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The development and validation of a tablet- ==
based assessment battery of general cognitive
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Abstract

Background Traditional cognitive assessments, often reliant on paper-and-pencil tests and professional evaluators,
suffer from subjectivity and limited result discrimination. This study introduces the Baguan Online Cognitive
Assessment System (BOCAS), a tablet-based system that evaluates both general cognitive ability (GCA) and domain-
specific functions across six domains: sensory-motor skills, processing speed, sustained attention, working memory,
cognitive flexibility, and spatial ability.

Methods BOCAS was validated with 151 healthy Chinese adults aged 18-40. Reliability was assessed through
internal consistency and test-retest reliability. Factor analysis and confirmatory factor analysis (CFA) were used to
validate the model. The GCA score was correlated with the Raven |1Q test and self-reported cognitive flexibility, and its
relationship with negative emotions (depression and anxiety) was examined.

Results BOCAS showed satisfactory reliability, with internal consistency ranging from 0.712 to 0.846 and test-retest
reliability from 0.56 to 0.71. Factor analysis revealed a common factor explaining 40% of the variance, and CFA
indicated a good model fit (xz/df: 1.81; CFI=0.932). The GCA score strongly correlated with the Raven 1Q test (r=0.58)
and was related to self-reported cognitive flexibility and negative emotions.

Conclusion BOCAS offers a digital solution for cognitive assessment, providing automated, remote, and precise
evaluations. It demonstrates reliability, validity, and potential for use in clinical and research settings.

Keywords Automated electronic test, Chinese digital cognitive test, Cognitive domain, General cognitive
assessment, Neuropsychological tests
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Introduction

Cognitive ability, which encompasses an individual’s apti-
tude in activities such as perception, thinking, memory,
learning, and problem-solving, plays a pivotal role in
their educational, professional, and social endeavors [1].
Introduced by Spearman in the early 20th century, the
concept of general cognitive ability, often termed the “g
factor, suggests that a core, universal cognitive ability
affects performance across an array of cognitive tasks [2].
This idea has been validated in multiple studies, illustrat-
ing that a single factor—general cognitive ability—consis-
tently accounts for variability in test scores across varied
cognitive tasks [3]. The concept holds significant implica-
tions, especially in education and human resource man-
agement, where identifying an individual’s cognitive skills
is closely tied to understanding their learning potential
[4, 5]. Moreover, assessing cognitive function is crucial
for gauging academic and professional performance [6].

In addition to educational and occupational contexts,
the assessment of cognitive ability is crucial in clinical
environments. Several conditions, including abnormal
aging [7], psychological and mental disorders such as
depression [8] and schizophrenia [9], as well as neuro-
developmental disorders like autism [10] and attention
deficit hyperactivity disorder (ADHD) [11], can result in
cognitive impairment. The screening, monitoring, and
intervention of these conditions necessitate accurate
tools for evaluating cognitive function [12, 13].

While there is a broad demand for cognitive assessment
tools, there’s a notable scarcity of comprehensive assess-
ments suitable for both clinical and educational set-
tings. Traditional IQ tests, though invaluable, frequently
lack the adaptability essential for clinical evaluations.
These tests often focus on abstract components indica-
tive of general cognitive ability, potentially overlook-
ing specific cognitive deficits vital for clinical diagnoses.
Clinical tools, such as the Mini-Mental State Examina-
tion (MMSE) and the Montreal Cognitive Assessment
(MoCA), are undoubtedly useful. However, they are tied
down by specific cutoff scores that differentiate normal
from abnormal performance [14]. Such tests don’t offer
continuous, nuanced data for individual cognitive dimen-
sions, restricting their applicability in clinical and broader
populations. Moreover, traditional cognitive assessments
often suffer from issues like low score discrimination and
unsuitable normative standards for score conversions
[15]. Furthermore, these tests usually rely on paper-and-
pencil methods and professional assessors, potentially
introducing subjective bias into the results [16].

With the emergence of digital cognitive assessments,
innovative solutions to longstanding challenges have
been introduced. These digital tools offer precise con-
trol over stimuli, facilitate the collection of in-depth
performance data, reduce labor costs, and optimize data
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storage. Instruments such as the CogState test [17], the
Cambridge Neuropsychological Test Automated Battery
(CANTAB), and the National Institutes of Health’s NIH
Toolbox have become pivotal in both clinical and educa-
tional spheres. Furthermore, the internet-based cogni-
tive testing platform, Lumosity, with its remote real-time
testing capabilities, has amassed a comprehensive dataset
of over 35 million subjects across multiple countries [18].
These digital tools offer versatile assessments for various
cognitive domains and have the potential to bridge the
gap between different application scenarios.

Within the Chinese context, the deployment of these
assessments encounters distinctive challenges. While
cognitive assessments are not inherently culture-specific,
they often require careful adaptation and validation to
ensure their suitability for diverse cultural contexts, par-
ticularly when it comes to translating test content into
Chinese. Moreover, many digital evaluations lack norma-
tive data tailored for the Chinese demographic, which
can introduce potential assessment biases. Furthermore,
many digital assessments lack normative data specific
to the Chinese population, potentially leading to assess-
ment biases. Existing electronic assessments often focus
on single tasks, developed piecemeal to meet specific
goals [1], rather than providing a comprehensive assess-
ment of general cognitive ability. This study endeavors to
tackle these concerns by introducing a Tablet-based Gen-
eral Cognitive Ability Test crafted for the Chinese milieu,
termed the Baguan Online Cognitive Assessment System
(BOCAS). BOCAS comprises an array of tasks spanning
Sensory-Motor, Processing Speed, Attention, Cognitive
Flexibility, Working Memory, and Spatial Ability—fun-
damental facets of cognitive prowess. Each domain is
not only underpinned by theoretical relevance [3] but
also finds pragmatic utility in the realms of medicine and
education.

