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Interest in the assessment of the quality of traditional educational techniques has grown, especially in relation to the

subjects like IT or Computer Science because Informatics tests carried out using computers enable us to evaluate the

quality of tasks using log-files. The study focuses of the assessment of difficulty and complexity of tasks for schoolchildren.

Based on the analysis of results of 6588 participants in the international informatics competition ‘Beaver–2012’, it is shown

that often usual a priori evaluation made by the organizers of the competition does not correspond to the task’s real

difficulty for the participant. A cluster of tasks the difficulty of which was underestimated was distinguished. The

correlation between the length of the statement and difficulty for primary school children was shown. In order tomake the

results of the test more valid, a way of dividing the tasks according to their difficulty and complexity was found. Based on

the method, recommendations for the organizers of the tests for general public were formulated in order to make the

measures of educational outcomes of computer engineering knowledge more valid and accurate.
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1. Introduction

1.1 Competition as a measuring procedure

Any competition in a school subject is in fact a test,
i.e., it represents a standard evaluation procedure.

During ‘‘The Beaver’’ on-line competition the com-

petence and skills of school children in Informatics

have been estimated. Mandatory test attributes are:

standard set of tasks, standard representation of
tasks, formal description of answers and processing

procedure, adequate test key. A test key is an

algorithm of mapping the protocol with answers

at some point on a scoring scale. The main require-

ment on the key is its matching with a measurable

feature [1]. Only upon availability of given attri-

butes one can make an objective evaluation of an
individual using a quantitative scale indicating the
evidence of measurable feature [2].
The simplest test key suggests the summation of

all ‘‘values’’ of performed tasks. The ‘‘values’’ of test

tasks may have the same or different weights.

There are two essentially different approaches to
determine a task value in the event of test with

differential values: a priori determination of task

‘‘weights’’ by organizers (experts) or an a posteriori

‘‘weighting’’ while taking into account the results of

test performance by participants. In case of an a

posteriori ‘‘weighting’’ a number of participants

who found the answer shall determine the weight

of task. The greater value shall be attributed to tasks
which have been performed by minority of partici-

pants.1 More complicated tasks are also supposed

to have greater weights in the event of an a priori

weighting.

With the most simple key administration (a

participant receives 1 point for any right answer

and null for a wrong answer) it was assumed,

according to [3], to present the tasks to participants
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1 For example, task weights during competitions on program-
ming are usually attributes in this way: http://codeforces.ru/blog/
entry/4172, http://contest.yandex.ru/cpr_rules.html
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in increasing complexity. It should be noted that an

a priori opinion on task complexity is required, at

least, to divide the tasks into several levels of

complexity.

When weighting a priori, the consistency of

competition results shall be defined by experts’
proficiency. [2] underlines that ‘‘it is not worth

being under an illusion that experts can truly

assess the complexity of tasks’’. According to him,

the best complexity measure is the statistics of real
answers given by real participants.

1.2 Methods for estimating task complexity and

difficulty

A task which is easy for one participant may be

difficult for another one. The task difficulty reflects

the relationships between a task and an individual

who performs it. To underline this feature many

authors separate the notions of ‘‘complexity’’ and

‘‘difficulty’’ [1, 4–6]. Complexity means a certain

objective feature of a task while the difficulty is
understood as a subjective feature, i.e. how a

participant interprets a task. While speaking

about the difficulty the authors focus on the indivi-

dual’s activity to perform a task—to analyze and to

process the information, to design and to make

decisions, to forecast consequences of their own

decisions and to build operation images and frame-

works [7, 8].
The task complexity may be measured upon

competition results by counting a share of partici-

pants who got right answers. A measurement or at

least evaluation of task difficulty requires serious

efforts.

The difficulty of a task for a subject contains their

mental workload (cognitive, informational, emo-

tional, attentional loads) and expenditures for their
own state control [6].

