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Abstract. Usability testing today comprises quantitative and qualitative
approaches. Within the former, factors that shape test results include four major
ones put together within the ‘contextual fidelity’ model. These factors include
product features, task complexity, user traits (including cultural belonging and
gender), and experiment settings. However, most usability tests only consider one
or two, not four of them. Our earlier research [1] has shown that, when four fac-
tors are assessed in parallel, cumulative impact of all of them makes test results
highly diverge. Our current study complements this research by showing how
usability tests diverge when task complexity varies highly. Another gap in usabil-
ity research is that they miss the point in their final target, as they measure relative
efficiency of interfaces for various groups of users but do not study formation
of dysfunctional psychological states that critically prevent efficient Internet use
and task performance. This happens despite the growing evidence of mental harm
brought by interfaces to, e.g., youngsters’ health or office workers. By testing 60
assessors in either groups or individually on tasks that induce dysfunctional states,
namely monotony and anxiety, and introducing tasks of varying complexity, we
show that excessive cognitive load leads to rapid rise of user dysfunctionality.
Our results suggest that anxiety reduction in real-world tasks may not be reached
by reducing task complexity. We recommend group performance on monotonous
tasks and individual performance on anxiety-inducing tasks. By that, we illustrate
our doubt of the possibility to reach any ‘objective’ results of usability tests; the
latter need to be treated as fundamentally conditioned by the contextual fidelity
factors. This has two consequences: First, usability testing needs to be conducted
in accordance with prospective goals of interface use; second, multi-functional
interfaces of general use need to pass through multiple usability tests that would
combine contextual fidelity factors in various ways.

Keywords: usability · usability testing · contextual fidelity model · user states ·
dysfunctional state · monotony · anxiety · interface · human-computer interaction

1 Introduction

Usability testing today comprises quantitative and qualitative approaches. Quantitative
studies use objective measurements and aim at assessing both objective user performance
and subjective user satisfaction, also measured by standardized instruments, unlike in
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qualitative studies where assessment is often based on user narratives about human-
computer interaction (HCI) experience.

Quantitative usability research has gradually accumulated knowledge on factors that
critically affect (and, thus, may highly distort) the results of usability tests. Beside the
qualities of the tested product itself (say, more or less harmonious interface design
or more or less efficient navigation), task features, user traits, and experiment settings
have been shown to highly influence test results. Several scholars have urged the research
community to take these factors into account [1–5], as they were seen as key in the search
for the optimal usability testing model. The four factors – product features (including
web aesthetics), task features (especially task complexity), user traits (including socio-
demographic features and cultural belonging), and experiment conditions (especially
individual/group testing) – have been united in the so-called ‘contextual fidelity’ model
[6] which we will below describe in more detail. However, this model, despite being
formulated over a decade ago, has not gained proper popularity among the usability
researchers. Most quantitative studies of usability, including those utilizing eye tracking
and other instrumental facilities, have ignored the complex character of impact of the
‘contextual fidelity’ factors and habitually use research designs that employ only one or
two factors and disregard their potential cumulative impact.

Another research gap that is extremely wide in usability testing in both academe and
industry is the ultimate goal of testing. Most research aims at detecting some optimal
features of interfaces that would allow for optimal, most efficient interface use (the best
objective performance), as well as for the best levels of subjective user satisfaction.
However, the other end of the quality spectrum is rarely taken into consideration. This
other end is manifested via user states of critically low functional efficiency. Meanwhile,
the theory of user states that comes from psychology of professions [7–11] has already
formulated the concept of dysfunctional user states that critically prevent efficient work
performance. Despite the growing evidence of negative impact of interface use upon
mental states of younger audiences, office workers, or high-risk interface-dependent
professionals (like military pilots), dysfunctional user states have not been the major
focus of usability studies.

In 2022, we have contributed to today’s usability research by uniting these two
research gaps and showing that certain combinations of ‘contextual fidelity’ factors
could lead, first, to significant differences in testing results and cumulative effects that
arose from those combinations of influences and, second, to formation of dysfunc-
tional user states [1]. However, in our previous research pipeline, tasks only varied one-
dimensionally, as they induced two opposing dysfunctional states, namely monotony
and anxiety. Today, we expand this research by making tasks vary multi-dimensionally.
The second dimension will be task complexity, which will vary significantly, while the
tasks will still aim at inducing dysfunctional states. To this, we add variations in exper-
iment conditions, setting either individual or group test conditions for our assessors, as
our previous research suggested that group conditions could compensate for or diminish
the level of dysfunctionality that formed during the tests. Combining these two factors
would better explain how task complexity relates to user dysfunctionality in various
conditions of interface use.



