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Comparative analysis of the effects of the
computer-based and paper-based trail
making tests on oxygenation in the prefrontal
cortex
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Abstract

The trail making test (TMT) is a commonly used tool for evaluating executive functions, and the activation of
cerebral oxygenation in the prefrontal cortex (PFC) during the test can reflect the participation of executive
function. This study aimed to compare the differences in cerebral oxygenation in the PFC between the computer-
and paper-based versions of the TMT and provide a theoretical basis for the optimization and clinical application
of the computer-based version. A total of 32 healthy adult participants completed the computer- and paper-based
TMT Types A and B. Cerebral oxygenation changes in the PFC were monitored during the experiment using near-
infrared spectroscopy. Moreover, average changes in oxyhemoglobin (Aoxy-Hb) levels at the baseline and during
activation periods in different types of testing were compared and analyzed. The number of correct connections
in the computer-based version Type B was less than that in the paper-based version Type B (p<.001). The task
time of the computer-based version was longer than that of the paper-based version (p<.001). The B/A ratio

of the number of correct connections in the computer-based version was lower than that in the paper-based
version (p<.001). The Aoxy-Hb in the PFC of the paper-based version was higher than that of the computer-
based version (p<.001). Significant differences in oxygenation in the PFC were observed between the paper- and
computer-based versions of TMT. After further improvement and correction in the subsequent development of the
computer-based TMT, and taking into account the psychological feelings and preferences of the participants when
performing different versions of the TMTs, the computer-based TMT is expected to play a good auxiliary role in
clinical evaluation.
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Introduction

Executive functions involve the integration of cognitive
processes such as working memory, abstract reason-
ing, response inhibition, and task switching [1-3], and
the damage of the prefrontal cortex (PFC) is the basis of
executive function impairment [4]. PFC plays a crucial
role in cognitive control and executive function. PFC
activation during a task indicates the use of cognitive and
executive resources, such as attention, working memory,
motor planning, and task switching [5]. Changes in brain
function during cognitive tasks are closely related to the
activation of neurons in relevant brain areas. Neuronal
activation induces cerebral vasodilation, thereby increas-
ing regional blood flow and blood oxygen levels in the
brain-active areas, which in turn increases oxyhemoglo-
bin (oxy-Hb) concentration and decreases deoxyhemo-
globin (deoxy-Hb) concentration [6]. Oxy-Hb, deoxy-Hb,
and other cerebral oxygen indicators can reflect changes
in regional brain tissue blood flow, and oxy-Hb is the
most sensitive and widely used index [7-9]. Changes in
cerebral cortical hemodynamics can be monitored in a
noninvasive and real-time manner using functional near-
infrared spectroscopy (fNIRS) [10]. The monitoring data
of fNIRS are highly consistent with the results of blood
oxygen level-dependent functional magnetic resonance
examination, but they have better temporal resolution
[8]. The equipment of fNIRS is easy to carry and cost
effective [11]. Therefore, it is an important monitoring
method for the dynamic evaluation of brain function. For
monitoring oxy-Hb and deoxy-Hb concentrations in the
brain tissue, near-infrared light (650—1,000 nm) is emit-
ted and received by an optical probe attached to the sur-
face of the tissue [12].

In 2005, the National Institute of Neurological Disor-
ders and Stroke-Canadian Stroke Network established
standardized neuropsychological assessment criteria for
vascular cognitive impairment [13]. The trail making test
(TMT) is one of the recommended tools for assessing
executive functions and is also applicable to the Chinese
population with stroke [14, 15]. The traditional TMT, a
paper-based assessment method, has been widely stud-
ied and used in clinical practice [16]. With the develop-
ment of technology, new versions of the TMT combined
with computers, tablets, and other digital tools have been
developed. Computer-based tests have been increasingly
used in clinical practice and research due to their high
repeatability, automatic management, objectivity, and
accuracy [17-19]. A previous study developed a com-
puter-based version of the TMT and applied it to older
adults [18]. In this study, a digital variant of the TMT and
other cognitive tests were used to classify participant as
health or neurological disease. But the authors show that
it is not sufficient to effectively assess individual cognitive
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performances and actual health or disease status from
the scores of cognitive tests alone.

