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Abstract—Various versions of a typical control panels are
experimentally analyzed both from the effectiveness and
efficiency point of view. The stimuli differed in objects’ locations
within a panel, and the type of the expected response to the
presented stimuli. The results of users’ performance are
investigated using classical analyses of variance. Moreover, visual
activity of all examined persons gathered by means of eye
tracking system were presented and formally analyzed.

Keywords—digital panel efficiency; digital panel effectiveness;
visual activity; human-computer interaction; ergonomics

I. INTRODUCTION

In various aspects of our life computers are more and more
common and play more important roles. In many cases
traditional solutions are replaced by their digital counterparts.
During recent years, even in products like household
appliances one may observe the tendency of using digital
instead of classic control panels. Such ubiquity of digital
control panels makes the usability aspects of their design
especially important and worth studying.

There is a great number of various usability definitions
provided by many authors, however one of the simplest and
the most commonly used is the proposal described in 1SO
9241-11 [15]. According to this international standard
usability is characterized in three main dimensions, namely
effectiveness, efficiency and satisfaction, taking into account
the context of use.

Various types of control panels and usability aspects have
been subject to investigations in previous papers. For instance,
Tan et al. [26] examined the visibility of controls and labels in
almost 100 versatile electronic appliances. Reference [19],
among other things, provided a thorough review of control
panels design guidelines for audiovisual consumer electronic
products. The human-device usability analysis of manual
defibrillators was subject to examination in [11]. The
automatic air conditioning control panel was investigated by
means of formal modeling in [7]. An innovative way of
assessing interactions with household appliances’ control
panels involving virtual reality was described in [2].

The use of human visual activity data for usability
purposes has a long history which was reviewed in [9], [16].
Generally, as it was stressed in many previous research (e.g.

[8], [13]), eye tracking data may be helpful during the
evaluation process because it provides information about how
users allocate and shift their attention while interacting with
a human-machine interface. Though, there are many
investigations concerned with ergonomics and usability of
conventional control panels and general ergonomic design
principles, the body of literature on their digital equivalents
(i.e. presented by software) where eye trackers are involved is
not so ample. Among works in this field there is a usability
evaluation of multi-modal interface for car drivers [22]. The
authors developed a methodology for evaluating such
interfaces that takes into account, among other things, the
oculographic data. In a study of [1] on control panels
researchers examined usability of portable ultrasound systems
interfaces by means of the motion and eye balls movement
analysis.

In the literature, panel layouts were most often analyzed
and optimized from a perspective of moving a hand or mouse
pointers between panel components (e.g. [14], [20], [21], [24])
The present paper examines the usability of specific control
panel layout types by analyzing the number of errors made
(effectiveness) and task execution times (efficiency). These
basic analyses are deepened by the detailed exploration of
human visual activity temporal parameters, registered during
experimental tasks. Moreover, the conducted in this study
analysis of pupil diameter changes may be interpreted to some
extent as a satisfaction measure (e.g. [10], [23]). What is
important, such analyses are conducted based on objective
data which is quite rare in investigating this dimension.

Il. METHOD

A. Participants

Overall, 50 student volunteers participated in the study,
however the data of four persons with the eye tracking ratio
smaller than 70% were excluded from visual activity analysis.
The age ranged from 18 to 34 years with the average of 21.3
and astandard deviation of 3.5. There were 24 men and
22 women taking part in the study.

B. Apparatus

Simple, custom-made software was developed to present
stimuli in a typical web browser window. The application was
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prepared in plain JavaScript and not only controlled the
presentation of examined control panels but also registered
task execution times and errors made. The experiment was
carried out in identical lighting conditions in an isolated room
equipped with a desk, typical office chair, keyboard, optical
computer mouse, and 21 inches monitor with a resolution set
at 1680x1050 pixels, with aclassic color scheme. The
subjects’ behavior was monitored through a one way mirror
installed in one of the room’s walls. Communication with
subjects took place via a set of microphones and speakers.