Specifically, sensory-motor skills, essential for inter-
acting with the external environment and executing
diverse tasks, bear significant relevance to neurological
and mental health assessments. This is especially true for
children with learning disabilities, ADHD, and autism
spectrum disorders [19, 20]. Processing speed stands as
a foundational cognitive element, with ties to age-related
cognitive decline [21] and cognitive impairments in psy-
chiatric disorders [22]. Attention, especially sustained
attention or vigilance, is pivotal to cognitive processes.
Impairments in this domain correlate with conditions
like ADHD [23], depression [24], and schizophrenia [25].
Such impairments also relate to real-world challenges,
including academic struggles, diminished work perfor-
mance, and interpersonal relationship difficulties [26].
Executive functions, which encompass cognitive control,
planning, and goal setting, are crucial for an individual’s
adaptability to novel settings, mental health, and overall
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life quality. Notably, deficits in these functions correlate
with neurodevelopmental disorders like ADHD [27], cog-
nitive decline in aging [28], progression from mild cogni-
tive impairment to dementia [29], and assorted emotional
disorders [30—32]. Based on the latest model of executive
function [33], we focus on two independent components
of executive function: cognitive flexibility and working
memory, and their related paradigms to cover the mea-
surement of executive function in the most parsimoni-
ous way. Spatial ability, the capability to produce, retain,
retrieve, and modify structured visual representations, is
pertinent for tasks like spatial navigation, map interpre-
tation, and route determination [34]. Deficits in spatial
ability have associations with learning disorders, autism,
and may serve as a marker for preclinical Alzheimer’s
disease [35, 36].

Considering the pivotal role of cognitive assessment
in both clinical and educational domains, and in light of
the growing demand for electronic, standardized, and
mobile-based evaluations, this study endeavors to cre-
ate and validate the Baguan Online Cognitive Assess-
ment System (BOCAS) for both its reliability and validity.
BOCAS is designed to fill a gap in cognitive assessment
by providing a comprehensive, yet adaptable, test that
can meet the diverse needs of both clinical and educa-
tional contexts. This paper presents the development
of BOCAS, its constituent modules, and the validation
procedure, underscoring its potential utility in assessing
general cognitive capability (GCA) within the Chinese
milieu.

Method

Participants

In this study, a convenience sampling method was
employed. The sample size was determined based on
the guideline that it should be more than 20 times the
number of measurement items (tasks) [37-39]. Partici-
pants were openly recruited from campus online forums
in Haidian District, Beijing, and are likely to have rela-
tively similar socio-economic backgrounds. The inclu-
sion criteria for participants included: (a) self-reported
mental and psychological health, (b) prior experience
with touchscreen devices, including smartphones or
tablets, and (c) at least a primary school level of educa-
tion with the ability to independently comprehend task
instructions. The exclusion criteria included: (a) a clini-
cal diagnosis of severe mental illnesses such as depres-
sion, anxiety, schizophrenia, or bipolar disorder within
the past two months, (b) hearing impairment that pre-
vents effective communication at normal conversational
volumes, and (c) color blindness or color weakness. After
recruitment, we conducted telephone interviews to con-
firm that participants met the inclusion criteria. Only
those who met al.l the inclusion criteria and did not meet
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any of the exclusion criteria were invited to participate
in the experiment. Participants were informed that their
participation was voluntary, and they could withdraw at
any time. They were also requested to retake the test one
month later.

After excluding participants who did not complete
the test, 151 healthy adults participated in the initial
tablet-based general cognitive assessment. These par-
ticipants were aged between 18 and 40 years (mean age
22.69%4.60) with an educational background ranging
from 7 to 23 years (mean 14.98+2.27). The gender distri-
bution was 30% men and 70% women. For the retest, 124
subjects were included, aged between 18 and 40 years
(mean age 22.60%4.54), with educational experiences
spanning 7 to 23 years (mean 15.02+2.32). The gender
breakdown for this group was 25% men and 75% women.
All participants received appropriate compensation
upon completion of the experiment. The study secured
approval from the Ethics Committee of Beijing Language
and Culture University (2023-26).

BOCAS

In the Baguan Online Cognitive Assessment System
(BOCAS), the term “Baguan” is derived from an ancient
Chinese methodology that uses eight facets to evalu-
ate individuals’ talents and competencies. This name
was chosen for the current cognitive assessment system
to evoke metaphorical connotations relevant to Chi-
nese cultural contexts. Within this linguistic frame, the
number eight, represented by the term “Ba” in Pinyin,
can be seen as a symbolic figure, suggesting compre-
hensiveness or totality. BOCAS V1.0, targeting general
cognitive ability (GCA), serves as the prototype for the
anticipated suite of cognitive assessment offerings under
the BOCAS® brand. This suite is envisioned to encompass
cognitive evaluations and data management services tai-
lored to diverse specific contexts.

The BOCAS was crafted utilizing the Godot engine
(version 3.5.2, available at https://godotengine.org). The
software includes several cognitive assessment task mod-
ules (described in detail in the next section), with a com-
plete automatic guidance, task interruption redo, and
data storage export mechanism. It also contains a local
database, with assessment data stored in local devices,
allowing for independent export offline and rapid multi-
device upload via a local area network.

