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INTRODUCTION 

Cognitive function plays a crucial role in children’s indepen-
dence in daily activities and social engagement [1]. Cognitive 
rehabilitation is necessary to treat children with cognitive im-
pairment or developmental delays because it can prevent cog-
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nitive decline and reduce social costs [2,3]. The effectiveness 
of cognitive rehabilitation has been demonstrated in patients 
with cognitive impairments [4,5] and it has even been shown 
to improve cognitive function in children without overall 
learning difficulties [5]. Although cognitive rehabilitation can 
be achieved through pharmacological or non-pharmacolog-
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ical treatments, more careful consideration is needed when 
administering medications for children owing to the negative 
perception of caregivers and patients towards medications, 
and concerns about potential side effects. Additionally, there is 
more substantial evidence supporting the use of pharmacological 
intervention in adults, while the data regarding their efficacy and 
safety in children is insufficient [6-10]. However, traditional pro-
grams such as one-on-one or group therapy may be unavailable or 
impractical because of resource limitations and health conditions 
[11].  

Computerized cognitive training (CCT) can compensate 
for these shortcomings, and several CCT programs, including 
RehaCom (HASOMED), ComCog (neofect), and Bettercog 
(M3 Solutions), have demonstrated effectiveness in enhancing 
cognitive function in individuals with cognitive impairment. 
RehaCom has shown its efficacy in improving cognitive func-
tion in children with ADHD and chronic stroke patients [12,13]. 
ComCog has demonstrated cognitive improvement in individ-
uals with mild cognitive impairment (MCI), stroke, traumatic 
brain injury (TBI) patients [14,15]. In addition, ComCog has 
exhibited greater cognitive enhancement in a young TBI group 
than in an old TBI group [16]. 

The accurate evaluation of cognitive function is essential 
prior to rehabilitation. Computerized cognitive function tests 
serve as practical and accessible tools for this purpose, as they 
help reduce the examiner’s workload, minimize the variability 
introduced by human assessors, enable automated data storage, 
and capture reaction time data. Several Computerized Cogni-
tive Test Batteries are available for children [17,18]. Cambridge 
Neuropsychological Test Automated Battery is the most fre-
quently used one and it is only applicable for children aged 4 
years and above [18]. The National Institutes of Health Toolbox 
Cognition Battery and Amsterdam Neuropsychological Test 
are the only tests that can be applicable from the age of 3, while 
others can be employed for children aged 4–5 and above [18]. 

The computerized Cognitive Function Test program (eCFT) 
is a newly developed online cognitive function test that is part 
of the Bettercog (computerized cognitive rehabilitation pro-
gram) developed in Korea. The eCFT is specifically designed 
to assess cognition in Korean children aged 3 and above, using 
words and images which are familiar to Korean children. It 
utilizes a touchscreen-based interface for user interactions. We, 
therefore, aimed to establish reference values for the eCFT and 
to investigate whether there is a trend of increasing cognitive 
function with age. 

METHODS 

Participants 
We included children aged 3–6 years who were identified as 
having normal cognition through the Korean Developmental 
Screening Test for Infants and Children (K-DST) and Kaufman 
Assessment Battery for Children-II (K-ABC-II) test. Based on 
previous studies’ methodology, we aimed to recruit 15 subjects 
per age group [19, 20]. 

The participants were recruited via poster advertisements 
at the National Traffic Injury Rehabilitation Hospital and the 
study was conducted from November 2021 to September 2022. 
The exclusion criteria were hearing difficulties, visual impair-
ments, hemi-neglect, and other musculoskeletal or neurolog-
ical disorders that could impede following the instructions. 
The participants visited the research lab once to complete the 
K-DST, K-ABC-II, and eCFT. The assessments were conducted 
by a single occupational therapist, with a total duration of ap-
proximately 2 hours, including approximately 40 minutes for 
the eCFT. 

