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Abstract: In order to obtain related brain electrical components
and neural bases of physiology assessment of icon elements in
a digital human-computer interface, the modified sample-delay
matching task experimental paradigm is used under different
time pressures (4 000 and 2 000 ms) and different icon
quantities (three, five and ten icons) on icon memory based
on event-related potential ( ERP) technology. Experimental
results demonstrate that P300 has significant volatility changes
and the maximum amplitude around the middle line of the
parietal area (PZ) and P200 has obvious volatility changes
around the middle line of the frontal and central area (FCZ)
during icon cognition. P300 and P200 amplitudes increase as
tasks become more difficult. Thus, P300 latency is positively
task difficulty. ERP
characteristics of icon memory will be an important reference
standard in guiding wuser neurocognitive behavior and
physiology assessment on interface usability.
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‘ x T ith the wide application of computer and informa-

tion technologies in the digital human-computer in-
terface ( DHCI), the computer digital interface has in-
creasingly replaced traditional man-machine hardware in-
terfaces and becomes a main carrier of complex systems
and human-computer interaction systems. As a key com-
ponent of the DHCI, icons have become a bridge con-
necting users and human-computer interactions of com-
plex systems. As information sources for computer digital
interfaces in complex systems become more and more in-
formative, information structural relations become more
complicated. In this line, icons can simultaneously im-
prove cognitive efficiency and operating performance in
task execution. Batch repetitive operation, information
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overlap, processing and memory load for numerous icons
have brought about a sharp increase in memory load,
which has led to misuse and human error. Moreover, the
interface is an important component of the user experi-
ence, eliciting a purely subjective feeling while using a
product.

Event-related potential ( ERP) means brain electrical
activity and it is an important methodology in cognitive
neuroscience research, since it has high time resolution,
good reliability and validity and can realize synchroniza-
tion lock between EEG and experimental task operation.
Indicators such as the amplitude, latency, potential and
spatial frequency of the electric current of ERP can pro-
vide information on working brain processes. This, in
turn, directly reflects the electrical activity of nerves and
builds mapping and corresponding relationship among op-
erational tasks, brain electrical signals and functional re-
gions. ERP technique application in the DHCI is to seek
the DHCI research methods of human endogenous law.
Using real-time tracking and brain electrical signal analy-
sis during interface cognition, we can examine the de-
tailed cognitive rules of visual information for different
interfaces, and build a visual
method and design specifications.

ERP research on icon memory can examine user brain
electrical activity in their local interface experience.
Using the ERP physiological assessment method, we can
obtain the usability and reliability of icons in the interface
by electrical indicators. This will be an essential part of
interface evaluation, providing corrections and improve-
ments for late-stage icon design. We obtain the brain
electrical basis of the user’s icon memory, which is a
positive interdisciplinary contribution to both human-ma-
chine interactive areas and cognitive neuroscience. Previ-
ous icon research is mainly based on icon usage'", icon

information evaluation

visual features', computer icon design'’, user age'*,
tactile icon technology'” and a special case study of emer-
gency medical information system icons'®. Since these
studies are based on behavioural and not physiological us-
er data, the purpose of this study is to investigate the neu-
ral mechanism of icon memory.

In cognitive load and working memory of visual infor-
mation processing, researchers have conducted the fol-

lowing studies: the relationship between reaction time
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(RT) and prompt forms'”'; colour, direction and move-
ment distribution in attention systems'*'; length and inter-
ference influence in working memory stores'”
7. ERPs in spatial working memory
; test time selection of memory process in work-

; cognitive
function disorders
tasks'"!
ing memory''”'; and fERN under high load'"'.

In P300 ERP research, some scholars have investigated
P300 in air traffic control systems''*', electrophysiological
evidence of dual task interference by the use of P300 la-
tency'”, P300 amplitude”” and P300a and P300b'"”'. In
P200 ERP research, studies are conducted on P200 in vis-
ual search experiments'™, P200b in related task process-

. 19 . . . . .
ing'” and P200 in early semantic processing of visual in-

. 20
formation™” .

Main task measurement'”"’
which icon quantities and time pressures are control con-
ditions under the same task component type and complex-
ity. The experimental paradigm used in this study is the
modified sample-delayed matching task paradigm based
on the experimental working memory paradigm'* ™"
which contains the following three stages:
entation, learning and memorization, and judgment and
reaction.

is adopted in this study, in

stimulus pres-

1 Experimental Procedures
1.1 Participants

Participants consist of 20 students (10 males and 10 fe-
males) with different majors from Southeast University,
including 6 undergraduates, 10 graduates and 4 doctors,
with a high proficiency with computer systems or digital
interfaces. The participants are between 20 and 28 years
of age (mean = 24 years),
They have normal or corrected visual acuity and have no
history of mental illness or brain trauma. The study pro-
tocol is approved by the Southeast University Ethics Com-
mittee.

and they are right-handed.