472 A. V. Yakunin and S. S. Bodrunova

To reach this goal, we test 60 assessors in either group or individual setting on tasks
that induce dysfunctional states, namely monotony and anxiety. We provide the assessors
with three tasks of varying complexity for each of the potential dysfunctional state.

The remainder of the paper is organized as follows. Section 2 provides an account on
the ‘contextual fidelity’ model and on dysfunctional user states. Section 3 describes our
methodology and the research pipeline. Section 4 demonstrates our results, and Sect. 5
discusses them. We conclude by posing the questions on future prospects of usability
studies being conditioned by the ‘contextual fidelity’ factors.

2 User Dysfunctionality and Factors that Condition It in Usability
Testing

2.1 The Concept of Dysfunctional User State and Its Application to Usability
Research

Conceptualization of user states has mostly developed within Russian psychology of
professions, but some works have also been published in English and have gained inter-
national recognition. We find them useful for detection of types of interfaces and tasks
that critically affect user efficiency.

According to Leonova [7, 10, 11], the impact of functional states on the emotional-
volitional and cognitive sphere of a person is complex. Under the influence of cer-
tain activities, the most important mental processes and phenomena undergo significant
changes. The sensitivity threshold of sensory systems and the tone of the sympathetic ner-
vous system change [9], as well as stable changes are observed in the ability to memorize
information, longer-term memory, reactions to stimuli, and the dynamics of intellectual-
representative systems [12]. In particular, according to [8], the growth of mental fatigue
or subjective anxiety causes changes in the whole spectrum of psychophysiological
characteristics of a given user. Not only the sensitivity of analyzers changes, but also
the ability to concentrate, to search in long-term memory, and to manipulate memorized
objects.

According to the systemic approach in studying the functional systems of the human
psyche, such changes in psychophysiological characteristics are part of a complex sys-
temic reaction of an individual to factors that condition his/her activity during the work
process [8: 1133]. Such an understanding of functional changes as reactions formed
under external impact requires consideration of deviations from the state of operational
rest as a response of functional systems on different levels to the factors/conditions of
the activity performed by a worker (in our case, an interface user). As a rule, in studies
based on theory of activity, the following factors are named that shape functional states:
The content of the activity, conditions for its implementation, working person’s func-
tions, and its individual psychological traits [13, 14]. These factors, as we will see below,
correspond well to the ‘contextual fidelity’ factors that have been studied in usability
research, regretfully unrelated to wider psychology.

Due to the integral, systemic nature of functional states, the nature of the changes
they cause in the psychophysiological state of users gains specific, recognizable, and
stable shape. Via assessing psychophysiological indicators of the dominant user state in a
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particular moment and the factors that caused them, the researcher can accurately identify
functional states, differentiate them both functionally and qualitatively, and describe
them through combinations of indicators. For instance, as it follows from the results of
several studies including our own, qualitative differences in the states of anxiety and
monotony cause different effects on the user state. According to [9], the development of
anxiety entails a change in the sense of time, transformation of the structure of intellectual
operations, decrease in control over the performance quality, and a shift motivation
[13]. The development of monotony is accompanied by subjective (boredom, apathy,
drowsiness) and objective (decrease in the level of wakefulness and in the tone of the
sympathetic nervous system) manifestations [15, 16].

Attempts to formulate conceptual foundations for detection of functional states in
modern research have been made repeatedly. The first stream of studies is represented by
the research dedicated to more general issues in the physiology of formation and devel-
opment of functional states in human-machine interaction and methodological support
for their diagnostics. In these studies, formation of (dys)functional states depends on
both fundamental factors of their genesis [10] and external conditions of professional
activity [14, 15]. Within the framework of such a universal perspective, approaches to
classifying (dys)functional states are also presented, and their main types (operational
rest, anxiety, monotony, fatigue, and psycho-emotional stress) are identified. Attempt
were even made to characterize changes in psychophysiological traits specific to particu-
lar functional states [9]. However, these studies employ too general, universal indicators
of functional states without taking into account the dynamics of user activity and without
connection with task features. They do not pay much attention to shifts in functional
states potentially brought by changes in intensity of influencing factors. The model they
provide is static and, thus, less relevant to web interaction.

The second, smaller stream consists of studies that focus upon to the typology of
affective and communicative states in human-computer interaction. This approach, based
on detection and analysis of behavioral cues, attempts to identify persistent types of
behavioral responses depending on user states [17]. In such works, the goal of the study
is, as a rule, determining the behavioral patterns that accompany certain user states, e.g.,
the state of ‘technological addiction’ [18] or consumer behavior [19]. A special place
in this group is occupied by studies on patterns of navigational behavior [20–22]. The
design of these studies that aim at modeling user preferences in choosing a path through
the website architecture best reflects the methodological flaw inherent in the entire group:
The typology of user states and behavioral patterns is built upon machine processing
of datasets of behavioral data, while external and internal factors in the formation of
behavioral reactions and states are not considered.