The most accurate methods of work load estima-

tion suggest measuring of various human factors. A

diagnostic procedure may be accomplished only

during ‘‘live’’ competitions with limited number of

participants. The procedure itself may be an addi-

tional stress factor for participants while increasing

their efforts to control their states [9]. Meanwhile, it
is only possible to assess the participants’ state of

remote competitions with the help of self-reflection

tests on their state during task performance. The

results of such questionnaires shall be adequate only

for senior school students because it will be difficult

for primary school children to make an objective

evaluation of their state andabilities [10].According

to [11], a child of primary school is at the stage of
concrete operational intellectual development.

Typically for this age, thinking restrictions affect

not only the cognition of outside world but the

manner of children to perceive themselves. It is

fair to start talking about conception thinking

building only by the age of 11–12 years.

Not only the appropriateness of self-assessment

bus also is the level of thinking process development

associated with the age. That is why primary school

children may not cope with solution of tasks that
require the operationwith abstract notions (and this

is natural!) [11].During the period from8 to 10 years

the capacity of memory is rapidly increasing, atten-

tion can be switched much better. So, even minor

disparity of years in this period may cause signifi-

cant differences of results when solving the same

tasks.

According to [5], the results of ‘‘human system’’
activity exhibit the relationship between the quality

of operation information (quality and quantity of

stimuli, coding, distribution etc.) and the capacity of

resources available [5]. In subject competitions the

attention load, the processes of short-term and

operative memory may be assessed with the diffi-

culty of the text of problem statement. Among

numerous ways of assessment of the difficulty of
text, according to [12], the most straightforward is

the length of the statement (number of stimuli to be

processed for solution).

According to [13], the workload may be a func-

tion of the level of difficulty and the number of tasks

to be performed within a unit of time. Using the

protocols of on-line competitions one can evaluate

theworkload of participantswith due accountmade
for the time spent by them to solve tasks as [14]

perceptively stated it.

The rules of ‘‘The Beaver’’ competition assume

the presentation by participants completing only a

part of tasks. In this case the participant’s refusal to

solve the task is to be considered as their assessment

of task difficulty upon binary rating scale (‘‘diffi-

cult’’—‘‘not difficult’’). Solved tasks are assessed by
a participant as ‘‘not difficult’’, while those that are

not solved—as ‘‘difficult’’. A share of participants

who found their task as ‘‘difficult’’ shall determine

the difficulty of a task for the whole body of

competition participants.

A prior estimate of tasks by experts (weighting)

shall be correct once both the task complexity and

difficulty are taken into account for participants of
each age group. Only analysis of the results of

competition one can establish whether the difficulty

has been really considered at weighting, whether a

prior estimate is in agreement with an objective

complexity.

It should be noted that some authors use the

notions of ‘‘complexity’’ and ‘‘difficulty’’ as syno-

nyms because not the content of mental processes is
fundamental for them, but is the execution—

whether a schoolchild can or cannot solve the task

[15]. Further on we shall differ the terms ‘‘complex-
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ity’’ and ‘‘difficulty’’ by highlighting them in bold.

If the matter is a complex evaluation with account

made for both parameters, we shall use the term

‘‘complexity’’ without highlighting it.

1.3 Research objectives

1. To evaluate the validity of measurement proce-

dure to be performed during processing of the

results of international competition in infor-

matics ‘‘The Beaver’’. To assess the quality of
a set of competition tasks and scoring method.

2. To estimate the adequacy of expert estimate of

task complexity. To compare various estimates

of task complexity and difficulty.

3. To classify competition tasks upon their com-

plexity and difficulty.

4. To evaluate age differences of task perceiving

by schoolchildren.

2. Methodology of the research

2.1 ‘‘The Beaver’’ competition: organization, tasks

selection

‘‘The Beaver’’ international on-line competition in

Informatics started in 2003. Russia took part in this

competition for the first time in 2012. The task pool

is prepared by representatives of participating coun-

tries. Out of this pool each country prepares its own
versions.

The competition inRussia is organized for six age

groups. The participants are proposed to solve the

tasks of three levels of complexity: for schoolchil-

dren of 1 and 2 grades—4 tasks for each group

(weighted of 3, 6 and scores respectively), for

schoolchildren of 3–10 grades—5 tasks for each

group (weighted of 6, 9 and 12 scores). 8 simple
and 7 complicated tasks (weighted of 9 and 12 scores

respectively) are proposed to senior schoolchildren

40 minutes are given for task completion. Every

wrong answer is fined, the penalty rate makes one-

third of task value.