While the software is compatible with all touch-screen
devices, we standardized the device type in this study due
to potential influences of device model and screen size on
the results. For testing, we utilized the Lenovo Xiaoxin
Pad model 13.1.580 (Lenovo TB-J606F) equipped with
6GB of RAM. This tablet features an 11-inch screen and
boasts a resolution of 2000x 1200.


https://godotengine.org
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Procedure

Each participant conducted the assessment in a des-
ignated testing space and was provided a specific tab-
let for the self-directed tasks. The examiner instructed
participants to complete the tasks sequentially, and an
introductory practice was available for each task. If any
unexpected issues arose during the process, the par-
ticipants could ask the examiner for guidance. While
breaks between tasks were permitted, participants were
reminded to maintain focus and complete each task inde-
pendently. Typically, the assessment takes about 30 min
to finish, and tasks cannot be revisited. Upon completion,
data was saved to a designated folder on the tablet and
subsequently organized and analyzed by the examiner.

After the tablet-based assessment, the subjects were
required to fill out a self-rated General Cognitive Flexi-
bility questionnaire and the DASS-21 anxiety, depression,
and stress questionnaire, which took about 10 min. Then,
all the participants undertook the standard version of
the Raven’s Progressive Matrices test, requiring roughly
20 min. The total duration for this assessment session
was approximately 1 h.

A follow-up retest was administered 4 weeks later, mir-
roring the initial procedure with the exception of the
Raven’s Progressive Matrices test. First, the tablet tasks
were conducted, with the order of tasks and the presen-
tation of stimuli within each task based on a random
sequence, ensuring that it did not repeat the sequence
from the initial test. This was followed by the completion
of self-report questionnaires.

Brief description of tasks

Sensory-motor module (task name: quick tap)

Adapted from a simple target tap task [40], participants
are required to quickly and accurately tap falling circu-
lar stimuli to assess their basic reaction and visual-motor
integration abilities and need to tap as many falling
stimuli as possible accurately. Stimuli randomly generate
from 5 spawning points at the top of the screen, with an
interval of 500ms and a falling speed of 400 screen pixels
per second. After a stimulus is tapped, it disappears with
a 200ms fading animation. If the stimulus is not tapped
before it falls off the bottom of the screen, it is considered
as a miss. The task contains 120 trials and lasts about
2 min. Correct hits and misses are accompanied by cor-
responding auditory feedback. The recorded task data
includes the number of correct hits and the center error
distance between the actual click position of each button
and the optimal hit area in the center. The center error
distance is calculated as the relative distance between the
click position and the center of the stimulus compared to
the size of the stimulus, ranging from 0 to 1. Hitting in
the center is record as 0, while a complete miss is record
as 1.
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Processing speed module (task name: continuous addition)
Derived from the Paced Auditory Serial Addition Test
(PASAT) in neurocognitive assessment [41], Partici-
pants are required to continuously add the last numbers
presented, search for and select the correct answer as
quickly as possible, to assess their processing speed and
updating ability. Numbers are presented sequentially at a
rate of one every 2 s. No response is required for the first
number. From the second number onwards, participants
need to add it to the previous number. There is a selec-
tion number pad from 1 to 20 at the bottom of the panel.
The presentation of numbers is randomly controlled
according to the answer (2—-20), with the answer evenly
distributed in the number pad. Subjects need to respond
quickly before the next number appears. If the response
exceeds the time limit and the next stimulus number
appears, it is considered as a miss. Correct, incorrect,
and missed responses are accompanied by correspond-
ing auditory feedback. Task data recorded include the
reaction time for each response (i.e., the time from the
appearance of the number to the response) and the num-
ber of correct responses. The task consists of 3 sets of 20
trials.

Sustained attention module (task name: clock judgement)

Based on the Mackworth Clock Continuous Attention
Alert Task [42], participants are asked to quickly and
accurately judge whether the clock is ticking abnormally
to assess their sustained attention function. In this task,
the clock moves regularly at a rate of 1 degree per sec-
ond, but at certain time it will suddenly speed up to 2
degrees per second, forming a type of leap-second move-
ment. Participant need to quickly respond to the abnor-
mal movement by pressing a button. It is considered a
hit if the response was made within 1s. In contrast, if an
abnormality is not detected or the response was longer
than 1s, it is considered a miss. If the key is pressed when
there is no abnormal movement, it is incorrect (false
alarm). This task lasts for 6 min, with the probability of
abnormal movement appearing 4—6 times per minute.
Incorrect responses are accompanied by corresponding
auditory feedback, and there is no feedback reminder
when an abnormal movement is missed. The recorded
data includes the number of correct hits, missed hits, and
incorrect hits, and the response time for each instance.

Working memory modulate (task name: memory blocks)

Adapted from the Corsi Spatial Working Memory task
[43], participants is asked to recall the positions of blocks
in sequence to test their working memory capacity. The
maximum number of square layouts is 9 with random
position, which will be lit for 0.2 s in yellow. The order
of the lighting is the sequence to be recalled. After the
prompt “Please Recall” is shown, subjects are required
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to tap on the blocks that were just lit in order. If the
response is correct, the block turns green; if incorrect,
it turns red. The number of blocks to be recalled starts
from two and gradually increases until it stops after two
consecutive errors. If it does not exceed 9 blocks, the
memory capacity is recorded as the maximum number
of remembered blocks when stopped. The test comprises
2 sets, with the final memory capacity being the average
of the two. It should be noted that compared with the
design of fixed format (such as 3*3), in the current design,
the layout of the blocks for each memory trial will change
to increase memory load. The data recorded include the
response position of each recall, correct and incorrect
responses, and the highest number of items remembered.