Thus, as our review shows, neither of the research streams pays enough attention to.
the relationship between the intensity of exposure to factors that foster dysfunction-

ality and the intensity of experiencing dysfunctional states, which we see as a significant
gap in word dysfunctionality studies. One of the promising directions in this regard is
the study of the relationship between the degree of cognitive load and the intensity of the
experienced dysfunctional state. The level of cognitive load is of decisive importance
for the development of dysfunctions in one’s cognitive-representative system [12].
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2.2 The ‘Contextual Fidelity’ Model and Functional State Patterns

As we stated above, in usability studies, the concept of dysfunctional user states may
be seen as consistent with the ‘contextual fidelity’ model, as the latter assesses similar
variables, including user traits, product features, task complexity, and experimental set-
tings. The model was proposed in 2011 and further developed in 2018 [16] and 2019 [2].
According to this model, various parameters related to product quality, user traits, and the
test task may significantly affect the accuracy of testing. In this case, the user’s functional
state derives from the combined impact of the product, task, and testing environment,
and is further conditioned by the user him-/herself.

Assessing the process of activity via the model, we get a flexible tool that allows for
determining the external and internal factors affecting the workflow, at the intersection
of which, a certain type of ‘interaction experience’ forms. Such combinations that link
independent variables (e.g., the intensity of task plus the impact of the testing environ-
ment) and target variables (e.g., the level of user performance plus changes in the user’s
functional state) can be called functional state patterns. Such patterns describe stable
linkages between combinations of ‘contextual fidelity’ factors, user performance, and
user’s functional state. The patterns are actually a sort of cumulative effects that persist
and affect user performance. Finding them may be one of the goals of usability studies,
as they show that interfaces need to be checked against formation of such patterns of
inefficiency – that is, against particular combinations of ‘contextual fidelity’ factors.

In 2021–2022, we explored the impact of web aesthetics upon the dynamics of
user experience as two different adverse functional states developed, namely monotony
and anxiety. We have shown that functional state patterns critically affect the results of
usability testing; we have detected three cumulative effects that were playing both for
and against higher quality of user performance [1, 23, 24]. In these works, however, the
‘contextual fidelity’ factors were fixed in a binary way – e.g., aesthetic/non-aesthetic
design, individual/group performance, Western/Eastern provenance of assessors, and
monotony-/anxiety-inducing tasks. Thus, the intensity of each parameter was not taken
into account. Moreover, in creating the tasks, we oriented them to being inductive in
terms of a particular dysfunctional state but did not deal with actual task complexity
which is another task feature that is, by common sense, to additionally induce dysfunc-
tionality as task complexity grows. At the same time, today’s research (including our
own earlier works) suggests that, of the whole four-factor ‘contextual fidelity’ model, the
main factors that regulate the users’ cognitive load are the task complexity (to a greater
extent) and the impact of the testing environment (to a lesser extent). We will check user
performance against the two ‘contextual fidelity’ factors, thus adding to discovery of
dysfunctional state patterns.

2.3 The Research Questions and Hypotheses

Given all stated above, we have formulated the following simple research questions:
RQ1. How does task complexity affect formation of the dysfunctional states of

monotony and anxiety in usability tests?
RQ2. How does individual/group regimes of testing affect user performance on the

tasks of varying complexity? What are the dysfunctional state patterns that we can see
under the combined impact of testing environment and task complexity?
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In accordance with these questions and with our previous findings, we put forward a
range of hypotheses, on the basis of which we developed the design of the experiment.
The hypotheses on individual testing correspond to RQ1, while those on group testing
open up the RQ2.

Individual testing:
H1a. In individual testing, intellectual lability drops the deeper, the higher task

complexity for both types of tasks.
H1b. In individual testing, emotional stress rises in accordance with the growth of task

complexity via the rise of indicators respective to each of the two dysfunctional states.
Thus, fatigue and anxiety will steadily grow for the monotony- and anxiety-inducing
tasks, respectively.

H1c. In individual testing, full-fledged dysfunctional states that combine low intel-
lectual lability and high fatigue/anxiety (respective to the conditions of task completion)
will develop for the tasks of middle-range and high complexity.

Group testing:
H2a. In group testing of monotony, in line with our previous results [1], intellectual

lability does not drop significantly for easy tasks, as group-based distraction compensates
for the impact of cognitive load. However, it drops for mid-range and complex tasks for
similar percentages.