Competition tasks are numbered, simple tasks are

of smaller order and complicated tasks have larger

numbers. The tasks of the same complexity are
randomly numbered (the order is different for

each participant). Participants may solve the tasks

arbitrarily, they may return to solved tasks.

Participants are to choose frommultiple answers,

three of them are wrong and one is correct. A

participant can choose the option ‘‘no answer’’. In

this case they will receive neither score, nor penalty.

Certain tasks prepared for students of 1–2 grades
are dynamic—certain actions with the mouse are

required to be made. These tasks will be scored in

the same way as others. A sum of scores and

penalties gained shall make the result of competi-

tion for each participant. Participant who gained

the highest results shall become winners in each age

group.

2.2 Scales and analysis

The protocol of competition where all participants’

actions are recorded shall be taken as a basic data

set. The time when a participant started his/her

work and the time spent for selection of every

answer is known. If a participant introduced succes-

sively several answers the last one is to be taken into

consideration when counting the results. The total

number of competition participants in 2012 was
6588 schoolchildren.

A number of scales have been used to evaluate the

complexity and difficulty of competition tasks.

Scale 1—scale of expert estimation. It is per-

formed upon three-point scale (1—simple, 3—com-

plicated) during the meeting of international

steering committee. In order to consider the esti-

mate as correct both the objective complexity and
difficulty of tasks should be taken into account.

Scale 2—share of participants who chose the ‘‘no

answer’’ option for a particular task. When the

answer is arbitrarily chosen out of 4 proposed

options, the probability (p) to choose a correct

answer makes 1
4
. In such case a mathematical

expectation of scores gained is p*x+ (1–p)*(–x/3)

= x (4p–1)/3 = 0 (where x – task value), that
coincides with total scores received when choosing

‘‘no answer’’ option. If one of the answers proposed

is rejected as certainly wrong, the probability of

arbitrary choice of a correct answer out of remained

options is greater than 1
4
and a mathematical expec-

tation of score gained for solving a task becomes

positive. So, a participant has no reasonable

motives to choose ‘‘no answer’’ button. The use of
this button may only be due to psychological

reasons – for example, a fear of failure (and penalty

for it) or an extreme lack of self-confidence, a fear of

task statement. As statistical expectation of score

may be hardly calculated by schoolchildren, the

choice of ‘‘no answer’’ option reflects their instinc-

tive presentation of relation between winning and

failing probabilities. In all cases the choice of ‘‘no
answer’’ option is the result of an interaction

between the schoolchild and the task, i.e. it features

the difficulty of a task for a participant.

Scale 3—share of participants who gave a correct

answer among those who decided to solve the

problem. It shall be determined upon completion

of a competition and shall contribute to proper

evaluation of the task complexity. We must under-
line that this is just a task complexity because it is

calculated only taking into consideration those who

decided to solve it, i.e. among those who evaluated

it as ‘‘not difficult’’ upon scale 2.
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Scale 4—number of symbols in problem state-

ment. This is an indirect assessment of task difficulty

because it relates to memory and attention loads.

Because scales 1–3 are ordinal, the comparison of

scale 1 with scales 2 and 3 has been made by using

Spearman’s correlation coefficient.
Clustering of tasks has been made by Ward’s

method while using Euclidean metric.

In order to assess the adequacy of scoringmethod

chosen for this competition and to evaluate the

quality of a set of competition tasks by using

Lilliefors test, the control of competition results

normality has been done. The following hypothe-

tical procedures have been implemented as an alter-
native to used scoring method (tasks of various

values set a priori with penalties for the wrong

answer):

� tasks of various values established a priori with-

out penalty scores for the wrong answer;

� tasks of the same value with penalty scores for the

wrong answer;

� tasks of the same value without penalty scores for

the wrong answer.