Cognitive flexibility module (task name: trail making test)

It is an adapted version of the paper-and-pencil Trail
Making Task [44]. In this task, participants are required
to alternately click on the number and dot buttons in
ascending order to evaluate cognitive flexibility and inte-
grated response capabilities. Participants need to quickly
search and click on a randomly generated panel of num-
bers and dots, following the order of “number 1” - “dot 1”
- “number 2” - “dot 2”. “number 9” - “dot 9”. If the partici-
pant clicks correctly, the number or dot button will turn
from gray to blue, if the participant clicks incorrectly, the
button will not turn blue and cannot proceed to the next
click. The task contains a total of 3 sets, the layout is ran-
domly distributed. Correct and incorrect responses are
accompanied by corresponding visual feedback. The data
recorded by the task is the reaction time for correctly
completing each set.

Spatial ability module (task name: spatial navigation)

This task has been modified from a spatial navigation
task [45], in which participants are required to search
for a visual target in a virtual circular environment that
was hidden after spatial rotation with different refer-
ence clues. Specifically, there will be a rotating circle on
the screen. There is a target object, a small ball, in a cer-
tain position in the circle. Participants need to remem-
ber the specific position of the small ball. After pressing
the “Memorized” button, the circle rotates and the small
ball disappears. There is a starting response point on the
circle that represents the test subject’s perspective. The
test subject needs to drag a route from this point to find
the position before the small ball disappeared. The task is
divided into three stages. In the first stage, self+environ-
mental navigation is required, the starting response point
does not change before and after rotation (i.e., self as
the reference), and there are two tree-shaped references
(i.e., environmental reference). In the second stage, self-
reference navigation is required, the starting response
point does not change before and after rotation, and
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there are no reference objects. In the third stage, envi-
ronmental navigation is required, the starting response
point changes before and after rotation, and there are two
tree-shaped reference objects. The position of the target
object, the small ball, is pseudorandom. In each stage,
seven trials will be taken, that is, the circle will rotate
seven times, and the rotation angle is also pseudorandom
(45°, 90°, 135°, 180°, 225°, 270°, 315°). Participants need
to respond within the circle area, the response time is
not limited, and the answer can be changed. The results
recorded include the error distance between the con-
firmed target position and the real target position each
time. The schematic diagram of the six modules can be
seen in Fig. 1.

Data analysis

The exported data format for the task modules is .CSV.
Custom Python scripts are used to organize the exported
local data, including aligning the data according to the
test subject number, cleaning and conducting prelimi-
nary analysis on the raw data, merging demographic data
and the scores of the subjects’ subjective cognitive assess-
ment scales and Raven’s intelligence test.

For specific task performance scores, the Sensory-
Motor (Quick Tap) task collects the number of correct
clicks and the center error. The calculated index for this
task=the number of correct clicks / total number * (1 —
mean (center error)). The Processing Speed (Continu-
ous Addition) task records information such as correct,
missed, and erroneous reactions. The calculated index
for this task=the average number of correct responses in
the Continuous Addition task / total number of required
responses. The Sustained Attention (Clock Judgment)
task records correct, erroneous, and missed responses.
The calculated index for this task=number of correct
responses - number of erroneous responses. The Work-
ing Memory (Memory Blocks) task records correct and
erroneous recall responses. The calculated index for this
task=the average maximum number of blocks recalled.
The Cognitive Flexibility (Trail Making Test) task records
the reaction time of each response. The calculated index
for this task=average time to complete the Trail Mak-
ing Test (only when the current click is correct can the
next button be activated and become clickable, so the
completion time can well reflect individual ability). The
Spatial Ability (Spatial Navigation) task records the error
distance of each response. The calculated index for this
task=average error distance in the Spatial Navigation
Task.

It should be noted that indices calculated based on
hit rates, number of responses, etc., are positively cor-
related with actual task performance, while those based
on average error distances and average reaction times are
inversely related to actual task performance and function.
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Fig. 1 lllustration of the six modules in the tablet-based general cognitive ability test. a-f represent the diagrams of the six modules of sensory-motor
module, processing speed module, attention module, working memory module, cognitive flexibility module, and spatial ability module respectively. In
each subgraph, the right side is the sequence diagram, and the left side is the real screenshot

The calculated indices are further transformed into stan-
dard scores for each module’s performance through the
formula 100+£15*Z for further analysis. In addition, we
used two strategies to calculate the general cognitive abil-
ity score (GCA) for the test set: (a) the standard scores
of each module are simply summed to form the assess-
ment total score; (b) factor score based on principal
component analysis was obtained to get the weighted
measurements of GCA. The study’s reliability analysis
uses internal consistency (Cronbach’s Alpha), split-half,
and test-retest reliability using Pearson’s correlation coef-
ficient as well as Intraclass Correlation Coefficient (ICC).
Item analysis uses item-total correlation and independent
sample t-tests for high and low groups. Construct valid-
ity testing uses exploratory factor analysis for pre-test
data and confirmatory factor analysis for post-test data.
Taking the scores of the Raven’s Reasoning Test and the
subjective cognitive flexibility evaluation as the criterion,
Pearson correlation analysis was used to examine the
criterion validity of each independent task and the over-
all performance of the test. In addition, this study also
explored the relationship between task performance and
demographic information using independent and paired

sample t-tests, correlation analysis. Data analysis is per-
formed using SPSS.22 and RStudio with related packages
such as Lavaan, semPlot.