1.2 Tasks and procedures

Each participant put on an electrode cap and sat in a
comfortable chair in a soft light and soundproofed room,
and eyes gazed at the center of the screen. A 17-inch
CRT monitor with a 1 024 x 768 pixel resolution was used
in the experiment. The distance between participant eyes
and the screen was approximately 100 cm, while the hori-
zontal and vertical picture viewing angle was within
2,30 B

Fig. 1 is the schematic of the experimental flow. In or-
der to make participants familiar with the task, practice is
carried out before the experiment. The first step, the con-
tinuous different icon quantities ( first 3, then 5, at last
10.) under different times ( first 4000 ms, then 2000
ms. ) are shown to the participants who need to remember
The second step, a
sample icon is present randomly to the participants who

the characteristics of these icons.

recall whether the sample icon has appeared before. The
third step, participants make judgments and reactions af-
ter the emergence of the blank screen and respond by
pressing the “A” key if the icon has appeared and the “L”
key if not. The last step, participants are asked to fixate
on a black cross in the center of a CRT screen for 1 000
ms, and then the next round task starts.
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Fig.1 Modified sample-delayed matching task paradigm

In this experiment, the stimulus variable is set icons,
with each icon uniformly applied most commonly as 48 x
48 pixel. Icons with identical style and size and no colour
from different areas are selected to exclude interference
from other factors. Icon quantities'™ (three, five and ten
icons) and time pressures (2 000 and 4 000 ms) are used
in this study. There are six changes between the variables
and 60 superposition times for each level to ensure experi-
mental reliability.

1.3 EEG recording

Stimuli are presented using E-primel. 1 software. Neu-
roscan SynamP2 amplifier (Scan 4. 3.1, Neurosoft Labs,
Inc. ) continuously records EEG (0. 05 to 100 Hz band-
pass; 500 Hz/channel sampling rate) using an electrode
cap with a 64 Ag/AgCl electrode based on the extended
international 10-20 system. A reference electrode is
placed in the binaural protrusions. The ground electrode
is located at the midpoint between FZ and FPZ. Electrode
impedance is maintained below 5 k() throughout the ex-
periment.

1.4 Data analysis

EEG recording started from a white screen with a time
segment from - 100 to 600 ms,
fragment rejection when volatility was greater than 80
wV. Epoch depended on the variable type (time pres-
sures: 2 000 and 4 000 ms; three, five
and ten icons); each of which needed superposition and
were averaged separately. Next, the EEG needed a 30-Hz
low-pass filter (48 dB/octave). For subject data analy-
sis, repeated measures by ANOVA and paired-sample
t-tests were used, and the significance level was set to be
0.0s.

causing EEG artifact/

icon quantities:
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2 Results

2.1 Behavioural data analysis

Behavioural data, including icon memory recognition
accuracy rate (ACC) and reaction time (RT), are recor-
ded in accordance with key answers provided by the par-
ticipants. ACC refers to the ratio between the number of
correctly recognized icons and the total number of icons
used. Non-reaction test data is not included in the calcu-
lation. RT refers to the period between seeing the target
which
is based on the shortest icon memory discrimination rec-

stimulus and identification ( pressing “A” or “L”),

ognition time and indicates the differences between cogni-
tive memory processing and learning recognition.

For the same number of icons, the average deviation
and standard deviation ( SD) of the ACC and RT under
4 000 ms are lower and faster, respectively, than those
under 2 000 ms (see Fig.2). The size order of the ACC
to different icon quantities under 4 000 and 2 000 ms is 3
>10>5 and 3 >5 > 10 icons, respectively, and the SD
order is 10 >5 >3 icons under both 4 000 and 2 000 ms.
The size order of RT to different icon quantities under
4 000 and 2 000 ms is 5 >10 >3 and 10 >3 >5 icons, re-
spectively, and the SD order is 5 >10 >3 and 10 >5 >3
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Fig.2 Box plot. (a) Accuracy rate under different conditions; (b)
Reaction time under different conditions

4 000

icons, respectively.

The ACC and RT data are analyzed using paired-sam-
ple t-tests and results are as follows: 1) The mean ACC
has significant differences for three (p =0. 028 3) and
five icons (p =0.000 5) between 2 000 and 4 000 ms.
The mean RT shows significant differences for three (p =
0.004 8) and ten icons (p =0.020 2) between 2 000 and
4 000 ms. 2) The mean ACC shows significant differ-
ences under 4 000 (p =0.000 0) and 2 000 ms (p =
0.000 0) between three and five icons. Significant differ-
ences between three and ten icons under 4 000 ms (p =
0.000 0) are also found.

