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Cognitive function is one of the most fundamental psychological functions that play a significant role in person’s daily life. 
Impairment in cognitive function can impacts the daily functioning and overall performance of the person. A digital application 
could be an accessible and convenient method for the effective evaluation of cognition. The proposed Cognitive Assessment 
Digital Smart Tool (CADST) evaluates the Attention (ATT) and Working Memory (WM) parameters of cognition. The 
outcome measures of CADST were evaluated against PGI Memory Scale (PGIMS) and Montreal Cognitive Assessment 
(MoCA). Usability testing for the CADST tool was performed using the Post‒Study System Usability Questionnaire (PSSUQ). 
A total of 30 healthy participants were recruited (women = 12, men = 18; age (M ± SD) = 35.6 ± 10.63 y. o.). The feasibility 
study analysis revealed a significant moderate to strong correlation between the total scores of CADST and PGIMS (r = 0.75; p 
< 0.001) and a low to moderate correlation between the total scores of CADST and MoCA (r = 0.44; p < 0.001). Subtests of 
CADST and PGIMS showed strong correlation for ATT (r = 0.81; p < 0.001) and moderate correlation for WM (r = 0.51; 
p < 0.001). Similarly, subtests of CADST and MoCA showed moderate correlation for ATT (r = 0.63; p < 0.001) and low 
correlation for WM (r = 0.24; p = 1.82). CADST showed a high correlation with PGIMS for evaluating ATT and WM 
symptoms of cognition provide evidence of convergent validity. CADST is the first digital smart screening tool based on 
PGIMS for ATT and WM using web‒based technology. The overall usability ratings showed high acceptance for system usage, 
interface and information quality. 
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Introduction 
Cognition refers to a wide range of mental 

processes and abilities, including perception, attention 
(ATT), memory, language, problem‒solving, and 
decision‒making. Cognitive impairments are observed 
in the majority of individuals diagnosed with 
psychosis and are present across a wide range of 
domains such as ATT, Working Memory (WM), 
executive function.1 Impairments in these cognitive 
functions deteriorates the overall functionality of 
affected individuals.2 There is good evidence that 
cognitive dysfunction strongly correlates with the 
social outcome, independent living, Quality of Life 
(QOL), and acquiring skills in psychosocial 
rehabilitation programs.3 

Assessment of cognitive function is an essential 
component of the psychological, psychiatric, and 

neurological evaluation. A large number of cognitive 
assessment tools are available worldwide which are 
paper and pencil based screening tools such as 
Mini‒Mental State Examination (MMSE) and Hindi 
version of MMSE (HMSE)4, Montreal Cognitive 
Assessment (MoCA) and different versions of 
Addenbrooke's Cognitive Examination (ACE).5 
Recent technological advancements have created the 
opportunity for implementation of digital platforms 
for cognitive screening such as Mini Cog,6 Brain 
Game,7 electronic MoCA (eMoCA),8 Cog State9 and 
Cognistat.10 These tools have been developed for 
populations in which they are intended to be used. 
The MMSE is one of the most widely used screening 
tools, but it has many shortcomings in terms of 
sensitivity, a prominent ceiling effect, and uneven 
sampling of cognitive domains.11 The available 
cognitive screening tools are adapted and translated 
for varied populations with different educational 
levels.12–13 
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To be used in India, the development of these tools 
requires adaptation and validation of the existing tests 
in the local language to improve the sensitivity or to 
search for measures with adequate cross‒cultural 
validity.14 Indians do not just differ by religion but 
also by culture and language. It is known that India is 
not a single language nation, but there are around 22 
official languages in India15 and unfortunately, the 
cognitive assessment tool is proving to be an 
enormous challenge among the Indian population. 
Some tools are available for use in the Indian 
population, but are adapted and translated versions of 
their original tools to ensure linguistic and cultural 
equivalence for other population. There are minimal 
numbers of Indian standard cognitive test paper 
and pencil batteries, such as Post Graduate 
Institute Memory Scale (PGIMS),16 NIMHANS 
Neuropsychological Battery,17 and AIIMS 
neuropsychological battery,18 but a few are limited to 
the time of administration, language, and education. 
With advances in technology, electronic/digital 
assessments during clinical trials has a good potential 
for improving efficiency and reliability of testing 
cognitive parameters, also assisting integrating 
performance scores into digital health data record. By 
considering cultural factors and incorporating diverse 
perspectives, this study presents the Cognitive 
Assessment Digital Smart Tool (CADST) to evaluate 
the two major cognitive parameters such as ATT and 
Working Memory (WM) for promoting equity, 
accuracy, and fairness in cognitive evaluations. 