A SMI RED500 stationary infrared eye-tracker system was
used to register oculographic activities while performing
experimental tasks. The system comprised of the detector
placed directly under the monitor displaying stimuli and the
laptop computer working under Microsoft Windows 7
operating system with SMI Experiment Center 3.6 software by
which the current experiment was controlled. The system
recorded eye ball movements at 500 Hz sample rate. The SMI
BeGaze 3.6 application allowed for exporting raw fixation
data for analyses performed in a Statistica 12 package. The
experimental application displaying stimuli was run on
a Mozilla Firefox web browser ver. 45 set to the full screen
mode.

C. Stimuli, experimental design, dependent measures

The current research focuses on operation of various
variants of control panels. Digital versions of artificially
created panels consisted generally of control buttons and
information displays. The experimental setup resembled the
situation when a car is being tested by a chassis dynamometer.
In such a situation the operator may perform a monitoring task
by comparing the current and target velocity and clicking on
the appropriate button to achieve or maintain the desired test
speed.

The experimental task was performed on simplified
versions of possible virtual graphical interfaces. The prepared
panels were differentiated by the way their components were
located in relation to each other. There were three main panel
sections, that is: the area with (1) control buttons (Increase,
Keep, Decrease), (2) information about the current velocity
presented on an analogue (clock-face) version of
a speedometer, and, and finally (3) information about a target
velocity presented by a digital display. In the remainder of the
paper these components are denoted by B, C, and T characters
respectively.

There are six different possibilities of arranging these
sections: BCT, BTC, CBT, CTB, TBC, TCB, and they were
treated as six levels of the Layout factor examined in the
current study. The dimensions of components with buttons and
information about target velocity were identical while the
current velocity information section had twice as big area than
the other sections.

Subjects taking part in the experiment performed nine
trials per each layout type. These trials differed in two aspects,
namely: the target velocity location (TVL) on the speedometer,
which was specified on three levels (20, 50, and 80 kilometers
per hour), and the correct response type (CRT) involving also
three levels (Increase, Keep, and Decrease). By combining the

independent factor levels and trial variations one obtains:
Layout (6) x TVL (3) x CRT (3) = 54 different experimental
conditions. Some of them are demonstrated in Fig. 1.

Aktualna predkosé

Docelowa predkosé

Zmniejszl Utlzymajl Zwigksz |

Aktualna predkosé Aktualna predkosé

Zmniejsxl Ulrzymajl Zwieksz |

Docelowa predkosé Docelowa predkosé
Zmniejszl Utrzymail Zwieksz |
M km

Fig. 1. An exemplary stimuli presented by the experimental software in
a web browser.

A within subjects design was used therefore each
participant performed the experimental task for all prepared
conditions that were presented by the experimental software.
The presentation order was first determined randomly and
then slightly modified in such a way that the same levels of
the Layout effect would not appear one after another. Finally,
the Latin square approach was applied to display stimuli to
consecutive subjects.

The efficiency of the elaborated control panels operation
was assessed based on the time necessary to make a decision,
point and click with a computer mouse on the appropriate
control button. The effectiveness was measured by the number
of incorrect responses. Apart from the abovementioned
dependent variables, fixation durations, fixation counts, and
pupil diameters were additionally used to analyze subjects’
visual activity during the experiments.

The fixations were determined by the SMI BeGaze 3.6
software according to the High Speed Event Detection method
with default parameters. This approach first searches for
saccade events and then computes fixations from them. For
more details about this type of saccades and fixations
detection algorithm refer to [25] or BeGaze Manual [3].

D. Experimental procedure

Participants were first provided information about the goal
and procedure of the experiment. The study began with a short
questionnaire in which subjects were asked about their gender,
age, visual acuity and potential vision disorders. Before
performing main experimental tasks, they executed three test
trials after which, the fast, two points eye tracker calibration
procedure was applied. Each time between consecutive control
panels, a white window with a black cross (x) at the center
appeared for 1500 ms.

Participants were instructed to focus their eyes on this
cross between trials and perform the task as quickly and
accurately as possible. Subjects’ visual activities were
registered by the eye tracking system only while performing
the proper experiment. The experimental trial sequence is
illustrated in Fig. 2.
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Fig. 2. Asingle trial sequence presented by experimental software.

I1l. RESULTS

The results presented below concern three main areas
related with usability, namely: task execution efficiency, and
effectiveness as well as visual activity patterns registered by
the eye tracking system. In all Analysis of Variance (Anova)
figures presented in the following sections vertical bars denote
0.95 confidence intervals.