H2b. In group testing of anxiety, the group environment does not compensate for the
drop of intellectual lability.

H2c. In group testing of emotional stress for both types of tasks, drops in the
respective indicators will be smaller than in individual testing.

H2d. In group testing, full-fledged dysfunctional states only form for complex tasks.

3 The Research Method

In order to study in more detail the relationship between the intensity of the impact of
‘contextual fidelity’ factors (in particular, task complexity that induces varying cogni-
tive load) and the intensity of experiencing dysfunctional states, we have developed an
experiment that includes tasks of various levels of complexity fulfilled by assessors in
two formats, namely the group one and the individual one.

3.1 The Experimental Design

According to a number of studies, the level of cognitive load that varies due to vary-
ing task complexity, is crucial for performance and productivity in solving interactive
communication problems in human-computer interaction [25, 26]. At the same time,
the correlation between the complexity of the task and the efficiency of its solution is
inversely proportional: As the complexity of the task decreases, the accuracy and speed
of its execution increase, and as the complexity grows, they fall [27].

In usability testing, the most common and relevant practice is to analyze the
complexity of a task at three levels, namely structural, semantic, and cognitive.

The structural complexity defined by the information architecture of a web interface
refers to the potential range of alternative paths to the target information in the hierar-
chical structure of a website. As studies in this area show, there is a relationship between
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the depth of target information, patterns of user behavior in the search process, and the
subjectively perceived complexity of the search task [28]. The depth of the path to the
target information is, thus, one of the key factors that affect the users’ cognitive states.

The semantic complexity of the task is determined by the obviousness of the path to
the target information, as stated in the task description. The formulation of the search
goal in this case either indicates the optimal path to solving the problem or masks it
making the task more difficult. At the same time, the relevance of the path is measured
by the degree of semantic closeness between the description of the search goal and the
wording of the headings of navigation links [29].

The cognitive complexity of a task is determined by the number of components
involved simultaneously in the process of intellectual activity. Tasks like comparison
or classification imply the achievement of goals based on several criteria and places
higher demands on the user’s cognitive resources. In experimental research, the Miller
criterion is widely used as a metric for cognitive complexity [30], according to which
the efficiency of intellectual operations depends upon the number of objects that the
assessor is able to simultaneously manipulate in his/her short-term memory [31]. The
threshold value here is 5 ± 2, and, beyond this value, the task becomes very difficult for
most representatives of the online audience.

Thus, task complexity of the turns out to be a function of the interaction of the
structural (depth), semantic (relevance), and cognitive aspects of the navigation path.
Low task complexity is characterized by small depth, high relevance, and the number of
objects of intellectual activity less than seven, while high complexity implies significant
depth (long path to target information), low relevance of the goal description, and the
number of objects of intellectual activity exceeding the threshold value.

In accordance with this approach, we have identified three types of complexity for
our prospective tasks, with three corresponding levels of cognitive load on the user:

• ‘Easy’ tasks with the minimal and fairly comfortable level of cognitive load;
• ‘Medium-level’ tasks with a threshold level of cognitive load, close to the psy-

chophysiological limit, beyond which the efficiency of decisions should drop
sharply;

• ‘Complex’ tasks of a high level of complexity, implying mobilization of maximum
user’s cognitive resources in the process of task solving.

For more accurate monitoring of changes in the user states, we have chosen the
method of sequential complication of the task based on increasing the values of a dis-
crete parameter with a minimum step according to the formula (n + 1) as the basis for
measuring structural complexity. In particular, the number of levels of website archi-
tecture that needs to be passed to the target content acts as a metric. As a criterion of
semantic complexity, the ratio of the wording of the search goal and menu headings was
chosen, and, for cognitive complexity, the number of criteria in intellectual operations
that had to be operated simultaneously was fixed.

As a result, three tasks with different expected cognitive load were compiled, the
complexity criteria for which are presented in detail in Table 1.

In essence, the task itself for inducing monotony and anxiety is of the same type;
it aims at information search. However, an essential part of the task is how it is to be
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Table 1. Tank complexity as part of the research design

Complexity level Level of
cognitive
load

Structural
complexity
(the number of
website layers)

Cognitive
complexity
(the number of
criteria in smart
operations)

Semantic
complexity
(goal statement
vs. the menu
headings)

easy minimum 2 1 complete match

medium threshold 3 2 non-complete
matchcomplex excessive 4 3

Table 2. Assessor groups based on the research design, 5 assessors per group

Test format Dysfunctional state Task complexity level

Easy Medium Complex

Individual test Monotony sub-group1 sub-group5 sub-group9

Anxiety sub-group2 sub-group6 sub-group10

Group test Monotony sub-group3 sub-group7 sub-group11

Anxiety sub-group4 sub-group8 sub-group12

performed. Via additionally conditioning the tasks, we made them be more monotony-
inducing or anxiety-inducing (see below).

