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In this article, we attempted to examine the issue of the existence of differences in eye
move-ment of school-age students as they solve tasks of different difficulty levels in the
sciences and natural sciences (computer science, mathematics, physics, biology). Catego-
ries of the task’s difficulty level were established on the basis of two types of criteria:
subjective (an evaluation made by the subjects) and behavioural (connected to the correct-
ness of their solution). The relationships of these criteria with the visual activity parame-
ters, which were considered to be indicators of mental effort, were identified. An analysis
of the data obtained enabled the observation of discrepancies in categorizing difficulties of
the tasks on the basis of subjective and behavioural criteria. A significant and strong corre-
lation was noticed between task difficulty level, determined by the percentage of correct
answers, and the fixation parameters, although such a relationship with the blink parame-
ters was not found. There was no correlation of the activity of the eye movement parame-
ters, considered to be mental effort indicators, with a student’s opinion about the task’s
difficulty level. On the basis of the investigations made, it can be stated that the fixation
duration average can be taken as an index of the difficulty level of the task being solved..
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Introduction

Problem solving process

The task-solving process is conditioned by several
factors. It depends on both a field of knowledge and the
type of task and knowledge required as well as the skills
and experience of the person solving the task. Solving
tasks in mathematics, computer science and subjects in
the natural sciences (biology, chemistry and physics)
requires considerable mental activity, which is connected
to both an appropriate analysis of content (text and other
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elements, e.g., diagrams, formulas and charts) the activa-
tion of reasoning processes at an appropriate level and the
use of operational logic. The level of difficulty increases
when a task includes atypical elements, including: the
requirement to select more than one correct answer; an
excess, deficit or ambiguity of data; and a requirement to
solve a task in a way that differs from the typical methods
used. As Necka and associates (2013) note, a division of
problems according to simple-complex categories should
be distinguished from a division of easy-difficult prob-
lems, and the level of complexity of a mental model that
adequately describes a problem’s structure and its solu-
tion process is considered to be the most important crite-
rion of problem complexity. While the difficulty of the
problem they describe in terms of cognitive effort needed
to solve the problem.

Processes or cognitive resources that are activated or
used while solving problems, which can be indexes of a
level of their difficulty, are connected with the concept of
cognitive load. In the literature, different terms (cognitive
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load, mental workload, cognitive effort, mental effort)
and definitions of this concept (Chandler & Sweller,
1991; Pass & van Merrienboer, 1994) are used. Young
and Stanton (2001) described this idea in the following
way:

"The mental workload of a task represents the level of
attention resources required to meet both objective and
subjective performance criteria, which may be mediated
by task demands, external support, and past experience'.

Both internal and external factors have an influence
on the cognitive load level. The former are linked with
the mental effort that is required by information pro-
cessing, taking its structure and complexity and specifici-
ty to a particular field into account, whereas the latter are
connected with the way in which the information is pre-
sented (Sweller, 1994). An important issue in determin-
ing the level of a task’s difficulty is the measurement of
the cognitive load level. May and associates divided the
measures used by researchers into three main groups:
subjective, concerning an individual evaluation of the
load degree connected with task performance (mostly
according to the accepted scale); behavioural, connected
with the quality of task performance (e.g., speed, accura-
cy, correctness); and physiological, which include the
measurements of heart rate, breath or neuro-imagining
techniques (ERP, PET, fMRI) and eye-tracking methods
(May et al., 1990). Owing to the development of test
equipment that until now was used mainly in medicine,
psychology and biological sciences, there are new possi-
bilities for the application of physiological measurements
in educational investigations. More and more frequently
in research, which has been conducted in recent years,
specialized equipment, such as that for recording eyeball
movements, has been utilized by projects aiming to un-
derstand broadly defined learning process (Lai et al.,
2013). In the scope of the sciences and natural sciences,
among others, different aspects of the task-solving pro-
cess have been explained using this technique, (Suppes et
al., 1983; Hegarty et al., 1992; Verschaffel et al., 1992;
Tai et al., 2006; Nugrahaningsih et al., 2013; Stolinska et
al., 2014; Andrzejewska et al., 2015), including an evalu-
ation of the difficulty level of mathematical problems
(Susac et al., 2014).
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Eye movement parameters as indicators of mental
effort

Eye-tracking technology. Learning is mostly connect-
ed with the perception and processing of stimuli from the
environment. The most important sense (providing the
most information) is sight, and that is why an eye activity
became a subject of interest for neuro-educators. Visual
perception activities are responsible for the analysis,
synthesis and interpretation of images conveyed from the
retina by optic nerves to the visual centre in the cerebral
cortex. The attention system decides to select an object
and to direct the eyes to it on average three times a sec-
ond. As a result, eye tracking is considered to provide a
precise reflection of the interactions between the cogni-
tive processes and the visual external stimuli (Soluch &
Tarnowski, 2013).