A. Task execution efficiency

The overall mean value of task performance for all
participants and experimental conditions equaled 2094 ms,
with the standard deviation 279 ms. The lowest average task
execution time was observed for the condition with TBC panel
layout, 50 km/h target velocity, the Keep correct response type
(TBC_50_Keep) and amounted to 1508 ms (Mean Standard
Error, MSE = 105). The worst mean result 2484 (MSE = 105)
was registered for CBT layout, 20 km/h, and the Decrease
correct response (CBT_20 Decrease). The task execution
efficiency data were formally verified by means of the four-
way Anova: (Gender) x (Layout) x (Target velocity location)
x (Correct response type). The analysis revealed that Gender
and Correct Response Type factors significantly differentiated
mean task execution times at the level a« = 0.05
(Foender(1,2592) = 8.24, p = 0.0041, #?=0.0032;
Fcrr(2, 2592) = 163, p < 0.0001, #? = 0.11). The Layout and
Target Velocity Location effects along with all two- three- and
four-way interactions were irrelevant (o =0.05). The
statistically significant results are illustrated in Figs. 3 and 4.

2200

2150 -1

2100 o

2050 -1

Mean selection time (ms)

2000 } }

Females Males

Fig. 3. Gender effect on mean task execution time. Fgenger(1, 2592) = 8.24,
p =0.0041,

They show significantly longer mean task execution times
for women than for men (2137 ms + 21 MSE vs. 2054 ms +
20 MSE). Anova data regarding the Correct response type
effect indicate that subjects performed tasks decidedly faster
for the Keep option than for Decrease and Increase. As series
of LSD Fisher’s pairwise comparisons revealed the differences
between Keep vs. Decrease and Keep vs. Increase were
statistically relevant (« = 0.0001) while mean tasks executions
difference between Decrease vs. Increase was not significant
(o =0.1).

2400

2200 -+

2000 =

1800 -+

Mean selection time (ms)

1600 } } }

Decrease Keep Increase

Correct response type

Fig. 4. Correct response type effect on mean task execution time.
Fcrr(2, 2592) = 163, p < .0001.

B. Wrong selections

In total, subjects committed 150 errors which accounted
for 5.5% of all performed trials. On average men made more
mistakes (5.77%) than women (5.32%), however the
difference was statistically irrelevant (> = 0.25, p =0.62).
A Chi-squared test also showed no differences in the number
of committed errors depending on the control panel layouts
(*= 6.73, p=0.24) and Target velocity location (*>= 4.7,
p = 0.095). Meaningful discrepancies were detected for the
Correct response type (¥>= 87, p<0.0001). In this case
subjects committed only 0.33% mistakes for the Keep type
response, 6% for Increase and as much as 10.4% for the
Decrease condition.

C. Visual activity

The gathered visual activity data were first analyzed for
whole panels and a more in-depth insight was made by
exploring oculographic parameters in particular parts of the
presented stimuli, that is, sections containing control buttons,
target and current velocity. In both cases appropriate Area of
Interests (AOI) were defined in the BeGaze 3.6. application.

1) Analyses of variance for whole panels

A series of three standard three-way (Gender) x (Layout) x
(Correct response type) Anovas were performed to test the
significance of differences for three dependent variables: the
fixation duration, fixation count, and pupil diameter. Due to
the restriction of BeGaze 3.6. software in creating custom trial
stimuli to 50, it was necessary to exclude from further
analyses one of the experimental design factors. In order to
minimize the data loss it was justified to group data according
to one of the three levels factors. The Target velocity location
factor was excluded as its impact on the user behavior (that is,
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number of incorrect responses, and mean task execution times)
presented in previous sections of this paper was smaller than
for the Correct response type effect.