As a task, we offered the assessors to evaluate and sort Master programs offered by
Syracuse University, USA according to a range of criteria. The university website was
chosen due to its recent redesign and high usability qualities. The target information bits
that had to be found and evaluated by the assessors were the following:

1. Presence/absence of GRE (Graduate Record Examination) results in the admission
requirements.

2. Presence/absence of GPA/TOEFL exam results in the admission requirements.
3. The minimum eligible amount of credit hours.
4. Presence/absence of final essay in the requirements for completion of the study

program.
5. A requirement to present an official transcript of achievement as undergraduate.
6. The number of training trajectories.
7. The amount of financial support available via the scholarship program (in %).

In accordance with what is stated above, the differences between the tasks were
determined by the website ‘layer’ on which the entry point for navigation situated, as
well as by the number of sorting criteria. The ‘easy’ task meant searching for curricula
according to the first three criteria to the depth of no more than two levels of architec-
ture, while the criteria were clearly defined by the task statement. The task of medium
complexity implied comparison of programs within the architecture of three levels of
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immersion, based on five criteria. In the high-complexity task, the search was carried
out four levels deep and across the entire list of criteria. In the ‘medium’ and ‘complex’
tasks, the formulations of the criteria were identical and did not correspond to particular
page headings.

Just as in our previous studies, we aimed at checking the formation of two dys-
functional states, namely monotony and anxiety. The former is to appear in the condi-
tions of repetitive completion of a large number of typical operations with an insignifi-
cant creative component. The main factors that induce monotony, in our task, were the
unawareness of the fixed time for task completion and a significant number of repetitive
operations of comparing educational programs in order to sort them. The dysfunctional
state of anxiety is formed in conditions of lack of time and information when solving a
problem. Also, the development of this state may be associated with unforeseen changes
in operating modes: for example, with a sharp complication of the task or a sudden
change in its conditions combined with an unforeseen reduction in the time to solve.
The induction of the anxiety mode was fostered by an unexpected reduction in timing
and a change in the goal three minutes after the start of the test.

3.2 Measurements and Instruments

To measure the quality of user experience, we have chosen the following indicators for
tracking the dynamics of assessors’ (dys) functional states.

Intellectual Lability. This metric characterizes the ability to switch attention, that is,
the ability to quickly move from solving one problem to solving another one without
making mistakes. According to the theory of functional states, high levels of anxiety
provoke impulsivity and an excessively high rate of reactions; in the case of monot-
ony, the rate decreases down to apathy. We measure this indicator using the so-called
Gorbov – Schulte table [32], a short test of attention switching before and after the
experiment.

Emotional Condition. Here, we use four metrics that, taken together, make up the
integral indicator of a user’s emotional state. In accordance with the method of self-
assessment of emotional states by Wessman and Ricks [33], we intend to measure
the level of anxiety (calmness/anxiety scale), fatigue (energy/ fatigue scale), arousal
(excitement/depression scale), and confidence (self-confidence/helplessness scale).

Experimental Design. To test the hypotheses, we developed the 4x3 study design.
Test tasks were performed in twelve subgroups of assessors, 5 assessors per group. Each
group worked with a task of a certain level of complexity in one of the two testing formats
(either group or individual) and in one of two cognitive modes of ac-tivity, that is, in
conditions that fostered either anxiety or monotony. Thus, our exper-iment included 60
assessors and had the following design (see Table 2).

The experiment had the following steps.

1. Input testing for the cognitive and emotional state, used to fix the initial state of
cognitive efficiency and emotional stress in ‘operational comfort’ of each assessor:

• assessment of the current level of emotional stress (self-assessment of emotional
conditions by Wessman and Ricks);
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• test on intellectual lability (via the Gorbov – Schulte table).

2. Performing tasks of one of three levels of complexity that form dysfunctional states
(either anxiety and monotony) in a group/individual test.

3. Output testing for the cognitive and emotional state, used to fix changes in the
indicators of cognitive efficiency and emotional stress of each user.