Eye-tracking is the process of measuring of eye ac-
tivity. Most eye-trackers use infrared light from diodes
LEDs to illuminate the eye. Systems typically use the
relation between the corneal reflection, and the center of
the pupil to identify eye’s position (gaze direction).

Generally, eye trackers can be divided into two types:
remote and head-mounted. A head mounted solution is a
good choice for field studies. The laboratories used sta-
tionary systems and an integrated GUI provides real-time
information on a screen of researchers.

Technical specifications of devices are diverse. Tradi-
tional sampling rates is 60 Hz, but some new systems
provide up to 1250 Hz. High frequency measurement
does not guarantee its accuracy - the work must always
be started with calibration of the device. A calibration
procedure is required to compute the mapping between
the measurements and the eye orientation (Ramanauskas,
2006). During a calibration session, the participant fixates
on 7-13 points on the screen while the eye-tracker moni-
tors the eye.

Over the last twenty years, neurophysiologic and eye-
tracking techniques have been used frequently as meas-
urement methods of cognitive overload indexes in testing
the attention processes of drivers and pilots and also in
different problem-solving situations (Poole & Ball, 2005;
Tsai et al., 2007; Rosch & Vogel-Walcutt, 2013). From
an overview of the eye tracking of these investigations,
the most frequently used eye-tracking measures were
pupil dilation, a blink frequency, blink duration, a count
of fixations and fixation duration. Fixation is a state in
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which eyes fix on the object observed. The length of the
single fixation duration depends on information pro-
cessing and is approximately 150 msec to 1500 msec
(Steinman, 2004) although, for example, while reading it
is 200 - 250 msec (Rayner, 1998). Between the fixations
there is a saccade—a quick stepwise eyeball movement
connected with changes in the sight focus points.

Fixations and saccades. Longer fixation duration on
the image area is connected with difficulty in interpreting
the information present or a greater involvement in its
exploration (Just & Carpenter, 1976; Francuz, 2013). By
contrast, the image elements that are comprehensible and
those that do not contribute significant semantic informa-
tiveness are characterized by a shorter fixation duration
(Henderson & Hollingworth, 1998). This regularity was
also confirmed by many eye-tracking investigations, in
which the participants solved problems in the scope of
mathematics and physics. On this basis, it was found that
the more complex the problem, the longer the duration of
fixation or the greater their count (Rayner, 1998). It was
noticed that the average fixation duration was longer
when pictures of abstract character were viewed com-
pared to figurative pictures, which indicates that the ab-
stract pictures are subjected to deeper visual processing
and can be a source of a stronger cognitive involvement
connected with more difficult perception and interpreta-
tion of those works (Bataj & Szubielska, 2014). In anoth-
er research found that no relationship was shown between
the fixation duration and the difficulty of the task of ana-
lysing the information presented in pictures (Backs &
Walrath, 1992). Therefore, the relationships between the
fixation parameters and the cognitive load indexes are not
unequivocal, and they can depend on the type of task and
conditions in which a task is performed. Researchers
Goldber and Kotval (1999) used a fixation-saccade ratio
as the index, which provided information about preva-
lence of the information processing processes in relation
to searching. The parameter connected with saccade eye
movement, the maximum value of the saccade rate (Di
Stasi et al., 2010) that decreases with an increase in a
number of stimuli processed, was considered to be sensi-
tive to changes in the cognitive load. However, while
considering this index, it should be taken into account
that the maximum rate of the saccade reaction decreases
at approximately 1.5 grades per second [°/sec] for each
year over 20 years of age (Ober et al., 2009). Thus, the
studies should be conducted among people in the deter-
mined age range.
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Blinks and pupil dilation. By constructing an over-
view of the investigations on cognitive overload Poole
and Ball (2006) found, that not only were the parameters
of fixation and saccade considered, but the pupil dilation
and frequency of blinks were also considered to be im-
portant in the experiments and indexes of information
processing. This simultaneously indicated the susceptibil-
ity of those measures to the external factors, such as
lighting conditions and an experimental limitation result-
ing from this fact. It was determined that in fixed lighting
conditions with an increase in the difficulty of the task
performed, the eye increased in diameter and there was a
decrease in the count of blinks. Additionally, a high fre-
quency of blinks can indicate tiredness.

In the investigations conducted in the last years, it can
be noticed that there is an increasing interest in these
parameters, pupil dilation change especially is a popular
oculo-metric index of cognitive overload. Some research-
ers maintain that pupil size is a credible measure, even
when lighting conditions are not tightly controlled (Hal-
verson et al., 2012). An interesting index of the cognitive
overload based on calculating slight transitory pupil dila-
tions is Index of Cognitive Activity (ICA), developed by
Marshall (2002; 2007).

Blinking is a natural reflex which may, as proven by
the most recent research, plays an important role (apart
from eye movement) in the information processing. Three
types of eye blinks have been identified: reflexive, volun-
tary, and endogenous. Reflexive blinks are an instinctive
reaction to the airborne pollution and a natural reflex to
the noise that instills fear in people. Voluntary blinks are
fully controlled, conscious movements to express ac-
ceptance, while endogenous blinks are due to perception
and information processing, for example during speaking
or reading. The more attention required by a task, the
fewer endogenous blinks occur (Orchard & Stern, 1991).