Because the prefrontal cortex plays an important role
in cognitive executive function, fNIRS acquaints and
analyze the compensatory hemodynamic changes in real
time during task performance due to the increased oxy-
gen demand in the activated PFC region [20]. Rehabili-
tation professionals perform the selection between the
widely used paper-based cognitive tests and the increas-
ingly accepted computer-based cognitive tests is still
based on their clinical experience. However, there is an
absence of specific methodologies to inform rehabilita-
tion professionals which cognitive tests are suitable for
clinical use [21, 22]. Conventional cognitive assessment
does not measure objective indicators, such as the partic-
ipant’s brain activity, and the participant’s cognitive per-
formance could be affected by confounding factors, such
as fatigue, mood status and environmental disturbances
[23]. By mapping cognitive performance to brain regions
with known functions, it can provide objective evidence
for the similarities and differences of neurophysiologi-
cal mechanisms between computer- and paper-based
cognitive tests, and will be more scientific in the selec-
tion of clinical cognitive assessment methods for clinical
physicians.

We developed the computer-based TMT in this study
and hypothesized that the results of the computer- and
paper-based TMTs and the oxygenation activity in the
prefrontal cortex were basically consistent. In addition,
we chose to conduct the computer- and paper-based
TMTs and monitoring the prefrontal cortex hemo-
dynamic changes in the young population with high
acceptance of electronic products in order to avoid bias
between the results of computer and paper cognitive
tests being affected by the low proficiency and accep-
tance of electronic products in the elderly.

Methods

Participants

We used PASS software to calculate the sample size and
found that a sample size of 6 achieves 95% power to
detect a mean of paired differences of 1.7 with an esti-
mated standard deviation of paired differences of 0.9 and
significance level (alpha) of 0.05, effect size of 1.88889,
and 1-p of 0.95398 using a two-sided paired t-test. A
total of 33 healthy volunteers from the Third Affiliated
Hospital of Soochow University who did not take any
drugs and had no history of neurological diseases and
eye and hearing diseases were enrolled. Informed con-
sent was obtained from all participants. Among the 33
participants, 1 was excluded from the data analysis due
to missing data records during data collection. Thus, 32
participants, including 15 males and 17 females, with an
average age of 28.51+3.67 years and an average education
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level of 17.1+£1.60 years, were included in the final
analysis.

Experimental tasks and procedures

Hemodynamic data collection

A dual-channel near-infrared spectroscopy (NIRS) sys-
tem (EGS-600 A; Enginmed Bio-Medical Electronics,
Suzhou, China) with built-in LEDs and constant wave
waveforms of 760, 810, and 840 nm near-infrared wave-
lengths was used. The high-precision analog-to-digital
converter was used to improve sampling resolution
through oversampling, and sampling within the stable
time stage of the signal to remove the noise component
in data. The raw optical data were converted to relative
concentration changes of oxy-Hb and deoxy-Hb based
on the modified Beer—Lambert law [24—26]. At the same
time, the tissue hemoglobin index (THI) was monitored.
According to the International 10-20 Electrode Sys-
tem, two pairs of light detectors were placed at FP1-F7
and FP2-F8, corresponding to the light sources placed at
FP1 and FP2 at a distance of 3 cm and 4 ¢cm from the two
detectors, respectively. The source-detector separations
of 3 and 4 cm ensures that light can penetrate to depths
below the tissue surface of approximately 2 to 3 cm, a
depth sufficient for light to reach the surface region of the
adult human cortex to detect hemodynamic parameters
in tissues [27-29]. The PFC was the main measurement
area. After cleaning the forehead skin of the participants
with a cotton ball dipped in alcohol, the near-infrared
probe was fixed on the forehead with a bandage, kept
away from light, and was not allowed to fall off during
the whole experiment. The sampling frequency was 2 s
(Fig. 1).

