inferential statistics using
the R programming language. The results are reported in next
section.

V. RESULTS

This section presents the result of our statistical analysis
with the collected data. First, we simply scored (absolute
score) each correct task with 1 point, incorrect tasks with O
points, and empty tasks were marked with N/A. When looking
at the mean of absolute scores, the students reached 9.35 in
test 1 (standard deviation of 2.05), and mean of 9.23 in test 2
(standard deviation of 3.07). In the introductory programming
course, they reached mean of 7.45 (standard deviation of 2.06).

After that, we calculated the Bebras’ score following the
three difficulty categories presented in Table 1. Figure 1
provides a summary of data. Apart from some outliers, the

TABLE II
MEAN OF SCORE AND POINTS

Absolute Score  SD  Bebras’ Score  SD
Test 1 8.9 24 100 24.1
Test2 9.0 3.1 108 324
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140

o

120
|

100
|

80

60
I

20

Test 1 Test2

Fig. 1. Boxplots of Tests 1 and 2

second boxplot presents a wider variation when compared to
the first boxplot. Table II shows the means of absolute and
Bebras’ score. In both tests, the mean of absolute score is
almost the same. Whereas, test 2 presents higher mean of
Bebras’ score and standard deviation than test 1.

Next, our data set were checked with respect to the distri-
bution. The Shapiro-Wilk test was applied, with significance
level of 0.05, in order to observe whether the data set follows
a normal distribution. We obtained a p-value = 0.319 for test
1 and a p-value = 0.264 for test 2.

Thus, we can conclude that both samples follow a normal
distribution with a confidence level of 95%. On the other
hand, the result of the normality test for the introductory
programming course grades obtained a p-value < 0.001, which
means the grades are not normally distributed.

A. Is Bebras performance a good predictor of success for
students within programming courses?

This section reports the results used to answer our research
question 1: Is Bebras performance a good predictor of success
for students within programming courses? To answer this
question, we investigate the correlation between Bebras’ score
of test 1 and the introductory programming grades. In this case,
138 students did the test 1 and concluded the introductory
programming course. In this step of our investigation, the
sample is composed of n = 138 students.

Figure 2 shows a scatter plot that relates the Bebras’ score of
test 1 with the introductory programming grades. The red line
indicates a positive correlation, i.e., as one variable increases,
the other also increases, but the data seem to be very spread.
So, considering that grades don’t follow a normal distribution,
we calculated the Spearman’s rank correlation coefficient to
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Fig. 2. Scatter plot of the Bebras’ score of test 1 and the introductory
programming grades

TABLE III
SPEARMAN’S RANK CORRELATION COEFFICIENT

Bebras’ score

Grades

Test 1
Test 2

0.425
0.302

measure the strength of the correlation between the Bebras’
score of test 1 and the introductory programming grades.
The result was p = 0.425, as seen in Table III. This result
confirms the moderate positive correlation, since 0.30 < p <
0.70. Based on our data set, we can conclude that Bebras
performance can moderately predict the students’ success in
the introductory programming course.

B. Is there any correlation between Bebras performance and
students’ grades?

This section reports the results obtained to answer our
research question 2: Is there any correlation between Be-
bras performance and students’ grades? Once we already
find that test 1 has a moderate correlation with introductory
programming grades, we now investigate whether test 2 is
also correlated with introductory programming grades. In this
time, 78 students did the test 2 and concluded the introductory
programming course (n = 78).

Figure 3 shows the scatter plot that relates the Bebras’
score of test 2 with the introductory programming grades. We
also calculated the Spearman’s rank correlation coefficient to
measure the strength of the correlation. The result is p =
0.302, as shown in Table III. The correlation is moderate
positive, since 0.30 < p < 0.70. So, we can conclude
that Bebras performance has moderate correlation with the
introductory programming grades, independently if the test
was administrated at the beginning or the end of the term.

Scatterplot of test 2 and
introductory programming grades
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Fig. 3. Scatterplot of test 2 and the introductory programming grades

C. Do students improve their performance in Bebras tests
when exposed to the contents of a programming course?

The previous results show that Bebras has a moderate cor-
relation with introductory programming. Now, we investigated
if the students performance in Bebras improve along the
programming course, i.e., whether the students improve their
achievements in Bebras scores after the programming classes.
In this case, our sample reduces to 69 students who carried
out both tests 1 and 2 (n = 69).

To analyze the effect size of the mean difference, we
calculated the Cohen’s d. The result was d = 2.344 which
means a large effect. Considering the effect size, we have
evidence to believe the mean differs. However, to support this
evidence, we need to perform a hypothesis test.