The K-DST is a standardized questionnaire completed by 
caregivers to identify developmental delays in children. It eval-
uates various domains, such as motor skills, language, social 
and personal skills, and problem-solving ability [21,22]. It 
consists of six domains, each with a scoping range from 0 to 24 
points. If a domain score is more than 1 standard deviation (SD) 
above the mean within the age group, it indicates a potentially 
higher-than-average developmental level. Scores within ±1 SD 
represent normal development. Scores below -1 SD and greater 
than -2 SD indicate a need for continuous observation. Scores 
below -2 SD suggest developmental delay, requiring further 
evaluation. The revised 2017 version was used in this study [23]. 
The K-ABC-II is a standardized test designed to measure cogni-
tive ability and achievement in children and adolescents, to as-
sess cognitive domains, including memory, planning, attention, 
and problem-solving abilities [24]. It comprises five domains 
and 18 subtests, with each subtest having a maximum scale 
score ranging from 1 to 19 points. Depending on the child’s age, 
subtests are selectively administered rather than conducting 
all 18 subtests on each child. Test results are interpreted using 
standard scores, with a mean of 100 and a SD of 15, and a maxi-
mum score of 160. Standard scores within ±1 SD are considered 
“average,” scores below -1 SD and greater than -2 SD are “low,” 
scores below -2 SD are “very low,” scores higher than +1 SD and 
below +2 SD are “high,” and scores higher than +2 SD are “very 
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high.” The Korean version of the test was used to assess the cog-
nitive function in this study [25].  

Computerized program description 
The eCFT consists of 8 subtests designed to evaluate various 
cognitive domains, including visual perception, attention, mem-
ory, and executive function. These subtests are: “finding half,” 
“visual and auditory stimulus,” “flip sequence,” “delayed recall,” 
and “trail-making.” Table 1 presents the instructions for each 
subtest. The “finding half ” test was used to assess visual percep-
tion. The “visual and auditory stimulus” test evaluates attention 
and reaction time, while the “selective visual” and “selective au-
ditory” stimulus tests measure complex attention and reaction 
times. The “flip sequence” test is designed to assess immediate 
memory and the “delayed recall” test focuses on delayed memo-
ry. The “trail-making” test is a tool to evaluate working memory. 

Each subtest has unique characteristics and requirements. 
The “finding half ” test requires participants to respond to each 
of the 20 questions within a 10-second timeframe. The “visual 
stimulus,” “selective visual stimulus,” “auditory stimulus,” and 
“selective auditory stimulus” tests are structured across 5 stages 
each. The “visual” and “auditory” stimulus tests present 5 stim-
uli at each stage, for a total of 25 questions, while the “selective 
visual” and “selective auditory stimulus” tests feature 3 true and 
false stimuli in each stage, resulting in a total of 30 questions. 
False stimuli were presented randomly, and the stimulation 
and interval times were modified to adjust the difficulty level 
of each stage. For the “visual” and “selective visual stimulus 
tests,” the stimulation times per stage were set to 4, 2.5, 2, 1.5, 
and 1 second. Unlike that in visual stimuli, it was challenging to 
maintain a constant stimulation time for auditory stimuli and it 
was adjusted only by the interval time. The interval time for all 
four tests was consistently set to 3, 2.5, 2, 1.5, and 1 second [26]. 
The “flip sequence” test comprises five stages, with a total of 20 
questions. The interval time ranged from 3 to 5 seconds. Lower 
and higher stages were evaluated with a 3- and 5-second inter-
val, respectively. This means that participants were required to 
remember the “flip sequence” for 3 to 5 seconds before recalling 
it, and they were required to answer each question within 10 
seconds [27]. The “delayed recall” test consists of a single stage 
comprising 10 questions. Participants are shown two pictures 
for 5 seconds, followed by playing “Whack-A-Mole” for 10 
seconds. Following this, they are required to recognize the pre-
viously displayed pictures from a set of five within the given 10 
seconds. The trail-making test comprised 3 stages. In the first 

stage, the participants were instructed to click on the order of 
the rainbow colors. In the second stage, they were required to 
click from 1 to 7, and, in the final stage, they alternated between 
rainbow colors and numbers. The participants were required 
to respond to each stage within 2 minutes. The test time was 
shortened if the participants responded earlier than the given 
time or failed a stage. 