3. Results

3.1 Competition results

The normal-theory test of results of schoolchildren

(composite score you got) is rejected at a level of

significance p < 0.05 for all school grades except for

6th, 7th and 8th. The significance of Kolmogorov-

Smirnov test is given on Fig. 1 (row 1). For junior

(1–6) and higher (9–11) grades the distribution of

results has a positive skew, i.e. relatively few school-

children have shown high results, while the most of

them have low results.

An analysis of hypothetical versions of competi-

tion results estimation has shown that for all grades

from 3rd the scoring method used is the best out of
those with a priori estimation of tasks (Fig. 1).

Abolishment of penalties, when tasks have different

weights, and equalized tasks, when penalties are

available, make a real distribution of results insig-

nificantly worse. The most unsuccessful is the ver-

sion of tasks having the same weights without

penalties. For all tested hypothetical scoring meth-

ods even the distribution of results of 6–8 grades
becomes far frombeing normal.As far as it concerns

schoolchildren of junior grades (1–2) the situation is

quite different: a real scoring method proved to be

the least successful while penalty exception or

equalizing of task weights improves the distribu-

tion. It should be noted once again that only in three

of all considered cases deviations vs. normal dis-

tributions may be found incidental.

3.2 Task complexity and difficulty

Task assignments upon difficulty (scale 2) and

complexity (scale 3) are far from normal (Figs.
2A-B). The skewness factor of task complexity

distribution is positive while that of task difficulty

distribution is negative, i.e. tasks of low difficulty

prevail in competition but themost part of tasks are

of high complexity. There are test versions for all

grades where difficulty makes less than 10%. The

task of the lowest difficulty was found in a test

version for the 8th grade (1.1%) and of the highest

Ekaterina Yagunova et al.1144

Fig.1.Normality testofcompetitionresultsat realandhypothetical scoringmethods.Valuesof
Kolmogorov-Smirnov testaregiven for1—apriori assignmentofdifferentweights to tasksand
penalties for the wrong answer; 2—a priori assignment of different weights to tasks without
penalties for the wrong answer; 3—tasks having the sameweights with penalties for the wrong
answer; 4—taskshaving the sameweightswithoutpenalties for thewronganswer.Filledcircles
are distributions whose deviations vs. normal may be considered incidental at p < 0.05.



difficulty—in a test version for the 10th grade

(47.6%). The task complexity within test versions

for each grade varies from 10–20 to 80–90%. The

lowest complexity task was found in the 2nd grade

version (7.7%) and the one of the highest complex-

ity—in the 7th grade version (89.8%).

3.3 Adequacy of expert evaluation of task

complexity

Spearman’s rank correlation coefficients of expert

tasks evaluation (scale 1) with their complexity

(scale 3) and difficulty (scale 2) for participants
calculated for all competition tasks are significantly

positive (p < 0.01) and equal to 0.56 and 0.60

respectively. Table 1 exhibits rank correlation coef-

ficients of expert evaluation between their complex-

ity and difficulty for each grade. For junior grades

(1, 2, 3) versions there was no correlation of expert

evaluation of complexity with task difficulty

revealed. For grades starting with the 4th there is a
significantly positive correlation. The best concur-

rence of expert evaluation with task complexity has

been found for 1-2 grades. As far as it concerns the

versions for 7-8 and 11 grades the evaluation of task

complexity by organizers did not correspond to real

complexity of tasks for school students.

3.4 Task classification

By comparing the values of task complexity and

difficulty with the use of cluster analysis 4 clusters

have been marked (Fig. 3). Two clusters contain

highly complicated tasks while remaining two clus-
ters are of low andmedium complexity. There was a

cluster of tasks of high difficulty and the one of low

difficulty tasks separated among highly complicated

tasks. All tasks of low andmedium-case complexity

are of low difficulty.

3.5 Link between task statement length and its

complexity and difficulty

Table 1 shows correlation coefficients between the

number of characters in task statement (scale 4) and

its complexity and difficulty (scales 2 and 3). In
junior grades (from the 1st to the 4th) a significantly

positive link (p < 0.01) has been found between task

statement length and its difficulty (number of ‘‘no

answer’’ responses). Moreover the link between the

task statement length and its objective complexity

was revealed only for tasks of the 3rd–4th grades.