For choose the appropriate statistical test, we analyzed the
data distribution again considering n = 69. The Shapiro-Wilk
test was executed and the results indicate that test 1 (p-value
= 0.028) does not have a normal distribution while test 2 is
normally distributed (p-value = 0.343), with the confidence
level of 95%. Therefore, we need a non-parametric test to
assess whether the Bebras’ scores differ from test 1 to test 2.

We conducted the Wilcoxon signed-rank test to analyze
if the difference of mean of Bebras’ score is statistically
significant. We test the null hypothesis (the mean of test 1
and test 2 are the same), considering a significance level of
0.05. The result shows p-value = 0.063. Thus, we accept the
null hypothesis that the mean of Bebras’ score from test 1 and
test 2 are the same.

VI. DISCUSSION
In this section, we discuss the previous results and highlight
some issues that threaten the validity of our study.
A. Bebras performance is a moderate predictor of success for
Students within programming courses

We already expected that students without any pre-
exposition of programming classes could achieve positive



results, since the tasks do not require previous knowledge of
Computer Science to answer correctly. Besides, solving prob-
lems is a general skill not exclusively from computer scientists
[1]. Furthermore, a recent study supports the statement that CT
is fundamentally linked with general mental ability [21].

We also presumed student with higher Bebras’ scores in test
1 also achieve higher grades in the introductory programming
course and vice versa. However, the results of our dataset
showed that Bebras are only moderately related to success
within programming course. Thus, we cannot support that Be-
bras is a predictor of success in the introductory programming
course. For the case when the students achieve higher Bebras’
score and lower grades, the results of Bebras is not decisive to
conclude that the students will make an excellent performance
in the programming class. In the other hand, for the case when
the students achieve higher grades and lower Bebras’s score,
we believe that learning programming requires others abilities
beyond CT. In this controversial situations, we need further
investigation to make some assumption.

B. There is a moderate correlation between Bebras perfor-
mance and students’ grades

The findings suggest that test 2, which was applied at the
end of the term, has a moderate correlation with introductory
programming grades. At first, we expected a stronger cor-
relation between Bebras performance and grade because the
studies have pointed out programming as the main approach
to foster CT [2]. Examining the literature more carefully,
however, we found studies that did not find any correlation
between the performance of simulated multiple choice Bebras
and grades by first-year software engineering undergraduate
[10] or they found a weak correlation between Bebras per-
formance and programming test for primary school students
[5].

These controversial results incite questions and further
investigation. In one direction, we regard some consideration
over Bebras as an instrument to assess CT. New task sets
are created annually, so, the Bebras tests applied in studies
perhaps differ by difficulty level and specific CT abilities, such
as abstraction, algorithm thinking, decomposition, evaluation,
and generalization. Besides, the Bebras’ score adopted in the
contest could influence the overall result. In another direction,
we should investigate the relation between CT and program-
ming. Is it true that every programming course will improve
CT abilities? Moreover, do the students who achieve higher
scores in CT must achieve higher scores in programming
course? Does CT define programming abilities and vice-versa?

C. Students do not improve their performance in Bebras tests

Considering that programming is the main approach to
booster CT [2], we expected a significant difference in Bebras
performance when comparing the beginning and the end of the
term. In fact, the Cohen’s d showed a large effect size (d =
2.344), supporting the statement that programming course
stimulates CT abilities. By contrast, the hypothesis test had
not presented evidence to reject the null hypothesis, i.e. the

sample mean does not differ, at 95% confidence level (p-value
= 0.063). However, if we consider 90% confidence level,
we could reject the null hypothesis and assumed that there
is a difference between sample means. So, there is a small
threshold considering the confidence level to reject or not the
null hypothesis.

This finding needs further investigation in two directions.
First, we wonder if an introductory programming course
is enough time to reveal differences in a test to measure
latent variables. Second, we do not know if Bebras can be
used as the psychometric instrument to measure CT abilities.
Considering the last issue, we begin an exploratory study of the
applicability of Item Response Theory methods to the Bebras.
Next section discusses the evidence that Bebras can be used
as a psychometric instrument to measure CT abilities.