Outcome measures 
The data collected from the eCFT included the number of cor-
rect answers, incorrect answers, incomplete responses, complet-
ed stages, and reaction times.  

Statistical analysis  
Statistical analyses were performed using the IBM SPSS statis-
tics 23 (IBM Corp.). Descriptive statistics, such as mean, SD, 
15th percentile, and 85th percentile of the number of correct an-
swers and reaction time, were presented. An analysis of variance 
was used to compare mean differences across age groups, and a 
post hoc Games–Howell test was conducted to determine specif-
ic mean differences. Statistical significance was set at p<0.05. 

Ethics approval 
This study adhered to the Declaration of Helsinki (2013 revi-
sion) and ICH-GCP guidelines. The study received approval 
from the Institutional Review Board of Seoul National Universi-
ty Hospital (IRB No. 2107-171-1236) and from the Institutional 
Review Board of National Traffic Injury Rehabilitation Hospital 
(IRB No. 2021-10-022). Informed consent was obtained from 
legally authorized representatives. 

RESULTS 

We included 66 participants (36 males) aged 3–6 years old 
(mean, 4.4 years old). None of the participants had a significant 
medical history and information regarding their socioeconomic 
status was not collected for this study. 

The results of the K-DST and K-ABC-II are presented in 
Table 2. For the K-DST, the average score was 127.2±10.8. The 
total scores per age group were 128.9, 126.4, 124.9, and 137.5, 
respectively. In the K-ABC-II, the average score was 158.4±50.2. 
The total scores for each age group were 104.3, 143.9, 188.0, and 
204.4. All participants scored within the normal range on the 
K-DST and K-ABC II tests. 

Table 3 presents the results of the 8 eCFT subtests, including 
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Table 1. Computerized Cognitive Function Test program (eCFT) task description: 8 subtests 

eCFT task Display Cognitive domain Test description
Finding half Visual perception Half of a picture is presented. Find the corresponding half

Visual stimulus Attention, reaction time Touch the screen when a picture is presented

Selective visual stimulus Complex attention, reaction time Touch the screen when a specific picture appears and  
refrain from touching the screen when other pictures 
appear

Auditory stimulus Attention, reaction time Touch the screen when a sound is heard

Selective auditory stimulus Complex attention, reaction time Touch the screen when certain sounds are heard, and 
refrain from touching the screen when other sounds are 
heard

Flip sequence Immediate memory Coins are flipped in a specific order. After a few seconds, 
participants are required to repeat the order of the flips

Delayed recall Delayed memory Two pictures are presented. Play Whack-A-Mole for  
10 seconds. Of the 5 pictures, select the 2 previously pre-
sented

Trail-making Working memory Step 1. Click in order of rainbow colors
Step 2. Click from 1 to 7
Step 3. Click the rainbow color and number alternately
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Table 2. Demographic and clinical characteristics 
Age (yr) N (female, %) K-DST K-ABC-II
3 15 (8, 53.3) 128.9±7.8 (117, 142) 104.3±16.9 (62, 127)
4 21 (7, 33.3) 126.4±12.1 (103, 140) 143.9±38.8 (104, 298)
5 16 (8, 50.0) 124.9±11.5 (100, 137) 188.0±34.6 (147, 269)
6 14 (7, 50.0) 137.5±9.2 (131, 144) 204.4±39.0 (143, 275)
Total 66 (30, 45.5) 127.2±10.8 158.4±50.2

Values are presented as mean±standard deviation (minimum, maximum).
K-DST, Korean Developmental Screening Test for Infants and Children; K-ABC-II, Kaufman Assessment Battery for Children-II.