Shape trail test data collection

Paper-based shape trail test (P-STT)

The STT, a variant of the traditional TMT, was used.
Compared with the traditional TMT, the STT eliminates
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cultural influence and is suitable for people with a non-
Western cultural background. Its applicability has been
confirmed in older adults in China [30]. The STT includes
two parts (A and B). In Part A of the STT (STT-A), par-
ticipants connect numbers (1 -25) in ascending order,
and the numbers are included in circles and squares. In
Part B of the STT (STT-B), participants also connect the
numbers (1 -25) in ascending order, but they must alter-
nate the two sets of shapes (squares and circles). The
participant’s pen tip should not be lifted off the paper
during the test, and the line must be drawn through the
figure. The tester informed the participants if they made
a wrong connection. If the participants failed to find the
next correct number at an interval of approximately 10 s,
the tester reminded them the next correct number. When
the participant reaches number 25 or completes test for
more than 300 s [18], the test is considered to be com-
plete. The evaluation indicators included the total time,
number of correct connections, and ratio of correct con-
nections (B/A). The B/A ratio used in this study was more
effective in removing individual differences in the motion
and visual scanning components of Type A of the figure
than the simple difference between scores [19, 31-34].
Tests were conducted by trained professional neuropsy-
chologists (Fig. 2).

Computer-based STT (C-STT)

A computer-based version of the STT (Cogmaster, ZD
Medtech) was used, which differs from the paper-based
version in the following aspects: [1] rules are announced
by a computer-based voice; [2] a red cross appears on the
number when the connection is wrong; [3] the next num-
ber that cannot be found after 10 s is clarified by mag-
nification and flashing effects; and [4] computer-based
evaluation indicators are counted automatically by the
computer (Fig. 3).

Participant experience questionnaire

This questionnaire was specially designed for this study.
It uses a five-point Likert scale (ranging from “strongly
disagree” to “strongly agree” and scores set to 1-5) that
asks participants about their real experience of the two
test versions [35—37]. The questionnaire was designed to
evaluate participants’ reactions to the test based on three
dimensions: “test feelings,” “psychological feelings,” and
“preference” The specific questions are listed in Appen-
dix A.

Procedures

Before the formal test, rules were explained, and the par-
ticipants were allowed to practice the test using exer-
cise versions of Types A and B with numbers from 1 to
8 to ensure that the participants mastered the method.
Although a previous study has confirmed that the order
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Fig. 3 Computer-based Shape Trail Test (Types A and B)

of Types A and B of the C-STT has no significant effect
on the Aoxy-Hb concentration [38], the change in the
Aoxy-Hb concentration of the P-STT is related to the
order of the Types A and B [39]. Therefore, in this study,
the order of the Types A and B of the P-STT and C-STT
was randomized. The P-STT and C-STT were com-
pleted at an interval of 24—48 h. The order of the P-STT
and C-STT was randomized to avoid the order effect.
All experiments were conducted in a quiet room with
suitable temperature, and the near-infrared probe was
worn throughout the process. The specific steps were as
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follows: (1) the baseline values of cerebral oxygen param-
eters were measured; (2) complete STT version A, and
simultaneously record the cognitive results and cerebral
oxygen parameters; (3) complete STT version B, and
record the cognitive results and cerebral oxygen param-
eters at the same time; (4) fill out the participants’ experi-
ence questionnaire after the tests were completed. Steps
(2) and (3) were randomly ordered, and there was a 1-min
rest interval between steps (2) and (3) to allow the cere-
bral oxygen parameters to return to baseline. Each par-
ticipant performed one session, which consisted of two
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rests and two tasks, and had to complete the task to the
best of their ability within the 300 s task period, and the
duration of the task period was dependent on the time
the participants took to complete the trail-making task.
During the rest periods, participants were instructed to
sit still with their eyes open. During the test periods, the
participants conducted STT-A and STT-B. Each partici-
pant was required to complete C-STT and P-STT.(Figure
4).