Result

Reliability analysis

Reliability denotes the consistency of results when a
method is repeatedly applied to measure the same entity.
In behavioral assessments, the internal consistency of
multiple trials within a test can be represented using
the internal consistency coefficient (Cronbach’s Alpha).
Additionally, the consistency of test scores across differ-
ent time points, known as test-retest reliability, further
illustrates this attribute. Table 1 displays the internal
consistency coefficients for the six task modules along-
side the correlation of test performance one month apart
(test-retest reliability using Pearson’s correlation coeffi-
cient). The table also presents the calculated indices for
each module, which serve as benchmarks for determining
test-retest reliability. The results indicate that the inter-
nal consistency coefficients for each BOCAS dimension
exceed 0.7, with test-retest reliability (both r and ICC)
ranging from 0.56 to 0.71, all exceed 0.5 and significant
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Table 1 Reliability analysis of BOCAS
Modules Cron- Internal Calculated score for each Time 1 Time 2 Test- 1CC (2,1) T(p)
bach'’s repetitions module retest 95% Cl
Alpha r
(n=151) (n=120)
Sensory-Motor  0.731 2 The Number of Correct Clicks ~ 0.569 (0.08) 0.568(0.07) 0.576***  0.575 (0.445 0.057
/Total Number * (1 - Center -0.682) (0.955)
Error)
Processing 0.846 3 The Average Number of Cor- 12.32(3.69) 1437(3.68) 0.610** 0612(0489-0.711) -7.01
Speed rect Responses (0.001)
Sustained 0.822 2 Number Of Correct Hits - 13.61(7.84) 13.37(7.11)  0.708***  0.708 (0.608 —786)  0.441
Attention Number of Erroneous Hits (0.660)
Working 0.712 4 The Average Maximum Num-  5.99(0.99) 6.13(1.05)  0.602*** 0.604 (0.478 -0.705) -1.65
Memory ber of Memory Blocks Recalled (0.100)
Cognitive 0.757 3 Average Reaction Time 17.799(4.04) 17.365(3.25) 0.562***  0.563 (0.420-0.673) 1411
Flexibility 0.161)
Spatial Ability 0.776 3 Average Error Distance 0.1282(0.07) 0.1261(0.06) 0.623*** 0625 (0.505-0.722) 0.420
(0.675)
Total score of 0.651 6 Sum of standard scores for 601.67(54.58) 599.76(56.02) 0.782***  0.783 (0.704-0.843) 0.579
BOCAS each module (0.542)

Note: The Sensory-Motor module and the Sustained Attention module are split into odd and even halves for the process response, from which the split-half
reliability is extracted. For other tasks with internally set repetitions, the internal consistency reliability of the repeated tests is reported. Here, the test-retest
reliability is reported using Pearson’s correlation coefficient r, as well as the Intraclass Correlation Coefficient (ICC) value for Single Measures under the two-way

random, absolute agreement model, ICC (2,1). ***: p<0.001

at the 0.001 level, indicating moderate to good test-retest
reliability [46, 47].

We further conducted a difference analysis on each
of modules before and after a 4-week interval to inves-
tigate the practice effect. Descriptive data on the indi-
cators of each module in the two measurement times,
as well as pairwise differences, are presented in Table 1.
The results showed that only Processing Speed showed a
significantly better performance in the second measure-
ment. For other task modules, the practice effect was
not significant. Furthermore, the results show that if the
standard score of each module is used as the consistency
measurement index, the overall internal alpha coefficient
of the tool is 0.651; the test-retest reliability of the GCA
can reach 0.782 for total score and 0.775 for factor score;
while there was no significant difference in the BOCAS
total score in the measurements at the two time points (t,
p), which indicated the cross-time stability of the evalua-
tion. Related reports are shown in Table 1.

Modules analysis

The test is designed to assess an individual’s general
cognitive function. Each module and its measurement
dimensions are derived from theoretical deduction. It is
necessary to evaluate the correlation between the perfor-
mance of a single module and the individual’s compre-
hensive cognitive function, as well as the discrimination
between each dimension. The correlation between the
scores of each dimension and the total score, that is, the
item-total correlation, is calculated. Here we calculated
the correlation between a certain task and the total score
without that particular task to examine the contribution

Table 2 Discrimination analysis of each module of BOCAS

Modules Task-total correlation t-value for
(The task excluded) high and
low score
groups
Sensory-Motor 0.273** 5.637%**
Processing Speed 0.400*** 11.098***
Sustained Attention 0.342%** 3.064**
Working Memory 0.355*** T717x**
Cognitive Flexibility 0.519%** 8.145%**
Spatial Ability 0.398*** 6.164%**

Note: **: p<0.01, ***: p<0.001

of a certain task to the overall score. The results show
that the correlation between the task score and the total
scores of other tasks reached a significance of p<0.01.
Demonstrated good internal consistency and conver-
gency of the test. The top 27% of the total scores are clas-
sified as the high-score group and the bottom 27% as
the low-score group, with 40 people in each group. The
independent samples t-test shows that there are signifi-
cant differences between the high and low-score groups
in each module dimension, that is the discrimination of
the BOCAS module meets the basic requirements. The
related results are shown in Table 2.