Table 3. Test results according to age group 

Test Age  
(yr) N

Number of correct answers
Mean±SD

Reaction time
Mean±SD 15th % 85th % 15th % 85th %

Finding half 3 12 13.5±4.6 8.8 19.0 4.01±1.78 2.32 5.71
4 21 18.3±2.3 15.3 20.0 3.61±1.54 2.37 4.84
5 15 18.3±1.4 17.0 19.6 3.28±1.50 1.97 4.59
6 14 17.1±4.6 15.3 20.0 2.53±1.04 1.66 3.21

Visual stimulus 3 13 17.9±4.6a) 11.1 22.0 1.30±0.52 0.84 1.79
4 21 21.4±4.0b) 17.3 24.0 0.96±0.48 0.58 1.33
5 15 20.9±2.0 13.6 25.0 0.81±0.39 0.52 1.22
6 14 24.6±1.1a),b) 24.0 25.0 0.58±0.24 0.42 0.73

Selective visual stimulus 3 12 22.9±13.1 5.0 31.2 1.00±0.51 0.57 1.43
4 21 24.6±5.9 17.3 29.0 0.70±0.51 0.27 1.00
5 15 26.3±4.3 20.4 29.6 0.61±0.44 0.23 0.96
6 14 32.1±9.8 26.0 48.8 0.44±0.37 0.13 0.82

Auditory stimulus 3 11 14.5±5.8c) 6.6 22.0 1.14±0.65 0.40 1.73
4 21 16.9±6.4d) 7.6 23.0 1.14±0.53 0.64 1.61
5 15 19.9±5.2 12.6 24.2 1.08±0.52 0.63 1.53
6 14 23.8±1.9c),d) 20.8 25.0 0.91±0.38 0.61 1.28

Selective auditory stimulus 3 10 4.4±2.3e) 2.0 7.4 1.85±0.69 1.27 2.43
4 19 6.5±3.5 3.0 11.0 1.49±0.56 0.88 1.97
5 14 8.9±6.4 3.3 12.5 1.40±0.37 1.12 1.69
6 14 13.3±8.6e) 5.3 27.8 1.27±0.50 0.86 1.79

Flip sequence 3 14 9.5±7.8f) 1.0 20.5 4.48±2.41 1.79 7.25
4 20 11.5±8.0g) 1.2 21.9 3.34±2.10 1.38 5.32
5 14 15.0±10.9 1.3 28.8 3.49±2.06 1.51 5.53
6 14 22.8±7.6f),g) 12.8 28.8 3.71±2.18 1.63 5.74

Delayed recall 3 11 7.1±3.3 2.4 10.0 5.13±2.22 3.30 7.65
4 20 6.0±3.2h) 1.0 9.0 4.53±1.95 2.64 6.87
5 14 7.6±2.2 4.8 9.8 4.11±1.82 2.47 5.98
6 12 9.3±1.0h) 8.0 10.0 3.60±1.42 2.42 4.88

Trail-making 3 14 6.0±6.6i),k) 0 14.0 4.63±3.73 1.30 7.60
4 19 10.2±8.7j) 0 20.0 3.66±3.34 1.01 5.63
5 14 15.1±8.2k) 3.3 26.8 2.94±2.92 0.93 4.90
6 13 22.5±8.0i),j) 15.3 28.0 2.16±1.80 0.78 3.48

SD, standard deviation.
a)Visual stimulus test between age 3 and age 6, p=0.001.
b)Visual stimulus test between age 4 and age 6, p=0.011.
c)Auditory stimulus test between age 3 and age 6, p=0.001.
d)Auditory stimulus test between age 4 and age 6, p=0.001.
e)Selective auditory stimulus test between age 3 and age 6, p=0.010.
f)Flip sequence test between age 3 and age 6, p=0.001.
g)Flip sequence test between age 4 and age 6, p=0.001.
h)Delayed recall test between age 4 and age 6, p=0.001.
i)Trail making test between age 3 and age 6, p<0.001.
j)Trail making test between age 4 and age 6, p=0.002.
k)Trail making test between age 3 and age 5, p=0.017.
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the number of participants, SD, 15th percentile, and 85th per-
centile for both the number of correct answers and the reaction 
time. A cutoff value at the 15th percentile, equivalent to 1 SD, 
was employed to identify abnormal performance. 