The frequency of blinking is usually constant for each
person and it ranges from 3 to 25 times per minute, yet it
may increase in response to the external factors (such as
humidity and ambient temperature) (Schaefer et al.,
2009).

Also mental effort may radically change the frequen-
cy of blinks — a conversation and verbal prompts can
increase the rate of blinking. However, there are some
activities that definitely lower that frequency. It has been
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noted that reading decreases the frequency of blinks
(Stern et al., 1994).

Also, Oh et al., (2012) observed that when the diffi-
culty of the task varied, participants performed blinks just
before and just after the periods of maximum difficulty.
In general, blink rate decreases when more attention is
required to perform a task. Nevertheless, other research-
ers claim that the higher blink rate was only in a mental
arithmetic task, and this relationship was not found in a
process of reading a text. In their research, the two tasks
were of different nature in terms of the structure of in-
formation processing system (Tanaka & Yamaoka, 1993).
They conclude that the changes in a task should bear no
effect on the relationship between blink rate and task
difficulty. The researchers infer that the result for blink
amplitude indicated that this measure was a valid index
of arousal level. All these findings indicate that blinks
may be related to visual information processing.

Existing studies conclude that determining the level of
cognitive load on the basis of blink parameters, such as
the blink frequency and duration, is disputable. In this
light, different conclusions were drawn by the researchers
taking measurements of the cognitive overload of drivers
and pilots (Recarte et al., 2008; Veltman & Gaillard,
1998). Therefore, an application of the parameters of
blinks and pupil reaction for measuring the level of cog-
nitive overload requires further study.

Methods
This paper’s purpose

On the basis of the above literature overview, the fol-
lowing research problems have been formulated:

e How do school-age students evaluate task
difficulty level, and how does this evaluation
correlate with the percentage of correct answers
as a behavioural criterion of the difficulty?

e Do the tasks being solved differentiate the visual
activity parameters of the tested persons?

e What are the relationships (correlations)
between the eye activity parameters, the
evaluation of the task difficulty level and the
percentage of the correct answers provided by
the school-age students?
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o Are there any differences in evaluating the
difficulty level of tasks, correctness of their
solutions and the selected characteristics
(parameters) of the eye movement between the
differentiated groups of the tested school-age
students?

Participants

52 students in the third form of the lower secondary
school, including 25 girls and 27 boys, took part in the
experiment. The measurement particulars of 4 persons
were rejected for technical reasons, and 48 cases quali-
fied for further analysis. Among the students selected,
there was a group of prize winners of a physics competi-
tion — students showing above average aptitude in scienc-
es (high GPA), and this group consisted of 16 persons
and was marked as Competition students. Other persons
formed a group that was called Non-Competition stu-
dents. It was assumed that the “gifted” students would
assess the tasks as easier. Since the researchers sought
correlation between the subjective assessment and the
parameters of eye movement, such decision seemed sub-
stantiated. The eyesight of the subjects was normal or
corrected to normal, and all of them gave written consent
to participate in the experiment.

Procedure

Considering that factors such as stress, time pressure
or noise, and others coming from the environment can
influence the cognitive load of an individual, the experi-
ment eliminated or minimized them. Before and after the
basic examination (eye-tracking), the students held con-
versations with members of the research team, during
which they were informed of the experiment’s course.
Some aims of the conversations were to reduce stress
level, induce a positive attitude in the subjects and moti-
vate them to get involved in the task-solving process.
After the conversation, the students filled out the ques-
tionnaires.

The subjects solved tasks in the sciences and natural
sciences: mathematics (MATH1, MATH2), physics
(PHYS1, PHYS2), computer science (ALG1, ALG2) and
biology (BIO). Polya (1973) believes that solving the text
exercises requires certain thought operations that take
place in a few stages, and the first key phase, which de-
cides the success in solving a task, is understanding.
Some researchers distinguish this stage from the entire
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process of task solving and ascribe a separate measure-
ment of the mental effort to it (Kester et al., 2005). The
tasks solved in the experiments were designed in such a
way that the scope of the content was adapted from the
curricula of the particular subjects at a lower secondary
school education level. These were not abstract problems,
but similar to those the students had to solve at school.
This allowed to establish the differences in difficulty in
the opinion of the very students (and not solely the exper-
iment administrators). Moreover, the formulated task
content was illustrated with appropriate charts, diagrams
and other necessary graphic elements that not only sub-
stantively supplemented a verbal description, facilitating
the understanding of the text for students, but they also
performed a stimuli motivating function and encouraged
solving of the task.