Data Analysis and Interpretation. For each assessor, the results of input and output
testing were fixed. Then, in each group, mean values and standard deviations for them
were calculated for each indicator. After that, the difference between the indicator values
before and after task completion (delta, or �) was calculated, and its mean and its
standard deviation were, too. The deltas are the secondary indicator that allows for
comparing individual and group testing, as well as the very assessment of the user
cognitive and emotional states. As the emotional indicators were measured from 10 (the
best state) to 1 (the worst state), drops in values indicate the growth of dysfunctionality.
The same is true for intellectual lability, though it is measured in points that combine
time and precision of finding the targets on the Gorbov – Schulte table.

4 Results

The results of our experiment are shown in Table 3 (for the individual testing
environment) and Table 4 (for the group one).

RQ1. As the results show, the changes in assessors’ functional states vary depending
on the level of task complexity. This is especially noticeable in reactions to the cognitive
load from attention and intellect via the intellectual lability indicator. However, the
results for indicators of emotional stress point to multi-directional effects caused by
combinations of testing settings and task complexity.

Individual task completion. In line with expectations, for both monotony and anxiety,
intellectual lability decreases least intensely when the ‘easy’ task is solved. In particular,
intellectual lability drops by ~ 15% (187.15 to 171.13, � = −16.02) for the anxiety-
inducing task and by ~ 8.5% (from 187.05 to 182.93, � = −4.12) for the monotony-
inducing one. It is worth noting that the anxiety-inducing task has caused twice as big
a drop in lability than the monotonous task. For mid-range task complexity, expectedly,
lability drops more significantly but nearly equally for both task types – for ~ 23%
for anxiety and for ~ 27% for monotony. This pattern continues for the complex tasks:
Lability drops for ~ 45% anxiety and for ~ 44% for monotony, thus making users lose
nearly a half of their initial multi-tasking capacity. This confirms H1a and hints that,
for more complex tasks, complexity plays a bigger role in defining the user states than
the nature of the task; with growth of complexity, anxiety- and monotony-inducing task
solving becomes equally dominated by cognitive load, rather than by testing conditions.

H1b, though, cannot be confirmed, as the results for indicators of emotional stress
differ from those expected. Thus, there is no pattern of steady growth of fatigue/anxiety
with the growth of task complexity; in neither case (including the group results) emotions
‘responsible’ for a given dysfunctional state grow in relation to task complexity. For
monotony, fatigue, indeed, grows on average, but, for ‘easy’ and mid-range tasks, the
results are within the standard deviation interval, which tells that the assessors’ results
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Table 3. The results of individual testing
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(0,471)

7,2

(1,095)

6,2 

(1,095)
-1

(0)

7,2 

(1,095)

6,2 

(1,095)
-1

(0)

Energy/

fatigue
6

(0,666)

6

(0,666)

0

(0,666)

5,6

(0,547)

5,8 

(0,836)

0,2 

(0,447)

5,7 

(0,447)

5,7 

(0,670)

0

(0,353)

Excitement/

depression
6,9 

(0,567)

7

(0,471)

0,1 

(0,567)

7

(0,707)

7,2 

(0,447)

0,2 

(0,447)

6,4 

(0,547)

7,4 

(0,547)
1

(0,707)

Self-conf./

helplessness
7,1 

(0,370)

7,3 

(0,251)

0,2 

(0,788)

6,8

(1,095)

6,8 

(1,303)

0

(0,707)

6,8 

(1,095)

6,8 

(1,303)

0

(0,707)

were too divergent to form a stable pattern. Fatigue significantly grows only for the
‘complex’ task. In case of anxiety, calmness drops equally for all the levels of complexity;
this pattern also repeats for the group performance, however, with nearly two times higher
rise of anxiety. Such stable drops of calmness could be induced by the very fact of task
completion; however, this does not seem to be true, as the figures for group work are stably
bigger than those for individual task solving, and are non-significant for monotonous
tasks. More probably, the rises of anxiety are induced by the task conditions, and, in
this case, it is anxiety that dominates over complexity in shaping the users’ state. Due
to worse performance in groups, as judged by the level of anxiety, we recommend that
the tasks potentially leading to high anxiety are performed in the individual regime.

Thus, it is for ‘complex’ tasks only that full-fledged dysfunctional states may be
detected; this is why they were not discovered in our previous studies which did not
offer complex enough tasks to the assessors. Moreover, in each case, the dysfunctional
states not only combine low lability and high stress by the corresponding indicator (either
fatigue or anxiety) but is also complemented by changes in one other emotional indicator.
For monotony, depression also rises in both individual and group testing, which is quite
understandable intuitively. For anxiety, though, a counter-intuitive rise in excitement is
observed (which is also noticeable for ‘easy’ and mid-range tasks but is not significant),
and this pattern does not repeat for group testing (see below). Thus, H1c is confirmed
for high-complexity tasks but not for borderline cognitive load.
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Table 4. The results of group testing