The results demonstrate a progressive improvement in the 
number of correct answers with increasing age (Fig. 1). Improve-
ments in the “selective visual stimulus,” “auditory stimulus,” 
“selective auditory stimulus,” “flip sequence,” and “trail-making” 
tests were observed in children aged 3–6 years. The age 6 group 
exhibited significantly superior performance compared to the 
age 3 and 4 groups in the “visual stimulus” test (age 3 group: 
17.9±4.6, age 4 group: 21.4±4.0, and age 6 group: 24.6±1.1; 
between ages 3 and 6, p=0.001 and between ages 4 and 6, 
p=0.011). The age 6 group outperformed the age 3 group and 
the age 5 group achieved a higher score than the age 4 group in 
the “auditory stimulus” test (age 3 group: 14.5±5.8, age 4 group: 
16.9±6.4, age 5 group: 19.9±5.2, and age 6 group: 23.8±1.9; 
between ages 3 and 6, p=0.001 and between ages 4 and 6, 

p=0.001). No disparities in performance across age groups were 
observed in the “selective visual” test, while the age 6 group 
outperformed the age 3 group in the “selective auditory” test 
(age 3 group: 4.4±2.3 and age 6 group: 13.3±8.6, p=0.010). In 
the “flip sequence” test, the age 6 group performed significantly 
better than the age 3 and 4 groups (age 3 group: 9.5±7.8, age 4 
group: 11.5±8.0 and age 6 group: 22.8±7.6; between ages 3 and 
6, p=0.001 and between ages 4 and 6, p=0.001), and in the “de-
layed recall” test, the age 6 group surpassed the performance of 
the age 4 group (age 4 group: 6.0±3.2 and age 6 group: 9.3±1.0. 
p=0.001). The age 6 group achieved higher scores than the age 
3 and 4 groups in the “trail-making” test (age 3 group: 6.0±6.6, 
age 4 group: 10.2±8.7, age 5 group: 15.1±8.2, and age 6 group: 
22.5±8.0; between ages 3 and 6, p<0.001 and between ages 4 
and 6, p=0.002), while the age 5 group outperformed the age 3 
group (p=0.017). 

Although the reaction time tended to decrease as the chil-
dren’s age increased, the difference was not statistically signifi-
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cant. Regarding the completed stages, the age 6 group complet-
ed more stages than the age 3 group in the selective auditory 
stimulus test. The average completed task stage was 2.0 for the 
age 3 group and 3.9 for the age 6 group (p<0.05; Fig. 2). The 
task completion rates for passing up to stage 5 were as follows: 
10% for the age 3 group, 11% for the age 4 group, 14% for the 
age 5 group, and 57% for the age 6 group. In the “trail-making” 
test, the age 6 group completed more stages than the age 3 and 
4 groups did, while the age 5 group completed more stages than 
the age 3 group did. The average completed task stage was 1.7 
for the age 3 group, 2.1 for the age 4 group, 2.6 for age 5 group, 
and 2.8 for the age 6 group (between ages 3 and 6, p<0.01; be-
tween ages 4 and 6, p<0.05; and between ages 3 and 5, p<0.05). 
The task completion rates for passing up to stage 3 were as fol-
low: 29% for the age 3 group, 47% for the age 4 group, 79% for 
the age 5 group, and 92% for the age 6 group. 