Each test was individually designed. The proper eye-
tracking experiment was performed by providing intro-
ductory instruction, and then calibration and other activi-
ties were conducted to ensure the appropriate perfor-
mance of the measurements. During the experiment, all
persons were provided equal environment conditions,
such as temperature and sound-proofing. During the
experiment, the tasks the students solved without the aid
of stationary were presented on the subsequent slides.
Each task required an analysis of the content of the in-
struction and appropriate illustration. The time for task
solving was not limited, and each student worked at
his/her own speed. The sequence of the tasks was the
same. The subjects indicated actions by a mouse click
and orally provided their answers.

Eye-tracking apparatus

In the experiment, an eye-tracker from the firm of
Senso Motoric Instruments iViewX™Hi-Speed500/1250
was used, and it records a stream of data with time reso-
lution of 500 Hz, recording parameters such as coordi-
nates (coordinates x i y) of the sight position, pupil dila-
tion (a relative and absolute measurement), and parame-
ters of saccades and fixations. Spatial accuracy of the
equipment is 0.1°, the calculation delay is less than 0.5
msec, and the system delay is less than 2 msec. The inter-
face structure used in this system enables keeping the
head motionless without limiting the subject’s field of
vision. The results were processed using SMI BeGazeTM
2.4 software.

Andrzejewska, M., & Stolifiska, A. (2016)
Eye-tracking and the tasks difficulty

Results and discussion

To analyse the measurement data, researchers used an
analysis of variance with a repeated measurement where
the type of task was a factor (intra-group) of the repeated
measurement, and the status of the tested student was an
intergroup factor. The dependent variables were the eval-
uation of the difficulty level of the tasks by the students,
the correctness of a task solution and the selected charac-
teristics of eye movement.

An evaluation of the difficulty level of the tasks by
the students

The students evaluated the level of difficulty of the
task being solved by answering a questionnaire, in which
they gave an answer to the question: Evaluate in the scale
from 0 to 10 (where 0 — very easy, 10 — very difficult) to
what extent the tasks you solved were easy/difficult. To
avoid mistakes, each of the tasks were presented in a
miniature form of the original slide in the questionnaire.
The task’s difficulty level was measured using Likert’s
eleven-point scale, and on this basis the following catego-
ries were determined (see Table 1).

Table 1
The assumed categories of the task difficulty level.

Range of points Task difficulty level

<0-2) very easy (1)

<2-4) easy (2)

<4-6) moderately difficult (3)
<6-8) difficult (4)

<8-10> very difficult (5)

On the basis of the values of basic descriptive statis-
tics (see Table 2), it can be stated that among the task
presented, none was categorized into the two extreme
categories: very easy or very difficult. The students found
the algorithmic task difficult (ALG2 mean=6.35), and
according to them, one of the tasks in physics (PHYS1
mean=3.71) and one mathematical task (MATH1
mean=3.83) were easy.

The analysis of variance showed that differences in
evaluating the difficulty level of the particular tasks are
significant [F(6,276)=8.09, p < 0.001], and the Scheffe’s
test (p <0.01) confirmed the difference’s significance
between algorithmic task ALG2 and all others, except
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task ALG1, which was significantly more difficult than
task PHYS1 (p=0.033).

Table 2
An evaluation of the task difficulty level by the students (N=48).

Task Mean SD Task difficulty level
PHYS1 3.71 2.66
easy (2)
MATH1 3.83 2.73
BIO 4.25 2.88
MATH2 4.35 2.71
moderately difficult (3)
PHYS2 4.35 2.61
ALG1 5.38 2.69
ALG2 6.35 2.89 difficult (4)

The results are presented in Figure 1, where the dif-
ferences between the differentiated groups of the subjects
are also shown, and they also turned out to be significant
[F(1,46)=29.08, p <0.001]. The average students (Non-
Competition mean=5.41) considered the tasks much more
difficult than the competition laureates (Competition
mean=2.99).

DIFFICULTY
o -~ N w s N m N @ ©

5= NON-COMPETITION
=J= COMPETITION

ALG1 ALG2 BIO PHYS1 PHYS2 MATH1 MATH2

Figure 1. An evaluation of the task difficulty level — differences
between the groups: Competition and Non-Competition
Students.

Answer correctness as an indicator of the task

difficulty level

The second criterion that was taken into account was
the results obtained by the students (the behavioural crite-
rion). The task’s difficulty was linked to the percentage
the correct answers provided. The difficulty scale used
for the task is presented in Table 3.
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Table 3
The assumed categories of the task difficulty level.

% correct answers Task difficulty level

0-19 very difficult (5)

20-39 difficult (4)

40 -59 moderately difficult (3)
60-79 easy (2)

80-100 very easy (1)

As shown in Table 4, the lowest percentage of correct
answers was provided for the task in mathematics
MATHL1 - 25%, and a very near value was provided for
the algorithmic task ALG1 - 27%. In the group of diffi-
cult tasks, there was also a second mathematical task
MATH2 - 38%. The highest percentage of the correct
answers were found for the biology task BIO - 76% and
the second algorithmic task ALG2 - 63%.