Data preprocessing

Low-pass filters together with high-pass filters were used
to reduce the impact of noise [40]. The near-infrared sig-
nal of the NIRS equipment is a low-frequency signal of
500 Hz, The m filter was used to filter out the medium
and high frequency signals, while interference from ultra-
low frequency signals such as DC signals was filtered out
by capacitance coupling. The concentrations Aoxy-Hb,
Adeoxy-Hb and THI were exported to the BinToExcel
(Enginmed Bio-Medical Electronics, Suzhou, China)
software for further data processing. The data obtained
were divided into the rest period (the no-test period) and
the activation period (the test period). The first 10% of
the data of each period were removed to reduce interfer-
ence at the beginning of different periods.

Data analysis

The average concentration changes of Aoxy-Hb,
Adeoxy-Hb and THI was calculated for each period
[41]. In this study, we used the Kolmogorov—Smirnov
test to test the normal distribution of the data, the nor-
mally distributed variables are compared by t-test, while
non-normally distributed variables are compared by the
rank sum test. The relationship between cerebral oxygen
data under the three conditions and different factors was

Rest

60s

STT-A

0~-300s

P-STT

0-~-300s

Fig.4 Each task session was designed in a block manner: 2 rests (60 s) and
2 tasks (STT-A and STT-B) (0-300s)

Page 5 of 10

analyzed using the analysis of variance (ANOVA) method
of condition (STT-A, STT-B, baseline) x factor (C-STT,
P-STT). The differences of cerebral oxygen data between
different conditions in each factor were analyzed within
the factor, the data were tested for homogeneity of vari-
ance (p>.05), using analysis of variance and Bonferroni
analysis for multiple comparisons. The results of cere-
bral oxygen data between different factors and behavioral
data were analyzed using paired ¢-test. The results of Par-
ticipants’ experience score were analyzed using the rank
sum test. All statistical analyses were performed using
SPSS statistical software for Windows 26.0 (SPSS, Chi-
cago, IL, USA). Graphing was performed using Prism 9.0
(GraphPad, San Diego, CA, USA). A p value of <0.05 was
considered statistically significant.

Results

Behavioral data

The results of the paired ¢-test within the condition (A
and B) showed that in both the C-STT and P-STT, the
number of correct connections in Type B was less than
that in Type A [computer-based version: #(31)=5.147,
Cohensd=0.91, p<.001 and paper-based version:
£(31)=2.374, Cohensd=0.42, p=.024]. Furthermore,
in both the C-STT and P-STT, the task time of Type B
version was longer than that of Type A version [com-
puter-based version: £(31)=—21.851, Cohens'd=3.86 and
paper-based version: £(31)=—14.990, Cohens'd=2.65,
p<.001].

The results of the paired ¢-test between factors (P-STT
and C-STT) showed that the number of correct con-
nections in the C-STT Type B was less than that in the
P-STT Type B [£(31)=6.189, Cohensd=1.09, p<.001].
However, no significant difference in the number of
correct connections was observed between the C-STT
Type A and P-STT Type A versions. The B/A ratio in the
C-STT was lower than that in the P-STT [#(31)=3.383,
Cohens'd=0.60, p<.001]. Furthermore, the task time of
the C-STT was longer than that of the P-STT regardless
of the type (A or B) [A: £(31)=-4.023, Cohensd=0.71
and B: £ (31)=-5.751, Cohensd=1.02, p<.001] (Table 1).

