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Abstract. Bebras is a contest organized for schools to promote computational
thinking and new tasks are developed for it every year. The contest is held online
in over 50 countries around the world and its results provide a great deal of infor-
mation regarding difficulty levels of particular tasks and factors influencing par-
ticipants’ success in the contest. Our paper brings an analysis of such hard data in
relation to statements of those participants who expressed their opinion on the dif-
ficulty of particular tasks and whose statements could be matched with their actual
academic performance in the contest. Questionnaires were voluntarily completed
by contestants participating in the Senior category (for the oldest participants aged
over 16) from the Czech Republic.

Statistical analysis of contest results and perceived task difficulty provided
new findings. There is no relationship between the proportion of participants with
wrong answers to tasks and participants’ subjective perception of task difficulty.
Subjective difficulty is more aptly expressed in terms of the proportion of par-
ticipants who did not answer the task. The contest was perceived as being easier
by those participants who achieved higher scores in it. Male participants demon-
strate a higher level of self-esteem in terms of IT skills than female participants.
However, female participants’ self-perceptions of their IT skills are slightly more
accurate than males’. Results presented in the article could help the authors of
the contest to improve compilation of contest tasks and have them included in the
Informatics curriculum.
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1 Introduction

The situational informatics tasks used in the Bebras contest [1, 2] can be viewed from
various angles. One view sees them as practical problems, developing various elements
of computational thinking such as algorithmization, abstraction, decomposition and eval-
uation. From another angle, they can be seen as tasks involving various parts of com-
puter science like programming, optimization, data representation, structures, processes,
hardware, coding, cryptography, robotics and social aspects [3–6].

Bebras tasks are examined in a large number of studies. Some of them deal with
creating good informatics tasks [7–9] or criteria influencing task difficulty [10–13].Other
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papers deal with the use of Bebras tasks - in assessing levels of computational thinking
[14], bringing change into the classroom [6, 15] or preparing teachers as curriculum
makers [16, 17]. School course books include Bebras tasks [18] or similar situational
tasks that are adapted to a particular method of teaching [19].

A considerable proportion of research focuses on the difficulty of particular tasks or
their types [13, 20–22]. As stated by Lonati et al. [13], predicting task difficulty is far
from being an exact science and understanding difficulties andmistakes afterwards is not
that easy either. Bellettini et al. [22] point out that in one third of the cases the tasks were
either easier or more difficult than expected. According to van der Vegt and Schrijvers
[20], category data structures and representations seem to be easier than algorithmization
and programming tasks, while combining these categories increases the difficulty even
further. Moreover, open ended tasks turned out to be the hardest as opposed to interactive
or multiple choice tasks [20].

Other studies explore the issue of age suitability [22] and gender balance of contest
tasks [23–26]. Hubwieser et al. [24] and Izu et al. [26] inquire into motivating younger
girls to solve informatics tasks. Stupurienė et al. [25] point out that girls from the 3rd
to 8th grades are as interested in solving informatics problems as boys. However, the
proportion of 11th and 12th grade girls in the contest drops. Izu et al. [26] state that a
declining performance trend of girls vs. boys can be recognized from primary to high
school level, with boys outperforming girls in all countries in the Senior category. Other
studies focus on international and long-term comparisons of tasks [25, 27, 28].

Given the online nature of the contest, it is not difficult to acquire data that measures
achievement. As long as personal data protection rules are complied [29], an online
contest can provide a large amount of data on how participants coped with various tasks.
Statistical analysis of such data can indeed enable us to ascertain which type of task is
difficult.

However, such data cannot ascertain how participants perceive contest tasks, their
difficulty, and the motivational effect or “discouraging effect” of task settings. Very
few studies actually inquire into this issue. One exception is Lonati et al. [13], who
used interviews to uncover difficulties that participants encountered while completing
tasks. Our paper is focused on participants’ feedback, providing their retrospective self-
perceptions of contest tasks and a comparison of that feedback with their actual results.
The aim of our study is to shed light on participants’ perceptions of contest tasks. The
following research questions (RQ) were formulated on the basis of the research aim:

• Is there a relationship between perceived difficulty of a task and the proportion of
participants who did not answer (RQ1a), gave the correct answer (RQ1b) or gave the
wrong answer (RQ1c)?

• Is there a relationship between perceived difficulty of the test as a whole and
performance in it (RQ2)?

• Is there a relationship between respondents’ self-perceptions of IT ability and their
performance in the test (RQ3) or their perception of tasks difficulty (RQ4)?