D. Threats to validity

Some issues threaten the validity of our study. The study
was limited to the number of participants at two universities,
so we do not know whether the findings can be generalized to
other CS courses. In addition, we analyzed the data of the two
universities together. Even if we analyze the data separately
by university, the overall result does not change, i.e., we can
neither support that Bebras is a predictor of success in the
introductory programming course nor students improve their
performance in Bebras tests. A second limitation is that our
data were collected at the beginning and at the end of the
term, with no data collection taking place at another moment
during the term. Future studies can benefit from collecting
qualitative data during the term as well. Third, we did not
consider retention factors in the introductory programming
courses. At last, the scores were produced manually, for this
reason, human factors threaten its validity. To mitigate this
issue, we double-check the dataset.

VII. EXPLORING ITEM RESPONSE THEORY

In this section, we discuss a brief analysis of Item Theory
Response (ITR) under Bebras’ tests. We aim at analyzing
this theory with the intention of exploring a suitable way to
measure CT. First, we present the ITR as well as the primary
criteria of discrimination, difficulty, and answering correctly
by guessing. Then, we describe the fundamental equation of
the used psychometric model. Finally, we show the result of
the two simulated Bebras tests.

According to psychometrics, for a test to measure latent
variables, some criteria must be examined. The first is the
difficulty of the item. The difficulty of an item works to
position the item along the ability scale. For example, an
easy item works among the low-ability examinees, and a hard
item works among the high-ability examinees [22]. In Bebras,
the tasks are classified according to their difficulty level. The
researchers use their tacit knowledge to rank tasks in easy,
medium or hard tasks. The issue to use this approach is that
the difficulty classified by researchers can be overestimated
or underestimated because they are not based on students’
answers. The previous Bebras studies already have shown that



in one-third of the cases the tasks were either easier or harder
than expected by researchers [23], and 13% to 60% of the tasks
were easier or harder than predicted by researchers [8]. This
approach can be sufficient for the Bebras original proposal as
a contest to promote CT. However, when we examine it as an
instrument of assessment, this approach does not appear to be
the best choice.

Besides the difficulty, another two important criteria for
psychometrics are discrimination of a question and answer
correctly by guessing. Discrimination describes how well a
question can differentiate students with higher and lower
levels of knowledge [22]. In general, items with higher dis-
crimination detects a small change in the ability level of
students. At last, in tests with multiple choice questions, there
is always the possibility of correctly guessing when giving
a random answer. Thereby, the correct response includes a
small probability of hit due to guessing. Assessing abilities
by multiple choice questions must consider this case. To
the best of our knowledge, Bebras does not examine the
criteria of discrimination and hit due to guessing. Besides,
the difficulty level is classified by researchers, not over the
student’s answers.

Thus, one way to use Bebras as an instrument of assessing
CT, through psychometrics, is exploring IRT. IRT is a testing
model which is based on individuals performances on a
test designed to measure certain abilities [22]. To analyze
multiple-choice items marked as correct or incorrect and which
seem to allow guessing, the psychometrics uses the three-
parameter logistic model (3PL). The fundamental equation of
the 3PL model 1 is the probability that a randomly selected
examinees with proficiency © will correctly respond to item j,
characterized in terms of a is the slope of parameter of item,
characterizing its sensitivity to proficiency; b is the threshold
parameter of item j, characterizing its difficulty and c is the
lower asymptote parameter of item j, reflecting the chances
of students with very low proficiency selecting the correct
response (guessing) [22].

1
1+ e—ai(0-b;)

P(©)=c;+(1— (1)

¢)

Now we present a brief exploratory case of the applicability
of IRT parameter to the simulated multiple choice Bebras test.
Since IRT considers that only one latent ability is measured by
a set of items in a test, we assumed that Bebras test measures
Computational Thinking ability. Thus, the presence of CT
ability as a dominant factor explains most of the expected
instrument variance scores.

Considering IRT, Item Curve Characteristic (ICC) allows the
graphic visualization of difficulty, discrimination and hit due
to guessing parameters. ICC is an increasing monotonic math-
ematical function that predicted the behavior of the individual
in an item. The S-shaped curve describes the relationship
between the probability of a correct response (axis Y) given
to an item and the ability scale (axis X) [22]. Each item in a
test will have its ICC. Figures 4 and 5 provide the ICC for test
1 and test 2, respectively, considering Baye’s modal estimator

——item1
——item2
——item3
item 4
——item5
——item6
——item?7
item 8
item 9
item 10
——item 11
——item 12

item 13
item 14
item 15

Fig. 5. Item Characteristic Curves of Test 2

and 3PL. For this purpose, we used the data set of all the
students who answered each test: n = 160 for the test 1 and
n = 81 for the test 2.