Table 4
The percentage of the correct answers as a criterion of the task
difficulty level (N=48).

Task % correct answers ~ Task difficulty level
MATH1 25
ALG1 27 difficult (4)
MATH2 38
PHYS1 42 .
moderately difficult (3)
PHYS2 44
ALG2 63
easy (2)
BIO 77

The analysis of variance showed that there were sig-
nificant differences in the number of correct answers
within  particular types of tasks [F(6,276)=9.28,
p <0.001], and the Scheffe’s test confirmed significant
differences in the results obtained by the subjects be-
tween the BIOL task and all others (p<0.01), except
ALG2 (p=0.784), which was significantly easier than
ALG1 or MATH1 (p<0.01).

The percentage of the correct answers in the average
students group (Non-Competition mean=0.31) was more
than two times lower than that in the laureate group
(Competition mean=0.72). This difference was signifi-
cant [F(1,46)=39.835, p <0.001]. The differences be-
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tween the groups in terms of particular tasks are present-
ed in Figure 2. As can be seen, the highest discrepancies
are observed in the tasks in the field of physics (PHYS1:
Non-Competition mean=0.18, Competition mean=0.88,
PHYS2: Non-Competition mean=0.24, Competition
mean=0.82), which seems to be understandable, consider-
ing how the groups were divided.

140%

120%
100% f
80%
60% [

40%

CORRECT ANSWERS

20%

—f— COMPETITION

0% |

—$ NON-COMPETITION

-20%

ALG1 ALG2 BIO PHYS1 PHYS2 MATH1 MATH2
Figure 2. The percentage of correct answers — differences
between the groups: Competition and Non-Competition
Sstudents.

The results obtained on the basis of this indicator
turned out to be inconsistent with ones obtained accord-
ing to the subjective criterion discussed earlier (compare
with Figure 3). The greatest differences were in the case
of the algorithmic ALG2 task, which, according to the
students, was the most difficult, although it obtained the
second highest indicator of correct answers. A similar
contradiction occurred in the case of mathematical task
MATHZ1, which obtained the lowest percentage of correct
answers but in the students’ opinion was one of the two
easiest tasks.

The divergences obtained are compatible with the re-
sults of other studies in which the subjective (here criteri-
on 1) and behavioural (here criterion 2) measures were
used. While analysing this problem in their work, May
and associates (1990) emphasized that although in many
investigations the significant correlations were obtained
from the subjective evaluation indicators of workload
when the tasks were solved, they did not frequently corre-
late with the objective measures (the obtained results).

The fact that while solving the tasks, the students se-
lected the correct answer from a list of available catego-
ries, or in the case of the second criterion, both the num-
ber of the categories and whether the task answer was
single or multiple choice, also determined its difficulty.
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Figure 3. The task difficulty level according to the determined
criteria.

Tasks (MATH1, MATH2, ALG1) that were the most
difficult according to the second criterion required the
indication of two correct answers out of four. The moder-
ately difficult tasks (PHYS1, PHYS2) were in the form of
a single-choice question with 5 distractors. The easy tasks
required indicating one answer out of two (ALG2) or four
(BIO). Therefore, a distribution of the results obtained
according to the second criterion (the answer correctness)
reflects the task difficulty level that also results from the
assumed number of distractors.

The correlation between the mean evaluation of the
difficulty level of the whole task set and the percentage of
the correct answers provided by the students was moder-
ately strong r=-0.40 and statistically significant (p<0.05).
The sign of this coefficient means that the higher the
student evaluated the difficulty level of the task being
solved, the lower the percentage of correct answers
he/she obtained.

The oculomotor parameters as indicators of mental
effort

The eye activity parameters, which, according to the
literature overview on this subject, are considered to be
indicators of information processing processes and cogni-
tive overload, are connected with the following: pupil
dilation, blinks and fixations. It has been assumed that
value differentiation of these parameters can be an indica-
tor of the differential level of task difficulty. Because
during the experiment no tight control of the lighting
conditions was provided, blink parameters — Blink Fre-
quency ([count/sec]), Blink Duration Average ([msec]),
Blink Count — and the fixation parameters — Fixation
Duration Average ([msec]) and Fixation Frequency
([count/sec]) — were selected as dependent variables for
further analysis.
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A disadvantage of using subjective methods is un-
doubtedly the fact that these methods are limited only to
evaluating conscious aspects (elements) of the tasks be-
ing solved, and neglect the information processing as-
pects, which have an automatic character, but they load
the cognitive system (May et al. 1990). Considering the
above statement, a question was formulated to identify
whether the differences that were found between the tasks
and the groups (the students and the competition laure-
ates) in the results obtained by the subjective and behav-
ioural measures would also be identified by the eye-
tracking parameters.