2.2 Brain electrical data analysis

We selected six electrodes in the prefrontal cortex, in-
cluding F3, FZ, F4, FC3, FCZ and FC4 and seven elec-
trodes in the parietal-occipital-temporal association cor-
tex, including the left P3, PO3 midline of CPZ, PZ,
POZ, and the right side P4 and PO4.

Based on ERP components related to numerous studies
on working and short-term memory in the prefrontal and
parietal-occipital-temporal association cortex***', P200
and P300 are especially important for icon memory. The
peak latency of the P300 ERP component is approximate-
ly 300 to 600 ms.

P300 indicates neuronal activity in the cognitive
process. Numerous studies have shown that P300 is re-
flected by elements such as subjective probability, stimu-
lus importance, decision making, decision-making confi-
dence, stimulus uncertainty, attention, memory, emotion
and other factors.

P200 usually appears as a significantly positive compo-
nent after N1 in the fronto-central cortex, where the la-
tency is approximately 200 ms, which is related to the
early identification of target stimuli and reflects task-relat-
ed processing.

2.2.1 P300 analysis

The EEG analysis under different icon quantities is as
follows. Repeated ANOVA of mean amplitudes for 300
to 500 ms in 2 (i.e., different time pressures: 4 000 and
2 000 ms) x7 (i.e., seven selected electrodes: PO4,
P4, POZ, PZ, CPZ, PO3 and P3), and 3 (i.e., the
number of icon quantities: three, five and ten) x7 (i.e.
seven selected electrodes: PO4, P4, POZ, PZ, CPZ,
PO3 and P3) were conducted. ANOVA showed that
mean amplitudes at 300 to 500 ms had significant differ-
ences neither between time pressures and electrodes nor
between icon quantities and electrodes. Furthermore,
there were no interactions not only between time pressures
and electrodes but also between icon quantities and elec-
trodes, since all p values were less than 0. 05.

Therefore, the ANOVAs of mean amplitudes in both
time pressures and the three brain regions (left, middle
and right) with different icon quantities were conducted,
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wherein the seven electrodes were divided into right
(PO4, P4), middle (POZ, PZ and CPZ) and left sides
(PO3, P3). ANOVA results showed that the mean am-
plitudes of brain areas all had main effect significances in
different icon quantities (three icons: F(4,16) =4. 664,
p =0.045; five icons: F(4,16) =8.185, p =0.012; ten
icons: F(4,16) =13.940, p =0.002). Paired-sample t-
tests of mean amplitudes among the right, middle and left
sides with different icon quantities were performed sepa-
rately; if there were significant differences in any region,
further t-tests of the mean electrode amplitude included in
each region were conducted to determine electrodes with
significant differences under both time pressures. Results
show that the mean amplitude of PZ has significant differ-
ences (p =0.018) in the maximum amplitude between
4000 (M=1.3642) and 2 000 ms (M =2.281 4) with
three icons.

Using the same method as above, the EEG analysis
shows that the mean amplitude of all the electrodes except
PZ does not have significant differences among different
icon quantities under both time pressures. According to
the above P300 results, the central zone of the parietal
cortex presents obvious positive voltage under 2 000 ms
compared with that under 4 000 ms; therefore, the PZ
potential in the parietal cortex is of utmost concern with
three icons under different time pressures. With three i-
cons, the PZ electrode has an obvious P300 late compo-
nent during the 300 to 500 ms time period under 4 000
and 2 000 ms. The wave peak of 2 000 ms is larger than
that of 4 000 ms, consistent with the aforementioned av-
erage statistical analysis, revealing that subjects require
more psychological and cognitive resources and endure
heavy memory load under 2 000 ms (see Fig. 3). The
P300 amplitude at 2 000 ms is larger than that at 4 000
ms, which is also in accord with previous studies of the
dual task experiment in which amplitude is positively cor-
related with psychological resources'™ . P300 latency un-
der 2 000 ms is longer than that under 4 000 ms, which is
also in accord with Kutas’s conclusion'™ which states that
P300 latency is positively correlated with task difficulty.
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Fig.3 PZ electrode potential oscillogram of three icons under
2 000 and 4 000 ms