U
se

r 
st

a
te

Indicator Task complexity level

Easy Medium Complex

before 

task

after 

task

delta

( )

before 

task

after 

task

delta

( )

before 

task

after 

task

delta

( )

M
o

n
o

to
n

y

Intellectual lability
190,2 

(0,836)

188,2 

(6,906)

-2

(6,442)

185

(4,527)

127,5 

(1,581)
-57,5 

(3,640)

183,4 

(3,189)

86,2 

(2,196)
-97,2 

(3,701)

E
m

o
ti

o
n

al
 s

tr
es

s

Calmness/

anxiety

6

(0)

6

(0,707)

0

(0,707)

6

(0,547)

6

(0,707)

0

(0,547)

6

(0,707)

6

(0,707)

0

(0,707)

Energy/

fatigue

6,4 

(0,547)

6,2 

(0,447)

-0,2 

(0,836)

7

(0,707)

6

(0,707)

-1

(1,224)

7,6 

(0,547)

6

(0,707)
-1,6 

(0,894)

Excitement/

depression

7,2 

(0,836)

7

(0)

-0,2 

(0,836)

7,2 

(0,836)

7

(0)

-0,2 

(0,836)

7,8 

(0,447)

6,6 

(0,547)
-1,2 

(0,447)

Self-conf./

helplessness

6,6 

(0,894)

7,4 

(0,547)

0,8 

(0,836)

7

(0)

7

(0)

0

(0)

7,4 

(0,547)

7,4 

(0,547)

0

(0,707)

A
n

x
ie

ty

Intellectual lability
188,64 

(1,499)

159,1 

(3,398)
-29,54 

(4,450)

189,2 

(1,303)

132,4 

(5,594)
-56

(6,140)

193

(2,915)

96,5 

(2,179)
-96,5 

(3,240)

E
m

o
ti

o
n

al
 s

tr
es

s

Calmness/

anxiety

7

(1,870)

5,2 

(1,788)
-1,8 

(0,836)

7

(1,870)

5,2 

(1,788)
-1,8 

(0,836)

6,8 

(1,303)

5,2 

(1,483)
-1,6 

(1,140)

Energy/

fatigue
6,4 

(0,547)

7,2 

(0,447)

0,8 

(0,836)

7

(0)

7

(0)

0

(0)

6,4 

(0,894)

6,4 

(1,140)

0

(1,870)

Excitement/

depression
7

(0,707)

7,6 

(0,547)

0,6 

(0,894)

7

(0,707)

8

(0,707)

1

(1,224)

6,6 

(0,894)

7,6 

(0,547)

1

(1,224)

Self-conf./

helplessness
6,8 

(0,447)

7,4 

(0,547)
0,6 

(0,547)

6,8 

(0,447)

7,8 

(0,836)
1

(0,707)

6,8 

(0,447)

5,6 

(0,894)
-1,2 

(0,836)

RQ2. The group testing has, in general, demonstrated similar dysfunctional state pat-
terns. In both individual and group testing, emotional stress indicators mostly responded
in an expected way: Thus, for monotony, there was growth of fatigue and no changes in
anxiety; for anxiety, there was growth of anxiety and no changes in fatigue.

Group Testing Environment. Here, we juxtapose the results of individual and group
testing. First, intellectual lability for the ‘easy’ task solved in groups is the only case
of insignificant lability change, in line with our previous research [1]. If for individual
testing, intellectual lability dropped by ~ 15% for anxiety and by ~ 8.5% for monotony,
for the group test, the decrease in intellectual lability was very similar (~15.6%) for
anxiety but insignificant for monotony (~1%; � = -2, SD = 6.442). For the ‘easy’ task,
we see that group testing compensates for pressures created via insignificant cognitive
load; however, this is only true for monotony-, not for anxiety-inducing performance
procedures. For mid-range and ‘complex’ tasks, lability drops sharply and similarly
for both monotony and anxiety (~31%/ ~ 30% and ~ 53%/50%, respectively). This
fully confirms H2a. This is why we here repeat our recommendation for group-based
completion of monotonous tasks, as group-based distraction compensates for the impact
of cognitive load. This, however, may not work for more complex tasks. One more
consequence of our study is the following: We could test any given task for complexity
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and identify whether this or that task is easy enough if group testing compensates for
intellectual lability drops, and lability remains unchanged.

For anxiety, as we have just stated, no compensation happens, and lability drops in
a notable way even for ‘easy’ tasks (~15,6%), and this drop intensifies with the growth
of complexity. Thus, H2b is also confirmed.