Blinks. In the blink parameter analysis, a stage of the
experiment in which the subjects rested while listening to
relaxing music was also included. In the case of the blink
frequency (Blink Frequency [count/sec]), the analysis of
variance showed that there were significant differences
between the particular tasks [F(7,322)=2.114, p=0.042],
and the HSD Tukey test (p=0.022) confirmed the signifi-
cance of the difference between the first (ALG1
mean=0.24) and last (MATH2 mean=0.39) task. A ten-
dency toward an increase in the blink frequency average
in the subsequent tasks and its higher value during the
relaxation in relation to the previous task can be seen in
Figure 4. This regularity is probably a sign of visual ap-
paratus tiredness, which progresses while the subsequent
tasks are being solved. It was also observed in other re-
search (Fukuda et al., 2005). The blink frequency in-
creases in situations of a decrease or lack of visual stimuli
was also confirmed in other investigations, and this fact
was interpreted in the following way: it seems that you
may blink more frequently because in this specific situa-
tion, it will not be connected with the loss (omission) of
visual information (Nakano et al., 2009; Ledger, 2013).

=
=3

o
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o
S

o
w

o
]

BLINK FREQUENCY [countisec]

=

ALGT ALG2  BIO  PHYS! PHYS2 RELAX MATH1 MATH2
Figure 4. The blink frequency - a distribution of the mean
values for the particular tasks and the relax time.

The ordinary students (Non-Competition mean=0.34)
blinked more frequently on average than the competition
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participants (Competition mean=0.27), although these
differences were not significant [F(1,46)=1.107,
p=0.298].

The average blink duration was a strong differentiator
of the relax phase. The mean values of this parameter
(Blink Duration Average [msec]) while solving tasks
ranged from 188 msec (for task ALG2) to 212 msec (for
task MATH2), but in the relax time they were found to be
longer and lasted 313 msec on average. The variance
analysis [F(7,322)=15.294, p<0.001] and Scheffe’s test
(p<0.001) showed that there were significant differences
between the relax phase and the stages of solving the
particular tasks for that parameter. During proper solving
of the tasks, the blink duration average was similar.
Therefore, it was not a parameter dependent on the type
of task. No differences between the distinguished groups
were observed [F(1,46)=1.373, p=0.247]. The results
obtained are presented in Figure 5.
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Figure 5. The blink duration average — a distribution of the
mean values for the particular tasks and the relax time.

In the case of the blinks count, the variance analysis
showed that there were no significant differences be-
tween the particular tasks [F(7,322)=1.835, p=0.080] and
between the average students and the competition laure-
ates [F(1,46)=0.642, p=0.427]. Thus, this parameter of
eye activity does not depend on the type of task being
solved and participation status in the experiment (see
Figure 6).

BLINK COUNT
1%}
S
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=4 NON-COMPETITION
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Figure 6. The blink count - a distribution of the mean values for
the particular tasks and the relax time.
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Fixations. The fixation duration average was significantly
differentiated for the particular tasks [F(6,276)=65.084,
p<0.001].

320
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Figure 7. The fixation duration average - a distribution of the
mean values for the particular tasks.

The highest value of this parameter can be observed
in the case of the task MATH1 (mean=293.04 msec).
This is the result in which the Scheffe’s test deviates and
is statistically significant (p<0.001) from all other tasks.
Undoubtedly, while solving this task the subjects showed
the highest processing level of data registered by the eye
(see Figure 7).

The mean value of the parameter in question was very
similar (almost equal) in both groups tested
[F(1,46)=0.001, p=0.976] - (Non-Competition mean=247
msec) and (Competition mean=248 msec); therefore, both
the students and the laureates showed a comparable level
of visual information processing.
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Figure 8. The fixation frequency - a distribution of the mean
values for the particular tasks.

Similar results, indicating a differentiating status of
task MATH1, were obtained for the parameter of fixation
frequency [count/sec] (compare Figure 8), the value of
which definitely decreased in this task and can be inter-
preted as a prevalence of the processing processes over
the searching of a visual scene. The variance analysis
showed significant differences within the particular tasks
[F(6,276)=72.49, p<0.001] and a lack of differences
between the groups in question [F(1,46)=0.009,
p=0.976].

Correlations. Looking for relationships between the
eye-tracking parameters and the criteria discussed earlier,
in the first step, correlations between the task difficulty
level evaluation (criterion 1) and the obtained results
(criterion 2) and the eye-tracking parameters discussed
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above (Blink Count, Blink Frequency, Blink Duration
Average, Fixation Frequency, Fixation Duration Aver-
age) were investigated.

Table 5

The Pearson’s correlation coefficient for the selected eye-
tracking parameters and the evaluation of the task difficulty
level and the results obtained.

