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Objective : The aim of this study was to verify the equivalence and effectiveness of the tablet-administered Korean Repeatable 
Battery for the Assessment of Neuropsychological Status (K-RBANS) for the prevention and early detection of dementia.
Methods : Data from 88 psychiatry and neurology patient samples were examined to evaluate the equivalence between tablet 
and paper administrations of the K-RBANS using a non-randomly equivalent group design. We calculated the prediction scores of 
the tablet-administered K-RBANS based on demographics and covariate-test scores for focal tests using norm samples and tested 
format effects. In addition, we compared the receiver operating characteristic curves to confirm the effectiveness of the K-RBANS 
for preventing and detecting dementia. 
Results : In the analysis of raw scores, line orientation showed a significant difference (t=-2.94, p<0.001), and subtests showed small 
to large effect sizes (0.04–0.86) between paper- and tablet-administered K-RBANS. To investigate the format effect, we compared 
the predicted scaled scores of the tablet sample to the scaled scores of the norm sample. Consequently, a small effect size (d≤0.20) 
was observed in most of the subtests, except word list and story recall, which showed a medium effect size (d=0.21), while picture 
naming and subtests of delayed memory showed significant differences in the one-sample t-test. In addition, the area under the 
curve of the total scale index (TSI) (0.827; 95% confidence interval, 0.738–0.916) was higher than that of the five indices, ranging 
from 0.688 to 0.820. The sensitivity and specificity of TSI were 80% and 76%, respectively.
Conclusion : The overall results of this study suggest that the tablet-administered K-RBANS showed significant equivalence to the 
norm sample, although some subtests showed format effects, and it may be used as a valid tool for the brief screening of patients 
with neuropsychological disorders in Korea. 

Key Words : Equivalence trial · Neuropsychological test · Research methodology · Korean Repeatable Battery for the Assessment of 
Neuropsychological Status (K-RBANS) · Dementia.



J Korean Neurosurg Soc 65 | March 2022

316 https://doi.org/10.3340/jkns.2021.0153

INTRODUCTION

Currently, the dementia population and management costs 

are expected to increase along with the increase in the elderly 

population worldwide. The National Statistical Office report-

ed that the elderly, aged 65 years or older, accounted for 15.7% 

of the South Korean population in 2020 and predicted that 

they would account for 20.3% in 2025 and 46.5% in 206723,24). 

Considering that the elderly population constitutes 9.1% of the 

world’s population, the increase in the elderly population in 

Korea is high25). Dementia is a typical mental illness that is 

closely related to the increase in the elderly population; its 

main symptom is cognitive impairment, including memory 

degradation and degradation of daily life functions because of 

changes in personality1). Given that the prevalence of dementia 

in the Asian population is 5.23%5), the estimated prevalence of 

dementia above 65 years of age, which reaches 10.53%, and the 

annual management cost per dementia patient, which is up to 

KRW 18.51 million, shows the risks for South Korean elder-

ly9,17). Aside from dementia, the number of patients is also ex-

pected to increase as the elderly population increases; conse-

quently, the need for research and development related to 

dementia has increased.

In Korea, various support systems, such as community de-

mentia reassurance centers, long-term care services, and med-

ical expenses, are implemented through the national responsi-

bility system for dementia and state affairs. Specifically, the 

government continues to develop policies that cover the costs 

of diagnosis and treatment of patients with dementia, such as 

the application of health insurance for dementia screening 

costs and introduction of a special calculation system for se-

vere dementia16). However, dementia, a degenerative disease, 

worsens with time, and its risk increases with age; therefore, 

the social cost must be limited by preventing or alleviating the 

occurrence and deterioration of dementia. Efficient solutions 

to dementia-related problems, such as early detection and 

quick intervention, are required. Moreover, considering the 

persistent COVID-19 situation, it is expected that the need for 

non-face-to-face psychological tests will increase rapidly. Non-

face-to-face neuropsychological testing is useful in that it can 

overcome the limitations of time and space required for con-

ducting psychological test. Based on smart devices or online 

platforms, the psychological characteristics of examinees can 

be captured using the paradigm of neuropsychological tests 

without direct contact between examiner and examinee. In 

particular, the fact that dementia patients, which are one of 

the main subjects of neuropsychological testing, are often dif-

ficult to hang out alone, suggests the need for non-face-to-face 

neuropsychological testing. In this respect, Korean Repeatable 

Battery for the Assessment of Neuropsychological Status (K-

RBANS) as a screening neuropsychological test is not only 

more sophisticated and systematic than tests such as Mini-

Mental State Examination (MMSE) and clinical dementia rat-

ing (CDR) scale, but also has the advantage of conducting test 

shorter and more efficient than diagnostic tests such as Seoul 

Neuropsychological Screening Battery (SNSB)-II.