The questionnaire among the participants of the

competition was carried out in 2013. Two questions
were as follows: ‘‘I didn’t like some of the tasks

because: (a) they have too lengthy statements; (b)we

did not cover it at school; (c) the pictures were not

clear; (d) I had to be very attentive’’; ‘‘Sometimes I

refused to solve the task straightaway if I saw that

(a) the statement is too lengthy; (b) the task will take

too much time; (c) the task statement did not fit on

the screen; (d) we did not cover it at school; (e) I did
not refuse to solve any tasks, I tried to solve all the

tasks.’’ In each of the questions, one of the listed

choices had to be chosen. About 20% of more than

17000 participants responded to the questionnaire

(Table 2).

Most of the participants answered that they

‘‘tried to solve all the tasks’’ on the question of

which tasks they did not try to solve in the competi-
tion. The vastmajority of those who agreedwith the

thesis ‘‘I refused to solve the task straightaway’’

indicated as the main cause that the task will take
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Fig. 2. A. Distribution of competition tasks upon their difficulty. B. Distribution of competition tasks upon their complexity.

Table 1. Spearman’s rank correlation coefficients of expert evaluation of tasks complexity for each grade with their complexity and
difficulty. Correlation coefficients significantly at p < 0.05 are highlighted in bold

Grade 1 2 3 4 5 6 7 8 9 10 11

Task difficulty 0.41 0.46 0.51 0.67 0.53 0.76 0.76 0.76 0.63 0.79 0.84
Task complexity 0.74 0.8 0.62 0.64 0.59 0.57 0.28 0.25 0.62 0.66 0.49



toomuch time. The secondmost frequent cause was
the length of the statement. It was mostly chosen by

boys and junior schoolchildren.

At the same time, the high school children and

girls marked long statement to be the main cause

due to which they did not like the task. In the

younger children, the main cause is the demand of

high attention.

Therefore, we can see that too lengthy statements
cause additional effort for all the participants of the

competition. Too lengthy statement can be the

cause to refuse to solve the task for junior children,

while for the older ones it is not the cause to refuse to

solve the task, but it is the cause to dislike the task.

The task statement has bigger importance for boys

than for girls. They refuse to solve the tasks because

of too long statements more frequently. Also, the
males responded more often than the females that

they did not like the tasks with long statement.

The responses of the schoolchildren on the ques-

tionnaire confirm the result that the length of the

statement of the task is one of the characteristics of

its difficulty, especially for the younger pupils.

3.6 Age differences in task perception and

competition results

In each of the first five competition levels school-

children of two grades took part. The results of

comparison of junior and senior schoolchildren in
each pair of grades are shown in Fig. 5. At each level

(i.e. among schoolchildren who were solving the

same tasks) the results of younger participants were

lower (Fig. 5A). At that junior schoolchildren

assessed tasks difficulty of first-second levels of

competition as higher (i.e. they chose ‘‘no answer’’

response, Fig. 5B) and less high at fourth-fifth levels.

Tasks were complicated (number of wrong answers,
Fig. 5C) for junior children at all competition levels

except the first one. We have to note that it is not

correct to compare the results of children of differ-

ent levels because the number and sets of tasks

differed at different levels.

Table 3 indicates the task clustering by grades.

When comparing junior and senior grades within

competition levels we note that all tasks for senior
schoolchildren with a single exception are of the

same or of less complexity and difficulty. Only ninth

task of fifth competition level for juniors (9th grade)

is of low difficulty and of high difficulty for seniors

(10th grade), task complexity for all participants is

the same, and it is high.

4. Discussion

4.1 Validity of the measuring procedure

While considering both the distribution of competi-
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Fig. 3. Task clusters marked on the basis of comparison of their difficulty and complexity.