Methods 

Measures 
After an extensive review of literature, two 

significant domains of cognition were selected, 
including ATT and WM. 

Cognitive Assessment Digital Smart Tool (CADST) 
The CADST tool, which was developed for this 

study, includes sections for assessment such as; a) the 
homepage that includes a login option, patient 
information (add/ open existing patient list), and open 
database; b) the verbal and audible instructions to the 
user for each test, option to choose assessment test 
and c) The third section of the CADST contains a set 
of 3 short cognitive assessment tests; Digit Forward 
Span (DFS) and Digit Backward Span (DBS) for ATT 
and Delayed Recall (DR) for WM assessment. These 
all tests were automated versions of PGIMS, 
including additional performance parameters such as 
correct and incorrect attempts, score of each test, 
reaction time, total time of assessment, and database 
storage for screening of cognitive parameters. The 
time taken to administer the CADST is 5–6 min. The 
CADST supports the English and Hindi language. 
The CADST tool framework is shown in Fig. 1. 

A detailed description of each CADST test can be 
found in Table 1.  

Standard Neuropsychological Tools 
Two standardized neuropsychological assessment 

tools were used to investigate the correlation of 
CADST for ATT and WM. Tools included were: i) 

Fig. 1 — The user interface of CADST tool: (a) home page, (b) ATT (c) WM test 
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PGIMS, consists of ten subtests of cognition 
i) remote memory, ii) recent memory, iii) mental
balance, iv) ATT/ concentration, v) DR, vi) immediate
recall, vii) retention for similar pairs viii) retention
for dissimilar pairs, ix) visual retention and
x) recognition.19 In this study, ATT and DR subtests
were included for assessment and total time to
administer the PGIMS was 5‒7 min. It is applicable for
individuals with varying educational and language
backgrounds and considers being a valid tool for Indian
multicultural society; ii) MoCA, to detect the cognitive
impairments in clinical settings.20 Various cognitive
parameters are assessed in MoCA such as WM, DR,
ATT, language and other cognitive parameters.21 In
this study, 3 subtests of ATT: taping task, backward
series subtraction task, DFS, DBS and DR for WM
were included for assessment. Total time to administer
the MoCA was 6‒8 min and score was scaled for ATT
(0‒16) and WM (0‒10) for data analysis.

Technical Specifications and Apparatus 
The CADST tool was developed in the Android 

Studio Integrated Development Environment (IDE) 
(version 3.5.3) developed by Google and JetBrains 
company.22 Program was written in Kotlin language. 
The CADST data was stored and synchronized over 
the Firebase cloud.  

Participant Recruitment 
Participants were recruited from 12th August 2021 to 

08th September 2021. A total of 30 healthy participants, 
without any visual or auditory impairment, which 
cannot be corrected by aids, 18‒60 years, able to 
comprehend the English or Hindi language were 
recruited for this study. The participants with any 
mental illness or neurological disorder were excluded 
from this study. 

Procedure 
The experimental procedure was done into 

different stages. At the beginning, the participants 
introduced about the detailed description of the study 

and instruments/tools used. Then, with the signing up 
of the consent form, the participant's demographic 
details were recorded. In 1st stage, the participants 
were evaluated on CADST tool for ATT and WM 
assessment as shown in Table 1. In 2nd stage, same 
participants were evaluated on PGIMS and MoCA 
with a gap of XX minutes between the different 
batteries. After assessment part, survey questionnaire 
was filled by each participant to measure their 
perceived satisfaction of using CADST tool. 