Hemodynamic changes

Intrafactor comparisons

In the C-STT, according to the results of the analysis of
variance, the Aoxy-Hb in the PFC during the activation
period was higher than that during the rest period, and
the Aoxy-Hb in the PFC during the activation period of
the C-STT Type B was higher than that of the C-STT
Type A [left frontal lobe: F(1,128)=13.065, p<.001,
n*=0.162 and right frontal lobe: F(1,128)=11.842,
p<.001, n*=0.138]. In the P-STT, the Aoxy-Hb in the
PFC during the activation period was higher than that
during the baseline period, and the Aoxy-Hb in the PFC
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Table 1 Comparison of behavioral data between the paper-based and computer-based Shape Trail Test

Number of correct Task time B/A ratio
connections
STT-A STT-B t Cohensd STT-A STT-B t (within  Cohens’d
(within  (95%Cl) group) (95%Cl)
group)
Paper-based Shape Trail Test  24.72+046 2422+1.13 2374* 042(0.07, 3291+772 7200+1817 —14.990*** 265 (—4555 0.98+0.05
093 —34.64)
Computer-based Shape 2434+173 21784217 5147*** 091 (155 37.53+1069 89.38+1631 —21.851*** 386(-56.68, 0.90+0.13
Trail Test 3.58 —47.00)
t (between groups) 1.221 6.189%** —4.023*** —5.751%** 1.63-3.24 3.383**
Cohensd (95%Cl) 0.22 (-0.25, 1.09(1.63, 0.71(-848, 1.02(-23.54, 0.60 (0.03,
1.00 3.24 —2.77) —-11.21 0.13)

The table shows the evaluation results (xts) of different groups (paper-based and.computer-based versions) and different tasks (Types A and B). *Significant
difference at p<.05. **Significant difference at p<.01. ***Significant difference at p<.001
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Fig. 5 Changes of PFC cerebral oxygenation parameters

during the activation period of the P-STT Type B was
higher than that of the P-STT Type A [left frontal lobe:
F(1,128)=11.069, p<.001, n>=0.192 and right frontal
lobe: F(1,128)=10.985, p<.001, n*=0.191]. No signifi-
cant difference was observed in Adeoxy-Hb and THI in
the left and right frontal lobes between different periods,
regardless of the P-STT or C-STT (Fig. 5).

Differences between factors

In the left frontal lobe, ANOVA for the Aoxy-Hb revealed
a significant main effect of factor [F(1,252)=28.091,
p<.001, n*=0.103], but no significant main effect of
condition or interaction effect of condition X factor was
observed. In the right frontal lobe, a significant main
effect of factor was observed [F(1,128)=12.010, p<.001,
n*=0.088], but no significant main effect of condition or
interaction effect of condition X factor was observed. In
the further paired ¢-tests of different factors (P-STT and
C-STT) revealed that the Aoxy-Hb of the C-STT Types
A and B was lower than that of the P-STT Types A and B

in both the left and right frontal lobes [left frontal lobe:
£(31)=3.599 and 6.297 and right frontal lobe: #(31)=5.639
and 7.670, respectively, p<.001]. No significant difference
was observed in Adeoxy-Hb and THI in the left and right
frontal lobes between the P-STT or C-STT (Fig. 6).

Participants’ experience score

In Tests Feelings, the test fluency score of the C-STT was
higher than that of the P-STT, and the difference was
statistically significant (z=—3.823, p<.001). In terms of
Mental Feelings, the perceived difficulty score of com-
pleting the C-STT was lower than that of the P-STT, and
the difference was statistically significant (z=-2.280,
p=.023). The perceived anxiety score of completing the
C-STT was lower than that of the P-STT, and the differ-
ence was statistically significant (z=—2.886, p=.004). The
inattention score of completing the C-STT was higher
than that of the P-STT, and the difference was statistically
significant (z=—2.251, p=.024) (Fig. 7).
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Ea Computer-based version

B Paper-based version

O2Hb Changes

Left PFC Right PFC

Fig. 6 Comparisons of cerebral oxygenation parameters during comput-
er- and paper-based STT

Discussion

In this study, we investigated whether the computer- and
paper-based STTs have the same cerebral oxygen activa-
tion pattern, compared the cognitive assessment results
of the computer- and paper-based STTs, and compared
the differences in the neural correlation between these
results. The establishment of this experimental model
can also provide some reference for the computer-based
version of different neuropsychological tests and the
comparison between the computer-based version and the
traditional paper-based version of the neural cooperation
operation mode.