Table 2. The number and proportion of participants who responded to the questionnaire in each year

Year 1 2 3 4 5 6 7 8 9 10 11

Girls number 28 115 205 297 192 222 174 165 154 112 70
proportion 0.1 0.22 0.22 0.24 0.18 0.25 0.21 0.21 0.2 0.22 0.28

Boys number 20 96 220 291 218 231 211 201 249 166 119
proportion 0.08 0.19 0.24 0.24 0.2 0.24 0.22 0.22 0.22 0.21 0.29



tion results and the difficulty and complexity of
tasks, it is possible to conclude that complicated

tasks prevail in competition for school students. The

most adequate to participants’ level version of tasks

is the one for the 7th–8th grades where the tasks of

high complexity and difficulty do not make more

than a half of tasks. As a consequence, just the

distribution of competition results for schoolchil-
dren of the 7th–8th grades is close to normal while

in the test versions designed for the remaining

groups the task complexity is beyond the abilities

of participants.

Among different options of scoring supposing an

a priori weighting of tasks the option chosen by
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Fig. 4. Distribution of the responses of the schoolchildren on the questionnaire.

Fig. 5.Differences of results of junior and senior schoolchildren at each competition level. A.Differences of average score B.Differences in
assessment of task difficulty. C. Differences in task complexity. 95%-confidence interval of averages is given.

Table 3. Spierman’s rank correlation coefficients of task statement length and its difficulty and complexity. Correlation coefficients
significant at p < 0.05 are bolded

Grade 1 2 3 4 5 6 7 8 9 10 11

Task difficulty 0.90 0.83 0.77 0.78 0.17 0.13 0.04 0.06 0.10 0.04 0.14
Task complexity 0.37 0.36 0.77 0.78 0.29 0.32 0.18 0.20 0.13 0.01 0.23



organizers (tasks of different values, penalty scores

for wrong answer) is effective for a given set of tasks

for all grades starting with 3rd. For juniors the

introduction of penalty scores and task clustering

upon complexity is an unnecessary sophistication

which impairs the distribution of results which is
bad enough even without that.

Due to a significant right skewness of distribu-

tion of competition composite scores the selection

of winners and ranking of the strongest partici-

pants run at high point. Ranking of the main body

of participants is rough. A set of tasks used for this

competition could be more appropriate if its goal

was to select the best students. Taking into
account that the competition is aimed at the

general public in order to heighten the interest in

the subject and tailored for students of general

education schools a set of tasks must be consid-

ered far to be successful.

4.2 Expert estimation of tasks

As it was mentioned above, the most part of tasks

proved to be complicated for the majority of parti-

cipants. There is a possibility tomake some assump-

tions about the reasons for that basing on the results

of comparison of expert estimation of tasks and

their complexity and difficulty. As far as it concerns

the tasks proposed to junior pupils the correlation

between expert estimation and task complexity is
high and that one related to difficulty is insignif-

icant. The elder are pupils, the more precise was the

task assessment by organizers in correlation with its

difficulty set up in the protocol of competition.

However, the correlation between expert opinion

and task complexity was not always established in

tasks designed for senior students. That is to say the

experts do not evaluate sufficiently correctly the
difficulty of tasks for juniors and their complexity

for seniors. Our results confirm to some extent the

opinion of [5] that one of the components making

the task difficulty is its statement length. In junior

classes the tasks became significantly more difficult

with the increase in statement length. Perhaps just

this factor was not taken into account by experts at

estimating tasks for junior grades that resulted in
making the task excessively complicated. We sup-

pose that in junior classes it was just the statement

length (underestimated by organizers) that became

the factor that determined a large number of refu-

sals to solve simple in fact tasks, so the results of

measurement of knowledge and skills of juniors

have been mispresented. Because of lower level of

development of mental processes junior pupils mis-
understand long texts. It was proved that complex-

ity of text provokes loss of interest to its content [16],

therefore, tasks with too intricate statements should

be avoided.Another complicating factor is interface

peculiarities of a competition. Tasks containing

long texts may have not enough space to be pre-

sented on one screen. In this case to read it from the

screen some skills related to computer-literacy will

be needed (to know what ‘‘vertical scroller’’ means

and how to use it), as well as finemotor skills shaped
in a certain manner (to know to use a mouse).