2.2.2 P200 analysis
The P200 component analysis procedure is similar to
that of P300. Compared to P300, the differences of P200

component analyses are the selected electrodes (FC4, F4,
FCZ, FZ, F3 and FC3) and the time period (100 to 300
ms). Results show that under the five-icon condition, the
mean FCZ electrode amplitude under 2 000 ms (M =
0.439 3) is significantly higher (p =0.0256) than that of
4000 ms (M =0.2319) in the middle region. Moreover,
the FCZ electrode in the prefrontal central region is the
key factor with five icons under different time pressures.
Using five icons, the FCZ electrode has an obvious P200
component during the 100 to 300 ms period under 4 000
and 2 000 ms time pressures, and the latency of P200 un-
der 2 000 ms is posterior to that under 4 000 ms ( see Fig.
4). The difficulty of early task identification and P200 la-
tency may have a positive correlation. Additionally, NI
also appears in the fronto-central cortex prior to P200, in
accord with the conclusion obtained previously by Potts et
al'™.
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Fig.4 FCZ electrode potential oscillogram of five icons under
2 000 and 4 000 ms time pressure

The peak potentials of P300 and P200 are distributed in
the parietal and prefrontal central cortices; the P300 for
three icons under 2 000 ms (peak value: 2.850 WV, 342
ms) is more remarkable than that under 4 000 ms ( peak
value: 1.746 pV, 364 ms) in the parietal cortex, while
the P200 for five icons under 2 000 ms ( peak value:
1.504 wV, 228 ms) is more notable than that under
4 000 ms (peak value: 0.839 WV, 225 ms) in the pre-
frontal cortex (see Fig.5).

3 Discussion

P300 amplitude is used as an indicator of information
processing capacity, revealing event stimulus classifica-
tion network activities that are jointly regulated by atten-
tion and working memory''”. Our study also proves that
the memory capacity is related to P300 amplitude, which
needs further elucidation with respect to icon memory and
recall. Previous studies concluded and summarized on
P300a and P300b, wherein P300b was found to be reflec-
ted in the parietal cortex, which might be related to atten-
tion and memory mechanisms of top-down driven
tasks!"”'. Overall, we find that the heavier the task load,
the larger the P300 amplitude of PZ. This is consistent
with previous findings on working memory"™”’ .

With regard to P200, a previous study™ found that
P200 latency might be associated with early semantic pro-

[20

cessing of visual information. In FCZ potential, we can
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Voltage/ WV :

() (d)
Fig.5 Topographic maps of maximum amplitudes of P300 at
PZ and P200 at FCZ. (a) P300: 3 icons x4 000 ms (364 ms); (b)

P300: 3 icons x2 000 ms (342 ms); (c) P200: 5 icons x 4 000 ms
(225 ms); (d) P200: 5 icons x4 000 ms (228 ms)

find an obvious N400 which was originally discovered in
a semantic experiment in which sentences had incongruent
endings"" .
and find that 76% of participants translated the image
codes into literal codes in order to finish the task. The
N400 component in our study might have been evoked by
multiple dimensional conflicts of icon quantities and time
pressures, as well as icon semantic transition including
image and literal codes. Focus analysis on FCZ of the
fronto-central cortex found the emergence of N100 pre-
ceding the appearance of P200. This conclusion is con-
sistent with a previous report on presentation law in the
early visual recognition component'"” .

One previous study'” found that short-term memory
span was (7 £2) chunks and short-term memory capacity

After the experiment, we conduct a survey

was approximately 7 chunks. Compared with the icon
quantities in our study, only three and five icons under
different time pressures had significant ERP differences in
different brain areas. However, there were no differences
in ERP when ten icons appeared. This phenomenon might
be caused by icon overload, although the reason behind
selecting ten icons was based on the complexity of the in-
terface element in a complex system. Biederman’s object
identification theory'*
depended on the object’s edge rather than surface infor-
mation, such as colour. Based on this theory, we chose
icons without a colour code to eliminate its potential
effect on the aim of our experiment. The “real” icon,
which includes colour and shape codes, will be sequen-
tially analyzed in future experiments. Why were three and
five icons capable of causing noticeable P300 and P200
EEG changes, while ten icons were not? What is the con-
nection between RT and ACC? These questions will be
addressed in future studies. Furthermore, we will explore
the brain mechanism involved in the functional modules

showed that object identification

of the digital interface, such as layout, navigation bar
and information coding form.

4 Conclusion

P300 has significant volatility changes and the maxi-
mum amplitude around the PZ area and P200 has signifi-
cant changes around the FCZ area under different condi-
tions. Overall, the more difficult the task, the larger the
P300 and P200 amplitudes. P300 latency is positively
correlated with task difficulty. The user experience engi-
neer and GUI designer can utilize P200 and P300 as a ref-
erence standard in interface design and evaluation proces-
ses.
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