a) Fixation durations

A three-way Anova was employed to check whether the
Gender (females, males), Layout (BCT, BTC, CBT, CTB, TBC,
TCB), and Correct response type (Decrease, Keep, Increase)
factors have an effect on mean fixation durations. The
obtained results suggest significant impact of all main factors:
Feender(1, 16 786) = 55, p < 0.0001, #?=0.0033;
Ferr(2,16786) = 8.9, p=0.00014, #?=0.00106;
Frayout(5, 16 786) = 2.7, p=10.02, #?>=0.0008. Additionally,
the analysis revealed meaningful effect of (Layout x CRT)
interaction on average fixation durations:
Frayout x cr7(10, 16 786) = 1.9, p =0.037, »?=0.00115. All
other two and three way interactions were statistically
insignificant (o =0.05). Mean fixation durations for
meaningful effects are illustrated in Figs. 5-8. Fig. 5
demonstrates markedly longer mean fixation duration for
women (148 ms £ 0.99 MSE) vs. men (137 + 1.01 MSE).

2 150
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= 135 } 1
Females Males

Gender

Fig. 5. Gender effect on mean fixation duration for whole panels.
Foencer(1, 16 786) = 55, p < 0.0001, »? = 0.0033.

Data from Fig. 6 indicate that the shortest mean fixation
duration was for the Keep response type (138 + 1.35 MSE),
distinctly longer was the average fixation duration for the
Increase condition, (144 + 1.15 MSE) whereas the longest one
was detected for the Decrease case (145 + 1.14 MSE).
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Correct response type

Fig. 6. Correct response type effect on mean fixation duration for whole
panels. Fcrr(2, 16 786) = 8.9, p = 0.00014, ;2 = 0.00106.

Aseries of LSD Fisher’s analyses revealed that the
difference in means for Increase and Decrease levels were
irrelevant  (p =0.69) while other level pairs differed
significantly (a« = 0.0005).

Results illustrated in Fig. 7 show that the shortest mean
fixation duration was obtained for the CBT panel layout
(138 ms = 1.67 MSE) while the longest were computed for
CTB condition (146 ms + 1.71 MSE). LSD Fisher’s post-hoc
comparisons revealed significant differences between the
following pairs of Layout versions: CTB vs. BCT (p =0.01)
and CBT (p = 0.003); BTC vs. CBT (p =0.02); CBT vs. TCB
(p = 0.048).

—_
w
(==}

145 +

135 +

Mean fixation duration (ms)
—_
~
o
1
T

Panel layout type

Fig. 7. Panel layout type effect on mean fixation duration for whole panels.
Frayout(5, 16 786) = 2.7, p = 0.02, #* = 0.0008.

While analyzing fixation duration means for the Layout
and Target velocity location interaction presented in Fig. 8 one
may observe that generally values for the Keep and Decrease
variants of Correct response type effect follow the pattern
given in Fig. 7. For the Keep condition, however, fixation
duration means are always smaller than for the Decrease
option. As far as the Increase case is concerned, it may be
noticed that for Layouts BCT and BTC the means are smaller
in comparison with the Decrease condition, but for CBT and
TCB the situation is reversed: longer average fixation
durations are for the Increase condition. Finally, for the
remaining TCB and CTB layouts the means are almost
identical for the Increase and Decrease variants.

Dectrease, Keep, Increase
160 P

150 -+

140 +

130 +

Mean fixation duration (ms)

120 f f f f f f
BCT BTC CBT TBC CTB TCB

Panel layout type

Fig. 8. Panel layout type x Correct response type interaction effect on mean
fixation duration fixation duration for whole panels. Fiayou « crr(10, 16 786) =
1.9, p = 0.037, * = 0.00115.
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b) Number of fixations

The influence of Gender, Layout, and Correct response
type effects on a mean number of fixations was formally
verified by a three-way Anova. Due to the limit regarding the
number of custom stimuli in the BeGaze software and
resulting from this exclusion of Target velocity location, the
fixation count was aggregated by this factor. Thus, to make
the interpretation of the results more intuitive, the cumulative
number of fixations was divided by three to get the average
fixation count per one panel version.