• Are self-perceptions of IT ability higher (RQ5) and more accurate (RQ6) for male or
for female participants?
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2 Methodology and Design

2.1 Bebras Contest and Questionnaire Survey

In the Bebras contest, participants take an online test, comprising of situational infor-
matics tasks. In a situational task, solvers emerge into a described situation in which
they must grasp, get to understand the used concepts and terms, find an informatics
principle the task is based on, solve the problem using cognitive and thinking skills and
select the right answer from the options [12]. The Senior category for students aged 16
to 19 consists of 15 tasks. These are completed by selecting the correct answer from a
number of options or by typing a number or some text. In interactive tasks, objects are
to be checked or moved with a mouse. Participants have 40 min to complete the test.
For correct answers, participants are awarded a varying number of points according to
predefined task difficulty levels. For incorrect answers, a proportional number of points
are deducted. Points are not deducted for unanswered tasks (this rule has an impact on
deciding whether to answer a task if a participant is not sure about the correct answer).
As soon as the test is over, participants can see their points total but cannot see which
tasks they got right and where they made mistakes. Such feedback could have an impact
on their perception of the difficulty of the test as a whole.

In order to determine how participants perceive the difficulty of contest tasks, we
compiled an anonymous online questionnaire. This comprised of questions concerning
issues such as pupils’ self-perceptions of their IT ability and their opinion on the difficulty
of particular tasks in the contest.Where participants agreed, their questionnaire responses
were correlated with their test score.

In the research, we used the term IT ability instead of informatics/computer science
ability because a school subject known by research participants is called IT. This subject
is based on digital technology handling and rarely contains topics from informatics, such
as algorithmization. Since most Czech pupils might not properly understand the term
informatics, asking a question about their informatics ability could bring unclear results.

The self-perceptions of IT ability and perceived difficulty of contest task variables
express participants’ subjective opinion in the six-point Likert scales, whose extreme
endswere “I knownothing” and “I amvery good at it”, or “Easy” and “Hard”. Participants
also had the possibility of indicating that they are “unable to say”.

2.2 Research Sample

All Senior category participants in the 2018 contest were notified with a request to com-
plete a questionnaire. In that year 5898 participants took part in that category designated
for pupils aged over 16 and our questionnaire was completed by 595 of them. 565 of the
questionnaires were sent shortly after completing the test at a time when participants had
already been informed of the scores they had achieved in the test but had not yet been
given the correct answers to particular tasks and did not know whether their answers
were right or wrong. The remaining 30 questionnaires were sent at a time when this
information had been made available to them. 294 participants gave their consent to
having their questionnaire answers correlated with their contest test scores (for details
see Table 1).
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Table 1. Numbers of participants and received questionnaires according to gender. Some
respondents did not state their gender in the questionnaire.

Men Women Total

Total number of participants 4093 1805 5898

Number of questionnaires received 385 131 595

Number of participants agreeing to have their responses correlated with
their test scores

220 74 294

2.3 Data Analysis

Toanswer the abovementioned research questions,wedeveloped research hypotheses, as
presented in the Appendix to the paper available at https://www.ibobr.cz/papers/ISSEP2
020.pdf. Data analysis was carried out using the following statistical methods: Pearson’s
correlation coefficient, Spearman’s rank correlation coefficient and Mann–Whitney U
test.

Pearson’s correlation coefficient was used for linear expression of the relationship
between two variables as per Cohen [30]. According to Chráska [31], a test value of
0 indicates a statistical independence between the two variables, while a value of+1 (or
−1) indicates a perfect correlation between the two variables.

As perKing andEckersley [32],we could not use Pearson’s correlation coefficient for
data that are not discrete or continuous and are not normally distributed. For such cases
we used Spearman’s rank correlation coefficient, which is used to calculate a measure
of correlation and works on the ranked values of the data.

As per Chráska [31], we used the nonparametric Mann–Whitney U test to verify
whether two samples can come from the same basic set. This test is used to analyze two-
sample unpaired data [33] and is based on pooling all original sample values and then
ranking them. The following null hypothesis is used: The two populations have identical
distributions. The following alternative hypothesis is stated: The two populations have
different medians, but otherwise are identical.

Some items acquired from the questionnaire survey were unsuitable for analysis in
certain respects as they did not include all the required information. Consequently, they
were eliminated, as detailed in the Appendix.

The statistical software R was used for data analysis.