For senior students the length of text is not an

extra complicating factor.Moreover, during educa-

tive process a personal experience to assess the

difficulty of a task by eye is being gained as well as

stereotypes to differ ‘‘difficult’’ and ‘‘simple’’ tasks.

That is why the tasks estimated by experts as

difficult prove to be such for senior participants.
Having made mistake with assessment of task

difficulty for junior schoolchildren, the experts

evaluated best of all the complexity of tasks for

them. As far as it concerns senior pupils the objec-

tive complexity of tasks did not coincide with an a

priori opinion of organizers. It probably means that

an objective complexity of a task is due to a large

extent to students’ knowledge. The knowledge of
senior students participating in the competition in

Informatics was overestimated by organizers. The

impression is that the experts were oriented to select

and estimate competition tasks for a standard

student of secondary school.

4.3 Tasks categorization

Tasks of lowdifficulty prevail in competition. Pupils

are more disposed to solve tasks than to choose ‘‘no

answer’’ version. As shown above, the selection of

‘‘no answer’’ version gives no advantage in scores

over a simple guessing. Even more interesting are

the tasks where a large part of pupils refused to find

a solution—these are tasks of second cluster. Most

of them were found in versions designed for junior
and senior students. We suppose that this cluster

contains nonstandard tasks that frighten pupils by

their presentation. The probability of giving a right

answer is instinctively assessed as extremely low

(this is not consistent with the reality—this prob-

ability makes not less than 1
4
). Three other clusters

containmore intelligible and/or ordinary tasks. The

most simple (tasks of low difficulty and complexity)
are those called in competition slang as ‘‘consola-

tion tasks’’, their solution is practically possible for

each participant. The availability of such tasks in

competition gives a positive emotion even to those

who solved few tasks. The number of such tasks

proposed for competition was negligible.

4.4 Age differences with regard to task perception

The above results show that one year age difference

of participants makes significant differences with

regard to the perception of the same tasks. Junior

participants of elementary schools are prone to

Ekaterina Yagunova et al.1148



assess tasks as more difficult and they are ready to

choose ‘‘no answer’’ version more often than senior

pupils. Elder pupils of elementary schools are prone

in the contrary to assess tasks as less difficult (Table

4). The complexity of tasks for younger pupils of

elementary school is in fact higher which becomes

apparent in larger number of wrong answers and it

is not surprising that it leads to lower results.

5. Conclusions

1. The tasks proposed for ‘‘The Beaver–2012’’

competition allow selecting the best students

but does not allow grading the main body of

participants. Different weights of tasks and

penalty scores for wrong answer enhance the

quality of measuring procedure for the 3rd–

11th grades but donotmake it accurate enough.
2. When preparing tasks for competition the orga-

nizers did not take into account the age differ-

ence of junior pupils, especially their low

capacity to understand long texts. The standard

of knowledge of senior pupils has been over-

estimated as well.

3. The proposed procedure of task clustering

allows identifying nonstandard tasks.
4. One year difference makes significant differ-

enceswith regard to perception of task difficulty

and complexity by pupils and, therefore, their

results.

Recommendations to competition organizers

� In general the competition needs to be simplified:

to increase the number of ‘‘consolation’’ tasks for

all grades. Nonstandard tasks for junior and

middle grades are to be simplified and more

carefully formulated. The tasks with long text

statements should be bypassed in junior classes.

� To think over the utility of ‘‘no answer’’ version.

Perhaps, it isworth changing the relation between

added scores and penalties or the number of

proposed answers, so as to add a more pragmatic

sense to ‘‘no answer’’ version.

� To think over the possibility to determine a
posteriori task weights while keeping the penalty

scheme for wrong answers. Such an approach

shall give a positive educative impact–the tasks

‘‘of value’’ shall not frighten at a first glance the

participants who are not self-confident. At the

same time a posteriori determination of task

values shall compensate experts’ mistakes at

their a priori assignment.
� If school students of different grades solve the

same set of tasks, the announcement of the results

of competition and the selection of winners must

be done separately for each grade.

� To record into protocols of competition not only

the time of answer introduction but the time spent

by a participant to resolve the task. By doing so it

will make alternative estimation of the tasks
difficulty possible.
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