DISCUSSION 

We evaluated age-specific differences in eCFT results among 
children without cognitive impairment and proposed cutoff 
values based on the 15th percentile of the number of correct 
answers and reaction time for each subtest. The eCFT results 
indicated a pattern of increasing correct responses and decreas-
ing reaction times with age. Notably, age 6 group consistently 
outperformed both age groups 3 and 4 in terms of correct 
responses. In the “selective auditory stimulus” test, the age 6 
group demonstrated higher task completion rates compared to 
the age 3 group. In the “trail-making” test, the age 6 group com-
pleted more task stages than both the age 3 and age 4 groups. To 
the best of our knowledge, this is the first study to establish ref-
erence values for computerized cognitive assessments tailored 
specifically to preschool-aged children with typical cognitive 
development in Korea. 

Our findings revealed that the mean performance scores in 
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each cognitive domain showed slight variations depending on 
the child’s age, with older children tending to achieve higher 
scores. Notably, the age 6 group consistently outperformed the 
age 3 and 4 groups across various subtests. Furthermore, older 
groups tended to exhibit shorter reaction times in the attention 
domain, although this trend was not statistically significant. 
However, this pattern of shorter reaction times with increasing 
age was not observed in the findings of the “flip sequence” test. 
In other words, in challenging tasks such as memory function 
tests, younger children can exhibit shorter reaction times with 
lower accuracy than those exhibited by older children. 

Furthermore, reaction time is directly related to attention. In 
a previous study, the average reaction time in the visual Con-
tinuous Performance Test (CPT) for typical Korean adults was 
reported as 0.42 seconds, while in the auditory CPT, it was 0.59 
seconds [26]. In our study, the 6-year-old participants exhibited 
mean reaction times of 0.58 seconds in the “visual stimulus” 
test and 0.91 seconds in the “auditory stimulus” test, which 
differs from adults. The lower reaction time in the age 6 group 
compared to that of adults could be derived from either motor 
control or attention-related issues. Examining the results of the 
auditory stimulus test can further elaborate this. The average 
reaction time for visual and auditory controlled CPT (CCPT) 
in adults was reported as 0.41 and 0.57 seconds, respectively. 
Additionally, the average reaction times for the “selective visual 
stimulus” and “selective auditory stimulus” tests were 0.44 and 
1.27 seconds, respectively, in the age 6 group. This suggests that 
inhibitory responses to auditory stimuli are somewhat more 
challenging than those to visual stimuli, and it implies that the 
difference observed in visual stimuli may be attention-related 
and attributed to processing speed rather than motor control 
[26]. In another study [19], a computerized attention assess-
ment for children aged 5 to 15 years was developed, which was 
used to evaluate auditory CCPT and visual CCPT, dividing the 
total assessment time into three phases (early, middle, and late). 
The test provided target ratios of 22% in the early phase, 50% in 
the middle phase, and 78% in the late phase, and it maintained 
a fixed stimulus interval of 2 seconds and a stimulus presenta-
tion time of 0.1 seconds. The results revealed that the average 
reaction time for visual CCPT in 5- and 6-year-olds was 0.67 
and 0.61 seconds, respectively, whereas our eCFT “selective vi-
sual stimulus” reported 0.61 and 0.44 seconds, respectively. For 
auditory CCPT, the average reaction time in 5- and 6-year-olds 
was 1.07 seconds, and our eCFT’s “selective auditory stimulus” 
test reported 1.40 and 1.27 seconds, respectively [19].  

Regarding the completed stages, statistically significant dif-
ferences were observed only in the “selective auditory stimulus” 
test and “trail-making” test. There were no differences in other 
attention-related subtests or the “flip sequence” test. This could 
be interpreted as indicating that executive function in 6-year-
olds significantly outpaces that in other age groups, and that 
they exhibit superior sustained attention and better impulsivity 
control.  

In addition, accurate responses to auditory stimuli are often 
lower than those to visual stimuli. In particular, the “selective 
auditory stimulus” test is challenging because of inhibition [19]. 
Our findings have corroborated this trend, revealing significant 
differences in the “selective auditory stimulus” among the com-
pleted stages. 