The analysis revealed a strong, statistically significant
impact of the Correct response type factor (Fcrr(2, 792) = 68,
p < 0.0001, »? = 0.15). The remaining two effects along with
all interactions occurred to be irrelevant (Fgender(1, 792) = 2.1,
p = 0.15; Frayour(5, 792) = 1.03, p = 0.4). The values of a mean
number of fixations for the significant effect are graphically
presented in Fig. 9. The data shows that the lowest mean
number of fixations was observed for situations when subjects
were to keep the current velocity unchanged (5.35 + 0.146
MSE) than when the Decrease (7.5 + 0.146 MSE) or Increase
(7.4 £ 0.146 MSE) buttons had to be selected. LSD Fisher’s
analyses confirmed significant differences (« = 0.0001)
between Keep vs. Decrease and Keep vs. Increase levels, and
no difference between Decrease vs. Increase levels (p = 0.64).

8.0

75
7.0 +
6.5 =
6.0 +

55 =+

Mean number of fixations

5.0 } } }

Decrease Keep Increase

Correct response type

Fig. 9. Correct response type effect on mean number of fixations.
Fcrr(2, 792) = 68, p < 0.0001, #? = 0.15.

c) Pupil diameters

Similar approach was applied to test the Gender, Layout,
and Correct response type impact on the pupil diameter. This
time, the three-way Anova showed meaningful effects of
Gender (Fgender(1, 16 679) = 519, p < 0.0001, #?>=0.03) and
Correct response type (Fcrr(2,16 679) = 8.2, p=0.0003,
7>=0.001). The Layout factor (Firayou(5,16679) = 1.3,
p=0.27) and all interactions were insignificant (a =0.1).
Significant factors are presented in Fig. 10 and 11. Fig. 10
demonstrates that in males the average pupil diameter was
decidedly smaller (3.54 mm +0.0051 MSE) than in women
(3.71 mm =+ 0.0053 MSE).

As far as Correct response type is concerned, one may
observe in Fig. 11 that the subjects for the Keep level
exhibited the  smallest average  pupil  diameter
(3.6 mm £ 0.0071 MSE) while the highest values of the mean
pupil size were recorded when the experimental task required
to Increase the current velocity (3.64 mm + 0.006 MSE). For

the Decrease condition the value was in between Keep and
Increase (3.62 mm £ 0.006 MSE). LSD Fisher’s comparisons
showed significant (a = 0.05) differences between all levels of
this factor.

3.75

Mean pupil diameter (mm)

3.50 } }
Females Males

Gender

Fig. 10. Gender effect on mean pupil diameter. Feenger(1, 16 679) = 519,
p < 0.0001, #* = 0.03.

3.70

3.65 +

3.60 +

Mean pupil diameter (mm)

3.55 ; ; ;

Decrease Keep Increase

Correct response type

Fig. 11. Correct response type effect on mean pupil diameter.

Ferr(2, 16 679) = 8.2, p = 0.0003, 72 = 0.001.

2) Analyses of variance for panel components

In order to analyze what was the subjects’ visual behavior
in relation to the main panels’ components, a series of two-
way Anovas was applied. Together with a Panel component
type, a Gender effect was included to test if an interaction
exists.

a) Fixation durations

The examination of the influence of Panel component type
and Gender on the fixation duration by Anova showed
significance of both examined factors: Fgenger(1, 16 669) = 52,
p < 0.0001, #?=0.0031; Fcomponens(2, 16 669) = 63,
p < 0.0001, ? = 0.0076. The interaction between these effects
was not statistically meaningful
(Feenderxcomponents(2, 16 669) = 1.03, p = 0.36). The results
regarding Gender are naturally identical to the Anova findings
from the whole panel analysis. As to the panel Components
factor, the Anova showed noticeably longest fixation durations
for the Control buttons section (153 ms+ 1.41 MSE). The
shortest mean was obtained for the Current velocity
component (135 ms+ 1.1 MSE). The fixation duration mean
for the Target velocity was in between (142 ms+ 1.2 MSE).
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These data are graphically presented in Fig. 12. The outcomes
of LSD Fisher’ tests proved the statistical significance of
differences between all factor conditions (o = 0.0001).

140 =+

Mean fixation duration (ms)

130 } } }

Current
velocity

Control
buttons

Target
velocity

Panel components

Fig. 12. Panel component type effect on mean fixation duration.

Fcomponents(2, 16 669) = 63, p < 0.0001, 52 = 0.0076.

b) Number of fixations

The data for this analysis were prepared analogically to the
fixation count analysis for the whole control panels. The
findings obtained by (Panel component type) x (Gender)
Anova confirmed significant influence of the Panel
components effect on the mean number of fixations
(Fcomponents(2, 2425) = 150, p < 0.0001, #*> = 0.11).