3 Results

3.1 Relationship Between Perceived Difficulty of a Task and Type of Answer
Participants Gave

We used the variable average perceived difficulty of a particular task to answer research
questions RQ1a to RQ1c. We also used the proportion of a certain type of answer (did
not answer, gave the correct answer, gave the wrong answer) within the total number of
participants. For the observed variables, the Anderson-Darling test and the Shapiro-Wilk

https://www.ibobr.cz/papers/ISSEP2020.pdf
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test for normality failed to reject the null hypothesis of normal sample distribution. Con-
sequently, we treated that data as data from a normal distribution. Pearson’s correlation
coefficient was used for testing.

To answer RQ1a, we verified the hypothesis whether the average perceived difficulty
and proportion of no answers variables are independent. Pearson’s correlation coefficient
is equal toR= 0.91. There is a relationship between the variables at a significance level of
0.05. It can therefore be said that the proportion of no answers does express participants’
perceptions of their difficulty (Fig. 1).

Fig. 1. Relationship between average perceived difficulty of a task and proportion of respondents
who did not answer

To answer RQ1b, we tested whether the average perceived difficulty and proportion
of correct answers variables are independent. Pearson’s coefficient is equal to R=−0.89
and there is negative relationship between the variables at a significance level of 0.05. It
can therefore be said that the proportion of correct answers also expresses participants’
perceptions of the difficulty of contest tasks – tasks which are perceived by participants
as more difficult have fewer correct answers (Fig. 2).

Fig. 2. Relationship between average perceived difficulty of a task and proportion of correct
answers

To answer RQ1c, we tested whether the average perceived difficulty and proportion
of incorrect answers variables are independent. Pearson’s coefficient is equal to R =
0.27. We cannot reject the null hypothesis at a significance level of 0.05 so we cannot
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claim to have evidence of any relationship between these two variables. This can lead us
to infer that the proportion of wrong answers does not express participants’ perceptions
of the difficulty of contest tasks (Fig. 3).

Fig. 3. Relationship between average perceived difficulty of a task and proportion of wrong
answers

3.2 Relationship Between Perceived Difficulty of the Test as a Whole
and Performance in It

In research question RQ2, we use the points scored and perceived difficulty of the test
variables, for which all implemented tests (Shapiro-Wilk, Anderson-Darling, Kruskal-
Wallis) rejected normality. We used Spearman’s coefficient to calculate correlation,
which is equal to ρs = −0.37. Its result at a significance level of 0.05 clearly rejects the
null hypothesis of no relationship between the variables. There is indirect rank correlation
between number of points scored in the test and perception of its difficulty. This can be
interpreted to mean that the test was perceived as being more difficult by participants
with lower scores in the test (Fig. 4).

Fig. 4. Comparison of points scored in the test and perceived difficulty of the test

3.3 Self-perceptions of IT Ability and Performance

The following two research questions concern respondents’ self-perceptions of IT ability,
their test score and perception of test difficulty:
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• RQ3: Is there a relationship between respondents’ self-perceptions of IT ability and
their performance in the test?

• RQ4: Is there a relationship between respondents’ self-perceptions of IT ability and
their perception of tasks difficulty?

To answer these questions, we used the self -perception variable, which is an ordinal
variable that cannot have normal distribution, even asymptotically. For that reason, we
used Spearman’s coefficient of rank correlation.

To answerRQ3,we used points scored as the second variable, Spearman’s coefficient
being equal to ρs= 0.26. The null hypothesis of no rank correlation between the variables
was rejected at a significance level of 0.05. A certain weak correlation between self-
perceptions of IT ability and number of points scored is identified.

To answerRQ4,we used the variable perceived difficulty of the test. Spearman’s coef-
ficient being equal to ρs =−0.27, identifying almost the same weak negative correlation
as in the previous research question RQ3. The test again rejected the null hypothesis of
no correlation, indicating a certain weak negative correlation between these variables.

To a certain extent, this confirms expectations that participants who perceive them-
selves as having above-average IT ability actually achieve higher scores in the test
and perceive the test as being rather easy. However, this is not a particularly strong
corroboration.

3.4 Gender Differences in Self-perceptions of IT Ability

Participants provided data regarding their gender both in the contest and the question-
naire, the collected data enabling us to answer research questions concerning male and
female participants’ self-perceptions:

• RQ5: Do male or female participants have higher self-perceptions of IT ability?
• RQ6: Are self-perceptions of IT ability more accurate for male or for female
participants?