Usability Testing 
The CADST tool usability was assessed using the 

Post‒Study System Usability Questionnaire (PSSUQ) 
questionnaire.23 It is 16 item post‒test survey 
questionnaire that calculates 3 crucial metrics to rate 
the usefulness of a system, information quality and 
interface equality. The PSSUQ rating scale ranged 
from 1‒7 for each question. The higher score 
corresponds to disagree strongly. 

Ethical Approval 
The Organization Ethical Committee approved the 

study at the CSIR‒Central Scientific Instruments 
Organisation (CSIR‒CSIO), Chandigarh (letter no. 
IEC/CSIO/2021/11). 

Statistical Analysis 
The data was analysed using SPSS tool (ver. 20.0). 

All the quantitative variables’ results were reported 
either as mean, standard deviation, or frequency 
(percentage). The continuous variables were compared 
by using a two‒tail T‒test. The correlation between 
two variables was measured using the Pearson 
Correlation test. The p‒value ≤ 0.05 was considered to 
be significant.  

Results and Discussion 

Participants Statistics 
The study included 30 healthy participants. The 

participants’ mean age was 35.6 (SD: 10.63) years, with 
13% of them aged 46 years or above. Out of all 

Table 1 — Description of the CADST subtests 

Test features Test 1: DFSa Test 2: DBSb Test 3: DRc 
Measure ATT WM
Scoring criteria Total No. of correctly recalled digits Total No. of correctly recalled digits Total No. of correctly recalled words 
Maximum score 08 08 10 
Practice Test No No No 

Note: aA set of digit sequences will be displayed onscreen (1 digit/second). The user has to select the digits in the same sequence. 
bA set of digit sequences will be displayed on screen (1 digit/second). Following that, the user has to select the digits in opposite sequence. 
cAn audio and a visual file containing a list of 5 words will be displayed on screen (1 image/second). Following that, the user has to recall and 
select as many words as possible (distraction of 1min). This test is repeated 1 more time (2 trials in total) using the different word lists. 
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participants, 40% were women, and 60% were men. All 
participants were educated for at least 10 years with 
diverse occupational backgrounds such as computer 
science, electronics, physics, biomedical engineering, 
and accounts. When those aged up to 45 years and those 
aged above 45 years were compared, it was seen that 
those who were younger had better performance on 
CADST and PGIMS subtests mean scores (Table 2).  

When the correlation between CADST and PGIMS 
tool for ATT and WM was evaluated, there was a 
moderate and strong correlation between both tools for 
WM and ATT test, respectively. When the association 
of CADST and MoCA was evaluated, there was a low 
and moderate correlation between both tools for WM 
and ATT test, respectively. Correlation analysis between 

performance on PGIMS and MoCA tool for ATT and 
WM was evaluated; there was a low and moderate 
correlation between both the tools for WM and ATT 
test, respectively (Table 3, Fig. 2). 

Usability Outcomes 
When the usability of CADST was evaluated, in 

terms of system usage, interface, and information for 
the CADST usability, the mean scores on PSSUQ 
were in the acceptable range (Table 4).  

Existing digital cognitive assessment tools are 
developed and validated in Western countries. 
However, most of these tools are not validated in the 
Indian socio‒cultural context. Many studies have 
reported that the available cognitive assessment 
instruments differ widely in the population intended 
for use, administration time, interpretation of results, 
and the assessment of certain cognitive domains, and 
little guidance is available for selection among these 
instruments for clinical trials.24 Some of the studies 
have reported that there are translated and adapted 
tools for cognitive assessment.25–27 Clinicians from 
developing countries use translated and adapted 

Table 2 — Cognitive functioning in the study sample based on age differences 

Variables  Whole Sample N= 30 Age group Comparison statistics T‒test (p‒value) 

Age 18–45 year (n = 24) > 45 years (n = 06) 
Age(mean, SD) 35.6 (10.63) 31.3 (6.03) 53 (5.96) <0.001* 
Mean CADST score (%) 
ATT WM 10.66(67) 

9.66 (97) 
11.5 (72) 
9.79 (98) 