Validity test

Structural validity

We used the exploratory factor analysis to test the struc-
tural validity of BOCAS. The KMO value in this study is
0.749, so the factor analysis can be performed (generally,
if the KMO value is greater than 0.5, a factor analysis can
be conducted). The Bartlett’s test, y’=99.42, p<0.001,
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Fig. 2 Factor loading plot for each module of the BOCAS

Table 3 Results of confirmatory factor analysis
Model x2/df CFI TLI RMSEA
Single Factor Model 1.81 0.932 0.887 0.080

Note: Chi-Square (x?) and Chi-Square to Degrees of Freedom Ratio (x*/df): A x*/
df ratio less than 3 is generally considered acceptable, and a value less than 2 is
preferred; Comparative Fit Index (CFI): A CFl value greater than 0.90 is generally
considered acceptable, and a value greater than 0.95 is preferred; Tucker-Lewis
Index (TLI): ATLI value greater than 0.85 is generally considered acceptable, and
avalue greater than 0.90 is preferred; Root Mean Square Error of Approximation
(RMSEA): An RMSEA value less than 0.05 indicates a close fit, values between
0.05 and 0.08 indicate a reasonable fit, and values greater than 0.10 indicate a
poor fit

suggests the existence of common factors. By using the
principal component analysis method and extracting
common factors with eigenvalues greater than 1, and
then rotating using the Varimax method, one factor was
extracted, which can explain 36.92% of the total variance,
in line with the general cognitive g factor conception.
For the post-test sample, the fixed one factor model can
explain 39.60% of the total variance. At the same time,
confirmatory factor analysis was used to construct a
single-factor model for the post-test data. The maximum
likelihood estimation method was used to test the fit
degree of the data and the model. y*/df is less than 2, CFI
and TLI are both greater than 0.85, and RMSEA equals
0.080, indicating that the single-factor model fits the
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General cognitive
function

(9)

observed data quite well [48—51]. Figure 2; Table 3 shows
how each module contributes to the overall general cog-
nitive ability and related fitting coefficients.

Criterion-related validity

The study obtained the participants’ scores from the
Standard Raven’s Progressive Matrices test as the crite-
rion scores for general cognitive abilities and conducted
a correlation analysis with the BOCAS scores. The results
showed a significant correlation between the GCA score
of BOCAS and the score of the Raven’s Progressive
Matrices test (Total score: r=0.58, p<0.001; factor score:
r=0.59, p<0.001). The scores of each test module were
also significantly correlated with the Raven’s score, spe-
cifically: Sensory-Motor (r=0.27, p=0.001), Processing
Speed (r=0.41, p<0.001), Sustained Attention (r=0.32,
»<0.001), Working Memory (r=0.28, p=0.01), Cognitive
Flexibility (r=0.58, p<0.001), and Spatial Ability (r=0.38,
p<0.001). These results indicate that BOCAS has good
criterion-related validity.

Moreover, age-related developmental changes can also
act as a criterion for validating cognitive tests. The GCA
score of BOCAS is significantly negatively correlated
with age (Total score: r = -0.32, p<0.001; Factor score: r
=-0.33, p<0.001). In terms of the individual modules, the
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scores of Processing Speed (r = -0.26, p=0.002), Working
Memory (r = -0.19, p=0.020), Cognitive Flexibility (r =
-0.22, p=0.007), and Spatial Ability (r = -0.44, p<0.001)
are significantly negatively correlated with age; Sustained
Attention and Sensory-Motor are not modulated by age.

Furthermore, the study obtained the participants’ self-
reported cognitive flexibility scores as a subjective mea-
sure of cognitive ability and conducted a correlation
analysis with the BOCAS scores. The results showed a
significant correlation between the GCA of BOCAS and
the score of subjective cognitive flexibility (Total score:
r=0.35, p<0.001; Factor score: r=0.352, p<0.001). In
terms of the individual modules, the scores of Processing
Speed (r=0.38, p<0.001), Cognitive Flexibility (r=0.21,
p=0.004), Sustained Attention (r=0.24, p=0.004), and
Sensory-Motor (r=0.18, p=0.029) were significantly pos-
itively correlated with cognitive flexibility; Spatial Ability
and Working Memory were not modulated by the sub-
jective cognitive flexibility score. Table 4 describes the
correlation coefficients of BOCAS and its various mod-
ules with Raven’s score, age, and self-reported cognitive
flexibility.

Preliminary application of BOCAS

In order to better examine the relationship between
demographic variables (such as gender and education
level, etc.), subjectively reported emotional states (i.e.,
DASS score) and test performance, we firstly performed
a mixed-ANOVA based on gender (male/female) and
two time points (time 1/time 2) for each module and the
GCA score. The results only showed the main effect over
time in the Processing Speed (as reported above), and no
other gender-related main effect or interaction effects
were found (p>0.282).

Furthermore, we conducted a partial correlation
analysis on the GCA score of BOCAS and separated
modules with individuals’ level of education control-
ling for age. The results indicated a positive correlation
between the GCA scores of BOCAS and the modules of

Table 4 Criterion-related validity of the BOCAS GCA score and
its individual modules

Raven'’s age(-r) Score of
score(r) subjective
cognitive
flexibility
Total score of BOCAS 0.583%** —0.321%** 0.354%**
Factor score of BOCAS 0.587*** —0.328%** 0.352%**
Sensory-Motor 0.268*** -0.117 0.181*
Processing Speed 0.410%** —0.256** 0.375***
Sustained Attention 0.324%** -0.049 0.238**
Working Memory 0.281** —0.190* 0.157
Cognitive Flexibility 0.583%** —-0217% 0.2171%*
Spatial Ability 0.383%** —0438%** 0.136

Note: **: p<0.01, ***: p<0.001
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Sensory-Motor and Cognitive Flexibility in the pretest
and the Spatial Ability in both two test times, suggesting
an individual’s education level can affect his/her cognitive
ability performance (p,< 0.05).