BC BF BDA FF  FDA
All 0.15" 004 011" -0.14" 0.0
Sub-
Jective - 0,49* 0,22° -0,08 -023° 0,18
diffi-
culty .
N-C 0,04 0,04 015" -0,07 0,08
All 0.11 012° 013" -047" 042
Cor-
oc 011 016 018 -051" 047"
swer
N-C 011 011 011  -044" 040"

Note. BC - Blink Count; BF - Blink Frequency (count/sec);
BDA - Blink Duration Average (msec); FF - Fixation
Frequency (count/sec); FDA - Fixation Duration Average
(msec); C-Competition group, N-C - Non-Competition group;
*p<0.05

As presented in Table 5, the correlations of the fixa-
tion and blink parameters with the opinion of the all stu-
dents about the task difficulty level (criterion 1) are rather
weak, and they only turned out to be significant in some
cases. However, three parameters displayed differences
within the tested groups; they consisted in Blink count
and their frequency as well as the frequency of fixation —
within the Competition group the correlation for blink
count factor is both significant and quite strong (r=0.49).

The negative value of the coefficients of the difficulty
level of the tasks measured according to criterion 2 (an-
swer correctness) and the fixation frequency (r=-0.47)
should be interpreted as a decrease in the oculomotor
activity in the situation of an increasing level of task
difficulty. There was simultaneously a positive correla-
tion of this parameter and the fixation duration average
(r=0.42), and this indicator was determined to be a meas-
ure of the level of involvement in data processing (com-
pare Table 5).

A significant and quite strong (r=0.49) correlation of
the Blink Count and the subjective level of difficulty
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within the Competition group inspired the authors to
check the correlation coefficients of those parameters as
noted in the particular tasks. As shown by the results
listed in Table 6, the obtained coefficients for almost all
tasks in the Competition group (except two) displayed
high values, indicating strong interdependence of the
discussed parameters. At his point, it should be noted that
the Blink count in both groups was relatively strongly
and significantly correlated with the time of performing
the task (Competition r=0.67, Non-Competition r=0.43,
p<0.05).

Table 6

The Pearson’s correlation coefficient for the Blink Count
parameter and the evaluation of the task difficulty level for the
particular tasks.

ALGl ALG2 BIO PHYS1 PHYS2 MATH1 MATH2
All 004 022 011 018 020 028 0.06
C 017 06* 025 052* 062* 074* 063*
N-C 0.08 016 -0.01 012 007 014 -0.11

Note. C-Competition group, N-C - Non-Competition group;
*p<0.05

Which other eye-tracking parameters correlate the
strongest with the task difficulty criteria in question? On
the basis of Table 7, it can be stated that there are no
strong relationships between the subjective evaluation of
the task difficulty level made by the students and the eye
movement indicators for all of the experiment partici-
pants. Just like in the previous cases, the differences were
found among the tested groups and the correlation was
much stronger in the Competition group.

Table 7

The Pearson’s correlation coefficient for the selected eye-
tracking parameters and the evaluation of the task difficulty
level and the results obtained.

ET BDT FC FDT SL SC
All 029" 021" 028" 029" 024" 0.25°

Sub-

Joeve 052" 047" 050" 050" 051" 045"

culty . . . R .
N-C 024" 011 025" 026" 021° 0,20
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Al 000 020" -014° -001 -015 -016"
Cor-
et C 002 019 -012 002 -018 -0,18
swer . . . .
N-C -002 021" -015" -0,03 -014" -0,16
End
Time Al - 058 096" 099" 088 091"
[msec]

Note. ET - End Time (msec); BDT- Blink Duration Total
(msec); FC -Fixation Count; FDT - Fixation Duration Total
(msec); SL - Scanpath Length (px); SC- Saccade Count; C-
Competition group, N-C - Non-Competition group;*p<0.05

The parameters that for all subjects correlate positive-
ly and for which the correlation coefficient value is over
r=0.2 are task performance time, scan path length, total
fixation duration, total blink duration, a count of fixations
and a count of the saccades. It should be emphasized that
all those parameters were strongly positively correlated
with task solving duration (the correlation coefficient in
the range from r=0.58 to r=0.99). This relationship be-
tween the scan path length and the total fixation duration
is presented in Figure 9. The analysis showed no differ-
ences among the groups in terms of the second criterion.
Blink Duration Total was the only parameter among the
tested batch whose coefficient correlation value with
Criterion 2 reached r= 0.2

1,4E5

1,2E5

1E9

80000

60000

40000

20000

== END TIME [msec]
SE FIXATION DURATION TOTAL [msec]
== SCANPATH LENGTH [px]

ALG1 ALG2 BIO PHYS1T PHYS2 MATH1  MATH2

Figure 9. A comparison of the selected eye-tracking parameters
for the particular tasks.

The finding, which seems to be justified, is a state-
ment that the task-solving time and the derived eye-
tracking parameters are indicators of the task difficulty
level, which correlates positively with the subjective
evaluation of the task difficulty level provided by the
students.
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Conclusions

To sum up the obtained results, it should be stated that
by using the measures mentioned (subjective feelings of
the students and the index of task solvability), other clas-
sifications of the task difficulty level were obtained and
in the case of two tasks, they turned out to be extremely
different. Moreover, no correlation between eye move-
ment activity parameters, considered to be an indicator of
mental effort, and the opinion of all the students about the
task difficulty level was observed. It should be noted that
there were differences in groups of parameters of Blink
count, which was significantly and strongly correlated
with the opinion on the level of difficulty of majority of
the solved tasks.