As to the emotional stress, we had expected that group testing would compensate for
negative emotions and allow for lower indicator values. However, H2c has to be rejected.
We could only assess the emotional stress indicators for high-complexity tasks where
they have shown significant drops; the changes of emotional states are multi-directional.
There are only two stable patterns that we could detect. First, as already stated above,
for the anxiety-inducing task, group values on anxiety are nearly two times worse than
those for the monotonous task, contrary to expectations. Second, in both individual and
group testing, excitement slightly (and insignificantly) rises for the anxiety task, while
self-confidence behaves highly unpredictably. Thus, for individual testing, it remains
completely unchanged, and in group testing it first rises significantly (allegedly, group
support allows for better self-confidence when the task is solved), but then sharply drops.
This result is not counter-intuitive, as successful solution of ‘easy’ and ‘mid-range’ tasks
may foster a rise of self-confidence, while the excessive task complexity may leave people
irritated and dissatisfied.

Just as in individual testing, in group testing, full-fledged dysfunctional states only
form under the impact of tasks of maximum complexity. This shows that group testing
does not fully compensate for drops in performance efficiency, and complex enough
tasks may eventually destroy functionality of web users. H2d is confirmed.

5 Discussion and Conclusion

After our research, one may say that stable patterns of emotional-cognitive reactions are
observed that are specific for tasks of different levels of complexity. However, accumu-
lation of dysfunctionality is non-linear, and certain dysfunctional state patterns deserve
special attention.

Monotonous tasks cause relatively less dysfunctionality on low and middle levels
of complexity. When solving an ‘easy’ task in both group and individual conditions,
cognitive functions are close to operational rest in both individual and group regimes
of testing. On medium levels of complexity, only intellectual capacities diminish in a
notable way (approximately one fourth of initial capacity), while emotional stress grows
insubstantially. But as soon as the level of complexity grows beyond a certain level, the
dysfunctional state forms, with a nearly half loss of brain lability and growth of fatigue
and depression. Here, the sharp break in performance beyond the threshold load points
an area for future research in the field of managing the formation of dysfunctions.

Anxiety-inducing tasks cause somewhat bigger drops of intellectual lability, which
also stably increases with the growth of task complexity. What differs the anxiety-
inducing tasks from monotonous ones is immediate rise of emotional stress exactly
via loss of calmness; anxiety remains on the same level in both individual and group
environments regardless of task complexity, which may mean that anxiety reduction in
real-world HCI cannot be reached by reducing task complexity and introducing simpler,
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less complex tasks. This deserves immediate attention by education professionals and
interface developers. However, as anxiety in groups is nearly two times higher on average
than that registered for individual performance, it is not that assessors’ anxiety reaches its
maximum from the very beginning; individual format allows for lesser growth of anxiety,
as well as prevents the feeling of helplessness. This is a counter-intuitive finding, as,
usually, group task solution is characterized by lesser helplessness due to potential mutual
help of participants and lesser expression of helplessness in front of fellow assessors.
However, here, we see that group performance enhances helplessness even for low- and
mid-range task complexity.

For anxiety-inducing tasks, the pattern of sharp formation of dysfunctionality is
less evident for individual testing, where brain lability gradually diminishes with the
growth of complexity but anxiety remains stably higher than in rest. However, for group
performance, the rise and then sharp fall of self-confidence reveals that sharp drops of
functionality may also happen for anxiety tasks.

Thus, the formation of dysfunctional states is shaped by a combination of inner
conditions of task solving and task complexity, as, both types of dysfunctionality sharply
rise in any external conditions of task solving. Along with that, group performance may
compensate for the drops of intellectual lability for monotonous tasks, while enhances
helplessness for anxiety-inducing tasks. Thus, our recommendations that aim at harm
reduction call for group performance on monotonous tasks and, vice versa, individual
performance on anxiety-inducing tasks.

To conclude, we need to state one thought that derives from our studies of the ‘contex-
tual fidelity’ model. As ‘contextual fidelity’ factors are multiple and their combinations
affect testing results, this poses a simple question: What do we see as the ‘objective’
result of quantitative usability testing? Is it the result of individual or group testing? Per-
ceiving usability test results as objective might be misleading. What is needed instead
is conduction of target-oriented usability research, where the usability test model would
correspond to prospective uses of a given interface. E.g., if an interface implies office
work or use in school class, group tests need to be compulsory, while interfaces for per-
sonal use need to pass testing in individual regimes. This also implies that multi-function
interfaces, for which one cannot easily predict preferential modes of use need to pass
multiple testing with various combinations of ‘contextual fidelity’ factors, in order to
detect the threshold cognitive loads and find out how and when dysfunctionality arises.
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