In addition, the analysis of BOCAS scores and indi-
vidual emotional status found that there is a cor-
relation between task-based cognitive function and
individual’s emotional status. The DASS score has a
significant negative correlation with the GCA score of
BOCAS (p,<0.005), which is consistent with the hypoth-
esis that individuals at risk of emotional disorders are
related to cognitive deficits. However, using the Raven’s
Progressive Matrices test was unable to sensitively show
this association, indicating that this research tool has
the potential to be applied in cognitive evaluation in the
cross-diagnosis of mental illnesses. Relevant data are pre-
sented in Table 5.

Discussion

This study sought to fulfill the growing demand for a
dependable and flexible cognitive assessment instrument
by introducing the Baguan Online Cognitive Assess-
ment System (BOCAS). BOCAS provides a tablet-centric
assessment suite tailored to gauge an individual’s general
cognitive prowess across multiple cognitive domains.
Through rigorous validation, BOCAS has showcased
significant promise for both clinical and educational
applications.

Reliability stands as a cornerstone for any assessment
instrument. The internal consistency reliabilities () for
each of the six modules within BOCAS span from 0.72
to 0.85. These figures denote a moderate to high level of
internal consistency, implying that the modules provide
consistent and dependable outcomes. Furthermore, the
test-retest reliabilities of these modules, which range
from 0.56 to 0.71, demonstrate substantial temporal sta-
bility [52]. Such results are significant, especially when
considering that the typical test-retest reliability for cog-
nitive behavioral tasks averages around 0.61 [53]. Of par-
amount importance is the observation that the test-retest
reliability of BOCAS’s GCA score approaches 0.78, even
surpassing the common benchmarks set by self-report
measures [53]. The test-retest reliability of BOCAS’s
modules, exceeding these standards, emphatically under-
scores the tool’s robust consistency and reliability.

A standout feature of BOCAS is its proficiency in
countering the practice effect, a prevalent concern in
cognitive assessment. Practice effects have the poten-
tial to skew assessment interpretations, as individu-
als might exhibit improved performance merely due to
prior test exposure. Yet, BOCAS effectively curtails this
influence, as illustrated by the paired-sample t-tests that
revealed negligible performance variances between ini-
tial and subsequent tests. This holds significant merit
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Table 5 Task performance in each module and gender, education and emotion

GCA

GCA

Spatial

Processing Speed  Sustained Attention = Working Memory Cognitive Flexibility

Sensory-Motor

Time

(Factor)

(Total)

Ability

Gender
(Score)

(2024) 12:778

024
030

605.19 586.66 0.10

98.64
97.54

100.55
100.81

96.32

101.51

100.14
98.33

99.94
100.55
0.163
0.121

98.96

100.42

96.85

101.29
102.10
0.144
0.153
-0.113
-0.065

101.75 95.73

100.69
0.213*

T

0.10

584.02

605.32

96.69

101.10
0.223*
0.148

99.82

100.05
0.101

93.69

97.92

0.347%** 0.339%*

0.477%**

Education

(pn)

0.244**

0.255**

0.253**
-0.103
-0.174

0.108

0.147
-0.029
-0.100

T2

-0.238**
-0.203*

-0.230**
-0.213%

-0.2471%*
-0.219*

-0.123

-0.027

-0.276***
-0.215%

T

DASS

T2
Note: *: p < 0.05, **: p < 0.01, ***: p < 0.001
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since practice effects can inject biases into assessment
outcomes [54, 55]. Practically, by diminishing the prac-
tice effect, BOCAS bolsters its capability to accurately
track cognitive shifts over durations, be it for monitor-
ing developmental trajectories or gauging the efficacy of
interventions in both clinical and academic contexts.

The capacity for discrimination — the ability of an
assessment tool to differentiate between high and low
performers — is pivotal [56]. Every module within
BOCAS showcased outstanding discriminatory power. A
comparative analysis of scores between the top and bot-
tom 27% of participants for each module revealed pro-
nounced differences. Such results underscore BOCAS’s
adeptness in detecting nuanced disparities in cognitive
performance across individuals. Beyond its reliability,
this robust discrimination underlines BOCAS’s precision
in evaluating cognitive competencies.

A foundational principle of cognitive assessment posits
the existence of a general cognitive ability factor (g fac-
tor) that underpins performance across diverse cognitive
tasks. Approximately 40% of the total variation in scores
from a test set can be ascribed to this single factor [57].
In alignment with this principle, exploratory factor analy-
sis (EFA) on BOCAS identified a singular factor respon-
sible for roughly 40% of the total variance. Each module
demonstrated significant loadings on this general cogni-
tive ability component. Subsequent confirmatory factor
analysis (CFA) further endorsed the single-factor model,
showcasing optimal fit indices. These results underscore
the capacity of BOCAS’s six modules to effectively mea-
sure general cognitive ability.

Criterion-related validity is a vital aspect of any cog-
nitive assessment tool. BOCAS showcased robust crite-
rion-related validity through its significant correlation
with the standard Raven’s Progressive Matrices, a widely
recognized measure of nonverbal fluid intelligence [58].
Importantly, both the General Cognitive Ability (GCA)
from BOCAS and the performance across individual
modules correlated markedly with the Raven’s scores.
This emphasizes BOCAS’s competence in gauging gen-
eral cognitive ability, even without explicit reasoning
tasks. The modules encompass spatial memory, navi-
gation, attention, cognitive processing, and flexibility,
ensuring that each test distinctly captures individual cog-
nitive functions while collectively offering a holistic view
of an individual’s cognitive prowess. The pronounced
correlation coefficient for the GCA score posits that
BOCAS might hold an edge over traditional single-form
fluid IQ assessments.