To answer RQ5, we used the gender and self -perception variables. The self -
perception variable being of an ordinal type, we cannot compare the expected value.
We can only compare the median of self -perception, the male median equaling MM
= 3.86 and the female median equaling MF = 3.11. The result of the nonparametric
Mann–Whitney U test rejected the null hypothesis of both genders having the same
self-perceptions of IT ability at a significance level of 0.05.

To answer RQ6, we used a comparison of the self -perception and points scored
variables. To be able to test which gender perceives their IT ability more accurately,
we transformed the points scored continuous variable into an ordinal variable called
categorized points by dividing the interval of 0–240 points into 6 equal intervals of
40 points. The median of the absolute value of the difference between self -perception
and categorized pointswas calculated at: ρsM= 1.25 formen, ρsF= 1.04 for women. The
Mann–Whitney U test does not reject the null hypothesis of both genders self-perceiving
their IT ability with equal accuracy at a significance level of 0.05 but does reject it at a
significance level of 0.1.
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These results can be interpreted to mean that male participants have higher self-
perceptions of IT ability than female participants. Contrarily, female participants’ self-
perceptions of their IT ability are slightly more accurate than male participants’, the
difference being negligible (Fig. 5).

Fig. 5. Stacked chart showing distribution of female (dark grey) andmale (light grey) participants’
self-perceptions of IT ability.

4 Discussion and Conclusion

By comparing participants’ statements with their actual score, it was discovered that
perceived difficulty of a particular task is not expressed by the proportion of participants
who answered incorrectly. Perceived difficulty of a task is expressed by the proportion
of those participants who did not answer and also of those who gave the correct answer.
This result corresponds to findings of Vaníček [12] that the no answer indicator describes
task difficulty very well. The perceived difficulty of contest tasks can be considered an
important parameter, as per Keller and Landhäußer [34] a perceived fit of skills and
task demands is a prerequisite for emergence of flow, which means the state in which
according to Engeser and Schiepe-Tiska [35] an individual is completely immersed in
an activity without self-consciousness but with a deep sense of control.

Our research also shows that participants who achieved higher scores in the test
do actually perceive it as being easier. Moreover, participants who have higher self-
perceptions of IT ability perceive the test as being easier and achieve higher scores in it.
These conclusions correspond to findings of Li et al. [36], Mangos and Steele-Johnson
[37] that self-perceptions of ability are negatively related to perceptions of task difficulty;
self-perceptions of ability have a positive correlation with performance; and perceptions
of task difficulty are negatively associated with performance.

In addition, our research identifies findings relating to gender differences. Male
participants of this age were found to have higher self-perceptions of their IT ability
than female participants but female participants’ self-perceptions of their IT ability are
slightly more accurate than male participants’. The finding that men have higher self-
perceptions of IT ability than women corresponds to earlier research of Cussó-Calabuig
et al. [38] andBirol et al. [39] relating to self-perception in IT.AsVekiri claims, perceived
teacher expectations aremore strongly associatedwith girls’ thanwith boys’ self-efficacy
beliefs in IT [40], thus there seems to be a need to encourage and support girls to cope
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with informatics problems. This is a particularly important task as self-confidence and
perceived self-efficacy seem to play a big role for students’ choice of further studies, as
Dagienė et al. quote Ashcraft et al. [41].

The limit of our study is that someparticipants could have based their self-perceptions
of IT ability on the score they had achieved in the test that they had just taken. In a
certain way, time delay between the test and the questionnaire could have influenced
perceived difficulty of contest tasks. While some responded to the questionnaire shortly
after completing the test, other responses were delayed or sent after being provided with
the correct answers, knowing whether their answers to particular tasks were right or
wrong. As only 5% of respondents completed the questionnaire after finding out which
questions they had got wrong, this aspect has a negligible influence on the results.

Further studies should focus on identifying factors that make participants perceive
contest tasks as being more difficult, features that have a positive impact on task pop-
ularity and the relationship between task popularity and perceived task difficulty. Such
factors could be connection of the story of the task with the world of a child, including
gender aspects, or connection of the theme of the task with a part of informatics or
elements of computational thinking. Other factors could be the attractiveness of interac-
tive tasks (in terms of visual aspect or user-friendliness) and potential laboriousness, for
example the assumption that a number of variations will have to be tested to determine
an answer or the need to fully understand the task instructions before anything else.

If we can understand the factors that cause participants to perceive task difficulty or
popularity in differentways,wewill be able to improve thewayweclassify task difficulty.
We will also be able to design or modify tasks to increase participant motivation and to
include the more useful ones in the school curriculum.
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28. Tomcsányi, P., Vaníček, J.: International comparison of problems from an informatic contest.
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