A correlation (significant and not strong) occurred in
the case of the opinion of the students and task-solving
time and the derived eye-tracking parameters. There was
a significant and rather strong correlation between the
task difficulty level determined on the basis of the per-
centage of correct answers and the fixation parameters,
whereas such a relationship was not observed for the
blink parameters. An analysis of the results showed a
presence of significant differences in the distinguished
groups (the average students and the competition laure-
ates) in the scope of the first two criteria — the average
students found tasks more difficult, and the percentage of
the correct answers among them was two times lower
than among the competition laureates.

It seems that each task difficulty measure in question
(subjective evaluation, an objective result of solution
correctness and an activity of the vision apparatus) con-
cerns another dimension of the phenomenon examined.
The subjective evaluation is connected with the individu-
al’s perception of a specific task, which is influenced by
many factors, among which the knowledge and skills of
the student are the most important. The obtained result
(answer correctness) verifies (negatively or positively)
the individual’s opinion, and it seems to be the most
objective measure of task difficulty. Eye-tracking
measures were taken that were thought to be indicators of
the mental effort, which in many investigations were
analysed in the situation of the differentiated difficulty
levels of different types of tasks. This idea was described
earlier in the literature overview.

The cognitive overload has a multi-dimensional char-
acter, and the studies note the sensitivity of different
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classes of the eye activity parameters (including blinking,
a pupil reaction, the eye movement parameters) to its
different specific aspects (Chen et al., 2011). The per-
formed analysis of the blink parameters did not allow for
the drawing of unequivocal conclusions about the levels
of difficulty of the tasks being solved. The blink duration
average, except at the relax stage, was not significantly
differentiated while solving specific tasks. A tendency
toward a blink frequency that increased as time pro-
gressed (experiment duration) may be connected with
increasing tiredness of the visual apparatus. The differen-
tiation of the blink count value in the scope of the par-
ticular tasks was not significant, and it was moderately
strongly, positively correlated with the time of perfor-
mance of the particular tasks. The obtained results do not
indicate that the variability of blinks is not directly con-
nected with the task’s difficulty level, and the results are
compatible with the conclusions of other researchers
(Brouwer et al., 2014). They support the thesis that the
blink parameters depend on the task specificity and
unique processes of information processing connected
with it (Takana & Yamaoka, 1993). Sensitivity of the
blink parameters appears, first of all, in the case of prob-
lems in the character of a change detection task or a vigi-
lance task, in which input stimuli appear in the vision
field (Neumann & Lipp, 2002). Considering the obtained
correlations of eye-tracking measures and the criterion of
the task solution correctness, the fixation duration aver-
age may be treated as an indicator of the difficulty level.
Those results are compatible with the results of other
experiments in which the above values of this parameter
were confirmed in the situations of increased cognitive
load (Chen et al., 2011; Debue & Leemput, 2014).

It should be emphasized that determining the task dif-
ficulty level is an important educational issue, which is
relevant when constructing scaling and grading criteria. It
is especially significant when verification is not a repro-
duction of memorized information, but the solving of
tasks that requires information processing at a higher
level and involves different cognitive mechanisms.
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Appendix

The example tasks analysed in the article

Ktory zestaw danych wejsciowych spowoduje, e algorytm przedstawiony na schemacie
nie zakonczy sie na bloku koncowym Stop? Poprawna moze by¢ wiecej niz jedna odpowiedz.

Legenda

+  dodawanie

* mnoZenie
I dzielenie
= rowny

== wigkszy lub rdwny

A. B. [ D.
x=10,y=-10 x=100,y=-1 x=10,y=10 x=-10,y =-10

Figure 10. Task ALG1.

Wykres przedstawia zaleznosé szybkosci (v) od czasu (t) w ruchu dwéch pojazdéw (1, I1).
Ktora z informacji odezytanych z wykresu jest bledna?

W [rrs]a

10 | "/

54 Il
'I2 dl- é é 10 lfl'ﬂi'l]
A, B. C. D. E.

Pojazd Il W przedziale Szybkosci Pojazd Il Droga przebyta
poruszal sig z czasu 0-10 pojazddw dogonit przez pojazd |
przyspieszeniem min, diuzsza Zrownaly sie pojazd | po 10 jest dwukrotnie

o wigkszej droge w chwili minutach diuzsza niz
wartosci przejechal t=10min jazdy droga przebyta
pojazd | przez pojazd Il

Figure 11. Task PHYSI.
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Wskaz wszystkie poprawne odpowiedzi do zadania.
Moze byé wiece] niz jedna poprawna odpowiedz.

Kolejne figury zbudowano z zapatek zgodnie z pewna regula.

[ ] []
0 O

Z ilu zapatek bedzie zbudowana siodma figura?

A. B. C.
T+7 22 16 2-

~ o

2

Figure 12. Task MATHI.
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