Cognitive functions vary in different stages of the life
cycle, some cognitive functions such as executive func-
tions peaking in adolescence or adulthood [42], young
adults have sufficient cognitive resources [43]. Selective

Assessment preference
Inattention

Anxiety

Difficulty

Easy and smooth to complete
Definite rules and instructions

Clear pictures and figures
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attention, decision making, response inhibition, working
memory and other executive functions are closely related
to recruitment activity in the prefrontal cortex [44]. Task
diversity and novelty promote individuals have different
demands on neural processing systems when they are
engaged in cognitive task processing [45]. The diversity
and novelty make cognitive tasks more challenging, and
the corresponding cognitive load increases synchronic-
ally. The level of individual mental effort is closely related
to the increase in cognitive load, in order to face this chal-
lenge, individuals need to make more efforts, this “mental
effort” can be sensitively reflected in neuronal activation
[46]. When completing the paper-based and computer-
based STT, the active prefrontal cortex neural tissue has
an increased degree of oxygen demand, and the brain
extracted more oxygen [47]. We considered that because
of the relatively low difficulty and interest of the cognitive
assessment task in this study, and because the partici-
pants solve the tasks with a single task-specific strategy,
the increase of cognitive load in this study did not reach
the upper limit of their cognitive resources. The oxygen
entering the corresponding part of the cerebral blood
vessels is only consumed slightly. Thus, the overall result
is only an increase in oxyhemoglobin. And in this study,
we found no significant difference in THI values, which
reflect the change rate of total hemoglobin concentration
in local tissues, during the monitoring of cerebral oxygen
parameters at different stages. These results indicate that
the hemodynamic responses of the prefrontal cortex dur-
ing task completion are not derived from systemic blood
flow changes, but from local self-regulation of cerebral
blood vessels [48]. In addition, we suggested that the
hemodynamic changes in cognitively relevant cortical
regions observed in healthy adults are related to task dif-
ficulty and interest, and task difficulty discrimination and
variety can be increased by setting different intensities of
cognitive interference in future studies.

E Paper-based version

Bl Computer-based version

46875

46875
48438

45000

Participant experience questions

Participants' experience score

Fig. 7 Comparison of experience scores of participants. Strongly Disagree — 1 point, Disagree —2 points, Neither Agree Nor Disagree — 3 points, Agree

—4 points, Strongly Agree —5 points
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The increase in oxy-Hb levels has been reported to
reflect a high degree of brain oxygen activation. Task-
related brain oxygen activation occurs in paper- and
computer-based STT Type A and B. The STT evaluates
mental flexibility, attention, visual attention, and motor
control [49]. Type A focuses on the characteristics of the
baseline assessment of visual search and psychomotor
speed [31], whereas Type B focuses on mental flexibility
and cognitive set shift and is more commonly used as a
brief assessment of executive dysfunction [50]. Cogni-
tive set shift represents the attention control ability of
task switching between two competitive tasks and can
lead to extensive activation of the bilateral PFC [51-53].
The degree of brain oxygen activation is also higher in
Type B than in Type A because of the greater difficulty
and involvement of executive function [38, 54]. This dif-
ference was consistent in the paper- and computer-based
STTs in this study.