Average values of the number of fixations depending on
the Panel components factor are demonstrated in Fig. 12. The
lowest mean fixation count was recorded for the Target
velocity case (1.7 = 0.043 MSE) whereas the biggest number
was registered for Current velocity (2.7 +0.042 MSE). The
average fixation count for the Control buttons section
amounted to 2.5 + 0.043 MSE. Post-hoc LSD Fisher’s
tests showed statistically important differences between all
pairs of levels at o = 0.0005.

2.8

N
~
[
]

20 +

Mean number of fixations
_
=N
1
T

Current
velocity

Control
buttons

Target
velocity

Panel components

Fig. 13. Panel component type effect on mean number of fixations.
Fcomponents(2, 132) = 25, p < 0.0001, »* = 0.27.

Gender along with the Gender x Components interaction
occurred to be statistically irrelevant: Feender(1, 2425) = 2.5,
p = 0.11; Feender<Componenss(2, 2425) = 1.9, p = 0.15.

c) Pupil diameters

Another two-way Anova examined the impact of Gender
and Panel component type on the pupil diameter. The obtained
data provide evidence for the meaningful influence of the
Panel component type factor on pupil diameter means
(Fcomponents(2, 16 669) = 70, p < 0.0001, »? = 0.008). The data
presented in Fig. 14 show that on average the smallest pupil
diameter ~was for the  Current velocity level
(3.59 + 0.0057 MSE), slightly bigger for Target velocity
(3.60 £ 0.0074 MSE), and markedly higher for the panel
section with Control buttons (3.68 +0.0060 MSE). LSD
Fisher’s comparisons revealed important between Current
velocity vs. Control buttons and Target velocity vs. Control
buttons. The discrepancy between Current and Target velocity
was insignificant (« = 0.05). The outcome regarding Gender is
the same as in the Anova results from the whole panel
analysis. No interaction between Panel component types and

Gender was observed:  FgenderxComponens(2, 16 669) = 2.2,
p=0.12.
3.70

g

&

3]

T 365 =+

g

S

o

i

' 3.60 =

o

=

«

o

=

3.55 } } }
Target Control Current
velocity  buttons velocity
Panel components

Fig. 14. Panel component type effect on mean pupil diameter.

Fomponents(2, 16 669) = 70, p < 0.0001, 2 = 0.008.

IV. DiscussiON AND CONCLUSION

The presented study examined the impact of mutual
location of panel basic components (control buttons, current
and target velocities), target velocity location on the clock-
face speedometer, and a correct response type on usability.
The usability analysis included both typical performance
measures along with spatiotemporal oculographic data.

The obtained data showed that women executed the
experimental tasks slower than men and committed
comparable number of mistakes. This outcome is partly
consistent with tasks performed in some previous works (e.g.
[4], [21], where women were slower than men but were more
accurate. The overall number of errors in this study was more
than twice as big as in [21] which indicates a more difficult
task. Thus, it seems that the increase in cognitive workload
necessary to complete atask eliminated better results of
women effectiveness.
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The lack of panel layout influence on task completion
times was somewhat surprising since one could predict longer
times for arrangements where the target and current sections
were separated by the control buttons section. However, this
was not the case which suggests that the task mental workload
seemingly stronger influenced the total trial execution time
than time needed for moving the eye balls between these panel
components. Furthermore, in the experimental task necessary
mouse movement were relatively short, and probably were
performed during making the decision and searching for the
correct button, and thus, did not affected the efficiency results.

Tasks completion times depended strongly on the Correct
response type factor. For cases when the Decrease or Increase
response was expected the task lasted on average about 30%
longer than for the Keep option. Interesting is also the fact of
committing drastically more errors for the Increase and
Decrease in comparison with Keep where the number of errors
was symbolic (merely 0.33%). Regarding effectiveness, the
thought-provoking is the finding showing markedly bigger
proportion (by more than 4%) of incorrect responses for the
Decrease condition versus Increase, all the more that the
completion times for these two levels were similar.