Differences in cognitive performance across age groups
serve as a pivotal criterion for the validation of cogni-
tive assessments. Many cognitive abilities tend to peak in
early adulthood and subsequently decline with advancing
age [59]. BOCAS effectively captured these age-related
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variations in performance, with older individuals gener-
ally showcasing diminished cognitive outcomes, further
bolstering its credibility as a cognitive assessment instru-
ment. Moreover, when age was accounted for, educa-
tional attainment displayed a robust positive correlation
with performance on BOCAS. This aligns with the well-
established notion that education has a beneficial impact
on cognitive function [60]. Such findings highlight
BOCAS’s adeptness in discerning cognitive disparities
influenced by both age and education, thereby reinforc-
ing its legitimacy as an evaluative tool.

Beyond its established psychometric strengths,
BOCAS stands out due to its adaptability and broad
range of potential uses. The significant correlations
between BOCAS scores and self-reported cognitive flex-
ibility, paired with associations with adverse emotions
such as depression and anxiety, underscore its potential
to illuminate the cognitive facets underlying emotional
well-being. Specifically, emotional disorders involve
solidified irrational beliefs and pathological rumination,
which are closely related to poor cognitive flexibility and
the inability to update and inhibit emotional interference
[61]. Cognitive flexibility deficits and diminished atten-
tional control could underlie symptom emergence and be
crucial to their perpetuation [62]. Our data revealed that
besides the overarching GCA score, BOCAS’s attention
and cognitive flexibility module performances negatively
correlated with chronic emotional dysregulation. This
positions BOCAS as a potent evaluative instrument for
cognitive dynamics linked to emotional disorders [63].

The inclusion of multiple modules representing vari-
ous cognitive functions allows BOCAS to offer a trans-
diagnostic perspective, making it invaluable for diverse
research and clinical applications. For instance, through
its integration of multiple modules representing vari-
ous cognitive functions such as memory, attention, and
executive function, BOCAS offers a holistic view of a
patient’s cognitive profile, which is crucial for diagnosing
and monitoring neurocognitive disorders like Alzheim-
er’s disease (AD) and mild cognitive impairment (MCI)
[64]. The ability of BOCAS to conduct rapid screenings
in primary care settings allows for the early identification
of potential cognitive issues, enabling timely interven-
tions that can significantly delay the progression of these
conditions [65]. Based on the detailed data provided by
BOCAS, healthcare teams can tailor rehabilitation pro-
grams to suit individual patient needs, enhancing treat-
ment efficacy and patient engagement, while regular
follow-ups using the tool enable the tracking of prog-
ress and adjustment of therapeutic strategies. The digital
nature of BOCAS also supports the expansion of tele-
medicine services, making cognitive assessments more
accessible to those in remote areas or with mobility chal-
lenges [66]. Additionally, the large datasets collected
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through BOCAS contribute to ongoing research, aiding
in the discovery of new mechanisms behind cognitive
disorders, the development of novel treatments, and the
improvement of existing assessment tools [67], thereby
creating a positive feedback loop between research and
clinical practice.

Limitations

While the BOCAS shows significant promise, several
limitations should be acknowledged. Firstly, the study
sample, which was recruited through social and con-
venience sampling, lacked a systematic distribution of
demographic and socioeconomic variables. This imbal-
ance may limit the generalizability of the results to
broader and more diverse populations. Additionally, the
validity and reliability of BOCAS have not been tested in
clinical populations, which is a critical gap that needs to
be addressed in future research.

Another limitation is that BOCAS does not cover some
broad cognitive domains, such as social and emotional
cognition. These areas are increasingly recognized as
important components of overall cognitive function, and
their inclusion would enhance the comprehensiveness of
the assessment. Furthermore, more research is needed
to monitor long-term cognitive changes, as the current
study primarily focuses on cross-sectional data. Longitu-
dinal studies will provide valuable insights into the sys-
tem’s ability to track cognitive development and decline
over time.

Accessibility is another concern, particularly for indi-
viduals with limited access to technology. Ensuring that
BOCAS is accessible to a wider range of users, includ-
ing those in underserved communities, is essential for its
widespread adoption and utility. Additionally, the study
was limited to Chinese adults, and further research is
needed to validate the system’s effectiveness and reliabil-
ity in different cultural and linguistic contexts.

Despite these limitations, BOCAS in its current form
is promising and has the potential for wide application in
various domains. Future research with larger and more
diverse sample groups, including clinical populations,
will further reinforce the overall validity and reliability
of the system. Expanding BOCAS to cover additional
cognitive domains, such as social and emotional cogni-
tion, and improving its long-term monitoring capabilities
will make it a more comprehensive and useful tool. The
system’s flexibility in task module configuration, remote
testing capabilities, and robust data management systems
will facilitate its expansion into various assessment and
application areas, thereby fostering advancements in dig-
ital education and healthcare.
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Conclusion

As an electronic assessment tool for general cognition,
BOCAS demonstrates commendable reliability and valid-
ity. Its modular structure and streamlined data collec-
tion make it highly adaptable to diverse settings. BOCAS
holds great promise in advancing cognitive research,
clinical diagnostics, educational assessments, and human
resources evaluations. Its potential to enhance our
understanding of cognitive functions, diseases, personal-
ity traits, and overall performance positions it as a pivotal
tool across various fields.
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