7.33 (46) 
9.16 (92) 

0.004467* 

0.012844* 
Mean PGIMS score (%) 
ATT WM  10.36 (65) 

9.03(90) 
11.08 (69) 
9.45 (95) 

7.5 (47) 
7.33 (73) 

0.0031* 

0.0155* 
Mean MoCA score (%) 
ATT WM 5.33 (89) 

3.13(63) 
5.58 (93) 
3.41 (68) 

4.33 (72) 
2 (40) 

0.0503 
0.0612 

Note: *Statistically significant 

Table 3 — Correlation analysis between performance measures of 
CADST, PGIMS, and MoCA 

Variables Pearson r P‒value 

CADST & PGIMS 
ATT 
WM 

0.80 
0.51 

< 0.001* 
0.004* 

CADST & MoCA 
ATT 
WM 

0.24 
0.64 

0.82 
< 0.001* 

PGIMS & MoCA 
ATT 
WM 

0.34 
0.64 

0.16 
0.003* 

Note: *Statistically significant 

Table 4 — Usability evaluation of the CADST 

Factor (N= 30), Scorea for each factor, mean (SD) 

Overall score 1.36 (0.25) 
System usage 1.24 (0.19) 
Information squality 1.53 (0.58) 
Interface quality 1.33 (0.29) 

Note: aScores ranged from 1 (strongly agree) to 7 (strongly disagree) 

Fig. 2 — Box plots of participants' scores in CADST, PGIMS,
and MoCA 
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cognitive assessment tools to suit their culture and 
language.28 However, there is a lack of information 
about digital tools developed in India to assess 
various cognitive functions. 

This study aimed to assess the feasibility of using 
CADST in the Indian population, which is the first 
automated cognitive assessment tool based on 
PGIMS; a gold‒standard tool to assess cognition. The 
results from this study reveal that adult group showed 
significantly higher mean score than old group for 
ATT and WM. Old population, presumably at higher 
risk to cognitive decline. It was also observed that the 
CADST tool correlated well with PGIMS and MoCA 
for ATT and WM assessment. There was a moderate 
to strong correlation between CADST and PGIMS 
total scores for ATT and WM subtests. There was a 
low to moderate level of correlation between total 
scores of CADST and MoCA total scores for ATT 
and WM subtests. The CADST’s usability evaluation 
by participants revealed high acceptability of tool 
with scores less than 2 (strongly agree) for overall 
usage, system usage, interface, and information 
quality. Based on these findings, it can be said that 
CADST is well suited for the Indian population and is 
feasible to assess ATT and WM parameters of 
cognitive function. 
 

Conclusions  
The introduced CADST is a smart digital tool for 

cognitive assessment which is evaluated against 
globally available PGIMS and MoCA tools and 
applied to a limited number of participants in order to 
understand its potential as a useful tool. A strong 
correlation was observed between the scores of 
CADST and PGIMS and moderate correlation 
between scores of CADST and MoCA. The outcome 
of this study demonstrates the adequate feasibility and 
usability between well‒established PGIMS and 
CADST. Utilizing digital version of PGIMS for WM 
and ATT in research settings has a potential in terms 
of improving efficiency and reliability of this tool. 
The CADST’s usability evaluation reveals high 
acceptability of CADST tool by participants. The 
majority of the participants feel CADST is an easy 
and comfortable tool for assessment. 

Despite promising results, there are some 
limitations in this study. The evaluation of the 
CADST is limited to sample size, English or 
Hindi‒speaking and well‒educated participants only. 
Two major parameters of cognitive function such as 
ATT and WM are evaluated in CADST tool. In 

future, other cognitive parameters can be included in 
this tool for overall screening of cognitive dysfunction 
among various neurological and psychiatric 
conditions. The use of this tool can be explored not 
only in the clinical population but can be used in 
screening for cognitive impairment or in tracking 
changes that occur in a healthy population. Overall, 
digital smart tool based cognitive testing has the 
potential to revolutionize cognitive assessment by 
making it more accessible, convenient, and 
ecologically valid for population‒ level screening and 
clinical practice. 
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