The oculographic data analysis presented in the current
study was confined to the simplest and the most common
measures. They included fixation count, fixation durations,
and pupil diameters. The analysis of overall dwell times for
consecutive experimental conditions was not conducted since
they corresponded fully to the total task completion times
discussed earlier.

The conducted analyses provide evidence of significant
impact of three examined factors differentiating stimuli on
average fixation times. As early as in 1935, Buswell [6]
noticed that longer fixations are associated with more difficult
the visual task is. Similar findings were also provided in later
studies (e.g. [13] or [17]). In view of these findings, longer
mean fixation durations for females than males show that the
experimental task was more difficult and required more
attention for women than men. Similar confirmation of the
efficiency data analysis by visuospatial results is observed for
the Correct response type effect where the mean values of task
completion times exhibit the same pattern as average fixation
durations.

On the other hand, the significant differentiation of mean
fixation times by (Panel layout) and (Panel layout x Target
velocity location) factors was not observed for the task
completion times. Thus, visual activity data in this respect
provided additional information on how the overt attention
was distributed during task executions. It seems that, in
general, arrangements with target velocity section located at
the bottom of the panel required the least attentional effort
whereas for options with control buttons at the panel bottom
the attentional cost was the biggest. Additional interesting
observations can be drawn from the Panel layout type
x Correct response type interaction (Fig. 8) where the main
source of the interaction effect was caused by the Increase
option results. These qualitatively different outcomes might
have resulted from a stronger emotional attitude indicated by
bigger pupil dilations [5] registered for Increase stimuli than

for other conditions (Fig. 11). This effect may stem from
people’s real life experiences where increasing the vehicle
velocity can induce arousal. Larger pupil sizes were also
observed for women vs. men. Such a result suggests either
different emotional response [5] or bigger task difficulty for
females than males [18].

A more detailed insight into the subjects’ visual behavior
was achieved by analyzing oculographic parameters for panel
components across all conditions. Results regarding fixations
revealed shorter but more numerous fixations for the Current
velocity section as opposed to decidedly fewer but longer
mean fixation durations for the Target velocity section. This
finding might result from different presentation of the target
and current velocity, and suggests different visual
characteristics for them. The information demonstrated by
adigital speedometer required longer mental processing
accompanying by smaller number of attention shifts which
could be caused by a more compact data presentation. On the
other hand, the analogue (clock-face) speedometer seemed to
be easier processed, therefore average fixation times were
shorter. However, since the area covered by this section was
twice as big as in the digital case, the number of necessary
fixations to identify displayed velocity was bigger.
Interestingly, mean pupil sizes results showed strongest
arousal for the Control buttons panel section. This may be
associated with the excitement accompanying the moment of
making a decision.

In comparison with data presented by [13] regarding good
and poor panels’ designs, overall, the current study
experimental tasks required less attention (142ms vs. 401ms)
but required markedly bigger number of fixations (6.75 vs.
2.35). In [13], the number of fixations was related to the
number of objects that a participant needed to process before
finding the appropriate one. In the present experiment the
fixations count is bigger probably due to the repetitive shifting
between panels components since the functional grouping of
target objects did not exist.

Some of the obvious limitations regarding the presented
study are concerned with the eye tracking methodology
applied. Analyses and interpretations such data relate only to
the so called overt attention [12] while the covert one is
registered. Moreover, oculographic data refer only to foveal
vision and the peripheral field of view in not taken into
account. Due to the article length restrictions, not all possible
visual activity measures were analyzed. Some additional
parameters could include scan path lengths, relations between
the number of saccades and fixations etc. Given the nature of
the experimental task which required comparisons between
two types of information, it seems that an analysis of
transitions between AOIs or even their parts could also be
especially interesting. In this regard, a further extension of the
current study is possible by attempting to model the obtained
eye tracking data by means of the Hidden Markov Process.
Some additional comparative analyses with similar control
panels in a real environment may also be conducted in future
research.

Despite the abovementioned limitations, the current
research provides valuable contribution by extending our
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theoretical knowledge not only about the influence of
examined factors on control panel design but also about the
nature of visual activity patterns accompanying simple
monitoring tasks. The presented findings may also be used by
ergonomic practitioners and software developers while
designing digital versions of various types of control panels.
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