Observing Figures 4 and 5, we revisit difficulty, discrimi-
nation and hit due to guessing parameters for each test over
ICC. The slope parameter reflects the steepness of the item
and describes how many individuals of different abilities are
distinguished as to the probability of hitting the item. So, the
slope parameter specifies subjects with relative magnitudes in
the latent trait, in our case, CT abilities. When discrimination
is greater than moderate, the item characteristic curve is S-
shaped and rather steep in its middle section. The items 12,
8, and 2 in Figure 4, and items 8, 3, and 14 in Figure 5 are
examples of greater discrimination. Whereas, when the item
discrimination is less than moderate, the item characteristic
curve is nearly linear and appears rather flat. This occurs
with items 14, 9, and 4 in Figure 4, and items 1, 4, and
13 in Figure 5. Notably, we found a critical value for the
discrimination parameter in item 14 (Figure 4 - Test 1). The
value of discrimination parameter of item 14 is lower than
0.30. This result indicates that the item should be review.
Besides that, a particular case can be seen in item 14 in test
1 and item 1 in test 2. The flatter the curve, the less the
item is able to discriminate since the probability of correct
response at low ability levels is nearly the same as it is at
high ability levels. In other words, if an item is either very



easy or very hard, it is not likely to be discriminating [22]. In
this case, the item 14 in test 1 was answered correctly by a lot
of students, while the item 1 in test 2 was answered correctly
by few students. Because of that, the items are not helpful
to discriminate students with higher and lower levels of CT
ability.

For observing the difficulty parameter over ICC, we must
see the value of P(©). The value of P(0) = 0.5 corresponds
to the item difficulty, i.e., b threshold parameter [22]. When
an item is easy, this occurs at a low ability level. This occurs
with items 4, 8 and 15 in test 1 and items 3, 6 and 2 in test 2.
Meanwhile, when an item is hard, this corresponds to a high
ability level. This occurs with items 10, 12 and 3 in test 1
and items 15, 10 and 14 in test 2. The probability of hit to
guessing is below 0.40 for both tests, so we do not found any
critical values for this parameter.

Finally, we investigate the reliability of the both tests. We
calculate the Cronbach’s Alpha, a measure for estimating
the reliability of a test. The Cronbach’s Alpha evaluates a
magnitude in which the items of an instrument are correlated,
i.e., the mean of the correlations between the items that are
part of an instrument [24]. Cronbach’s alpha is 0.56 for test
1 and 0.68 for test 2. These measures indicate “poor” and
“questionable” internal consistency, respectively. These results
suggest that the tasks should be better selected to improve
internal consistency.

This Section presented a brief overview of IRT. The findings
suggest that it is not very likely that CT measures can be
derived from the Bebras test as it is currently designed.
Nevertheless, we believe that it is possible to take advantage
of the international effort to extend Bebras proposal as an
assessment instrument. Further investigation is necessary for
exploring others aspects of IRT.

VIII. CONCLUDING REMARKS

In this exploratory and preliminary study, we investigate
how appropriate a Bebras challenge is as an instrument to
assess and measure CT abilities. First, we investigated whether
Bebras performance a good predictor of success for students
within programming courses. Our dataset suggests that Bebras
performance can moderately predict the students’ success of
introductory programming course. Second, we investigated the
correlation between Bebras performance at the end of the term
and students grades. We also find a moderate correlation when
multiple choice Bebras test was applied at the end of the
term. Third, we investigated whether students improve their
performance in Bebras tests when exposed to the contents of
a programming course. The result shows a large effect size (d
= 2.344) but it does not show statistically significant difference
(Wilcoxon signed-rank test p-value = 0.063).

As highlighted by Dagiené and Stupuriené [4], the main
goal of the Bebras challenge is not to test students knowledge,
but with more investigation, it looks like that Bebras can be
used for assessment. In this direction, we presented a brief
study of the applicability of Item Response Theory parameters
to Bebras. The finding suggests that it is not very likely that CT

measures can be derived from the Bebras test as it is currently
designed. Further research is needed on how we can leverage
the Bebras effort to extend it into a CT assessment instrument.
Nevertheless, we believe that it is possible to take advantage
of this international effort (Bebras) in order to produce an
adequate assessment instrument of CT abilities.

As future work, we plan to deepen our research of IRT to
Bebras. We will investigate the qualitative aspects involved
in each question that can indicate the discrimination and
the difficulty level of each question used in this study. We
expect the results of this research can contribute to both the
development and discussion of CT assessment as well as the
Bebras effort to disseminate CT.
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