The degree of brain oxygen activation in the paper-
based STT was higher than computer-based STT in both
Types A and B. It is possible that the population included
in this study is young adults who use electronic media
more frequently and are far more adaptable and famil-
iar with electronic media than paper media. This makes
them more dependent on electronic media when com-
pleting the computer-based version. In addition, the test
rules and instructions were orally output throughout
the test. The test rules of the computer-based STT were
expressed in the same sound form as the paper version,
but the brightness of the test was higher than that of the
paper-based STT. In addition, although the numbers
and graphics of the computer version were unified into a
single color to reduce different colors and possible inter-
ference, the instructions in the test were presented using
special effects, which may have caused participants to
pay less attention to the test itself. In addition, the way of
using a touch screen pen when completing the computer-
based version is more predictive of their usual work style
than the way of using a ball point pen when completing
the paper-based version, which leads to their more men-
tal relaxation when completing the computer-based STT.
This mental relaxation can be characterized by a low
degree of perceived difficulty when completing the com-
puter-based version, which is a kind of mental load [55,
56]. This was confirmed by the lower scores of perceived
difficulty, perceived anxiety, and concentration in the
electronic version of the participant experience question-
naire compared with the paper version. The individual’s
perceived difficulty level is directly related to the mental
effort required to complete the task [57, 58]. This level of
mental effort is measurable when it is represented as the
cognitive load of an individual to cope with one or more
cognitive tasks [58]. It has been shown that neural activ-
ity in the prefrontal area is proportional to the difficulty
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of the cognitive test itself and the perceived difficulty of
the individual, i.e., the cognitive load-dependent change
in the prefrontal area [59]. Therefore, different modes of
cognitive testing, such as the computer-based STT in this
study, should be highly consistent with the paper-based
STT, and the differences in individual mental workload
when completing different versions of the test should not
be ignored.

This study had some limitations. First, this study
included only healthy adults, and the sample size was
small. Several studies have analyzed the evaluation
results of the computer-based STT and changes in cere-
bral oxygen correlation in healthy older adults or people
with cognitive impairment [60—63]. Further studies are
needed to compare the effects of the computer- and
paper-based STTs on oxygenation in the PFC in different
populations. A study involving 911 community residents
who completed the STT showed that the evaluation
results of the STT could be affected by age and educa-
tion level [64], and it was also presumed that the neural
correlation results could be affected similarly by these
factors. In the present study, the participants had a high
education level, which was not representative of the adult
population. Therefore, subgroups with different educa-
tion levels should be stratified in future studies. Second,
we considered some methodological shortcomings. The
NIRS equipment used in this study was limited to the
monitoring area of the frontal lobe. Multichannel NIRS
should be used to cover a larger cerebral cortex area to
more comprehensively reflect the neural activities of
other brain regions and the cooperation mode of differ-
ent brain regions. In addition, although the NIRS system
has the characteristics of noninvasiveness, real environ-
ment interaction, and good temporal resolution, it has
limited spatial resolution and does not allow monitoring
of the neural activity of deep brain structures (65, 66).
Therefore, multimodal research of NIRS combined with
electroencephalogram and NIRS combined with mag-
netic resonance imaging can overcome the shortcom-
ings of independent devices and improve the accuracy of
NIRS in monitoring neural-related activation [67-69]. In
addition, the NIRS device used in this study has limited
antisystem interference and data correction measures. In
the future, more accurate near-infrared devices should
be used to improve the quality of data and availability
of cerebral oxygen parameters. Finally, the evaluation
procedures and system settings of the computer-based
version of the STT still need to be further improved to
standardize the computer-based version of the test. Fur-
ther studies are needed to verify the reliability and valid-
ity of the computer-based version of the STT.
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Conclusions

In conclusion, this study used fNIRS to monitor changes
in cerebral oxygenation during the paper- and computer-
based STTs and showed that the evaluation results and
prefrontal cerebral oxygenation of the computer-based
STT were different from those of the paper-based STT.
The program design and system configuration of the
computer-based STT should be further optimized. In
addition, the individual psychological feelings and pref-
erences for different versions of the test were considered
in the selection of paper- and computer-based STTs. This
experimental model can be further applied to other stud-
ies of computer-based cognitive assessment to improve
the equivalence of cognitive assessment and its wide
application in clinical practice.
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