The “trail-making” test assess motor speed, speed of mental 
processing and mental flexibility. It was used for children with 
learning disabilities and attention problems as well as those 
affected by brain injury [28]. In a study involving children aged 
9 to 14, the alternative (number-letter) “trail-making” test was 
conducted, dividing participants into three groups: a group 
with brain injuries, a group with academic difficulties, and a 
control group. The test involved connecting 15 numbers and 15 
letters alternatively. The completion times differed significant-
ly, with the brain-damaged, academic difficulties, and control 
groups requiring 111.44, 68.38, and 33.56 seconds, respectively, 
to finish the test. [29]. As our study targeted children aged 3 to 
6 years, the “trail-making” test used in our study utilized num-
bers 1–7 and colors (red, orange, yellow, green, blue, indigo, 
and violet). The average completion times of step 3 for the age 
3, age 4, age 5, and age 6 groups were 68.54, 53.71, 44.73, and 
36.17 seconds, respectively (not presented in Table). However, 
the number of individuals who completed the step 3 varied. In 
the age 3, age 4, age 5, and age 6 groups; 4/14, 9/19, 11/14, and 
12/13 participants, respectively, completed the test. Even when 
examining normally developing children, there were instances 
where individuals did not successfully complete the alternative 
“trail-making” test. Therefore, considering these challenges, the 
use of the “alternating selection (step 3)” test might be more 
suitable for older age groups than that of the other test. 

Computerized tests offer several advantages, including reduc-
ing the burden of examiners, minimizing variation by exam-
iners, automatically storing data, obtaining information about 
reaction time, and allowing testing to be done at home [19], and 
have, therefore, gained popularity. The BMT-i, computerized 
Adaptable Test Battery to assess children’s academic skills and 
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cognitive function has been validated [17]. 
Measuring reaction time is a good screening tool for normal 

aging and MCI, and it is more accurate than measuring correct 
answers in adults aged >60 years of age [30]. Previous studies 
established a correlation between processing speed and overall 
cognitive performance [31]. Notably, individuals diagnosed 
with ADHD exhibit challenges in sustaining attention and 
show significant impairments in selective attention as they have 
higher rates of omission and commission errors. In the case of 
unpredictable stimulus, children with ADHD tend to make a 
substantial number of those errors [32,33] 

This study has certain limitations. First, it was conducted 
within a specific region of Korea, which potentially limits the 
generalizability of our results to other populations. Second, the 
small sample size may have contributed to the not significant 
differences between the groups. For instance, in the “selective 
visual” test, the age 6 group obtained considerably higher scores 
than the other groups (scores: 22.9, 24.6, 26.3, and 32.1 for ages 
3, 4, 5, and 6, respectively), although this difference did not 
reach statistical significance. It is plausible that a larger sam-
ple size would reveal significant differences. Third, we did not 
collect detailed information about the patients’ characteristics, 
such as their socioeconomic status, number of siblings, and pa-
rental education levels. These factors may have influenced our 
results. Forth, we used colors (red, orange, yellow, green, blue, 
indigo, and violet) instead of letters in the “trail-making” test. 
This was done to avoid the possible unfamiliarity of very young 
children with letters. However, the test may not have been accu-
rately conducted for children with color blindness, considering 
that we did not conduct a screening test for color blindness. 

Using the eCFT, we established reference values for each sub-
test within the age range of 3–6 years, providing insights into 
the cognitive development of preschool children without cogni-
tive impairment. Our findings indicated a progressive improve-
ment in cognitive performance with age, which was particularly 
evident in specific subtests. The eCFT, known for its accessibil-
ity and cost-effectiveness, holds great promise for clinical appli-
cation in identifying cognitive impairment and facilitating early 
intervention in preschool-aged individuals. 

Future research should explore the potential of the eCFT as a 
tool to distinguish between children with and without cognitive 
impairments, such as those with low academic skills or atten-
tion deficits. Additionally, further investigations may seek to 
identify the age at which children’s scores on the eCFT begin to 
plateau in a specific cognition domain. 
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