In studies and markets related to dementia, it is expanding 

around diagnosis in South Korea. In particular, the demand 

for dementia testing tools that can help predict high-risk de-

mentia groups and prevent dementia is increasing. Screening 

tests for identifying dementia in Korea include the Korean 

version of Consortium to Establish a Registry for Alzheimer’s 

Disease (CERAD-K)18) and SNSB15). These screening tools, 

used in approximately 40 countries, are comprehensive and 

inclusive tools that take approximately 30 to 40 minutes for 

CERAD-K, and approximately 1 hour and 30 minutes to 2 

hours for SNSB. However, these screening tests require space 

and time for trained professionals, resulting in inconveniences 

and limitations in access and usefulness to prevent dementia. 

In addition, relatively brief and easy tests developed to identify 

dementia or mild cognitive impairment (MCI), such as 

MMSE10) and CDR19), are commonly used in clinical settings, 

but limitations in their accuracy and clinical usefulness have 

been highlighted11,26). To compensate for these problems, there 

is a need for a tool that can be used to identify and prevent de-

mentia with accuracy and clinical usefulness while reducing 

the restrictions on places and efforts needed for testing as 

much as possible. In this context, the K-RBANS is drawing at-

tention.

The RBANS, which consists of 12 subtests and takes ap-

proximately 20 to 30 minutes when conducted by an experi-

enced examiner, is an individual simple test that measures at-

tention, language, visual space composition ability, immediate 

memory, and delayed memory22). The K-RBANS21), standard-

ized for the Korean population, was conducted with the ex-

aminer using test papers, targeting individuals between 12 to 

60 years or older. Standard scores were collected from 606 

healthy adolescents and adults using stratified sampling. In 
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particular, the K-RBANS was developed for three purposes. 

First, as an independent core battery, the K-RBANS was devel-

oped to identify and evaluate senile dementia. Second, as a 

screening battery, the K-RBANS was considered to assess pa-

tients who are unable to or unsuitable for standardized assess-

ments, consuming relatively long time and effort. Finally, it 

was developed in a format that allows repeated evaluations 

when homomorphism is required to control the practice ef-

fect. Although the K-RBANS is designed to be conducted as 

easily as it is on the bed, there are still inconveniences in the 

administration and scoring processes. Therefore, this study 

minimizes inconvenience by materializing the K-RBANS 

based on tablet PCs and confirms the effectiveness of the tab-

let-administered K-RBANS using Clinical Data Interchange 

Standards Consortium3) that enables non-pharmacologic de-

mentia prevention and early detection by examining equiva-

lence with the existing K-RBANS.

MATERIALS AND METHODS

The study protocol was approved by the Institutional Re-

view Board of Yeungnam University Hospital (IRB No. 

YUMC 2019-06-054).

Participants
In this study, we recruited 88 participants from a university 

hospital. A neuropsychological evaluation was conducted for 

patients with dementia or patients with suspected dementia 

who voluntarily agreed to participate in the study, from Sep-

tember to October 2019. The inclusion criteria were a Korean 

Mini-Mental Status Examination (K-MMSE) score between 

10 to 26 and a CDR score between 0.5 to 2. The exclusion cri-

teria were those patients who 1) required frequent admission 

or hospitalization, 2) required medical re-access due to rapid 

deterioration of dementia symptoms, or 3) used internal med-

icine or had accompanying diseases that may cause cognitive 

decline.

Materials

The K-RBANS-update
The K-RBANS21) is an independent and concise examina-

tion of attention, language ability, visuospatial/constructional 

ability, and immediate and delayed memory. This test consists 

of 12 subtests and is designed to allow skilled examiners to 

conduct the test for approximately 20 to 30 minutes. Immedi-

ate memory consists of list learning and story memory, which 

measures the examinee’s ability to remember immediately af-

ter the stimulus is presented. Visuospatial/construction capa-

bilities are indicators consisting of figure copy and line orien-

tation, indicating the ability to copy visual simulations 

accurately and perceive the spatial relationships of pictures. 

Language ability consists of picture naming and semantic flu-

ency, ref lecting the examinee’s ability to verbally recall or 

name learned objects. Attention refers to the ability to remem-

ber and manipulate visually and linguistically presented in-

formation in a short period, which is measured by digit span 

and coding. Delayed memory evaluates the ability of proactive 

memory, including word list recall, recognition, story, and fig-

ure recall. Participants’ overall cognition ability could be re-

f lected by the total scale index (TSI), which integrates the 

above five index scores. In addition, the K-RBANS was de-

signed to target individuals between 12 to 60 years or older, 

and the norm score was collected and standardized from 606 

healthy adolescents and adults using stratified sampling. 

Moreover, the K-RBANS, developed as a tablet version, was 

created by Clupea® (Clupea, Daegu, Korea) as an application 

in accordance with the instructions and procedures of the test 

paper and manual. Visual stimuli were presented in the tablet 

according to what was presented in the test paper and stimu-

lus booklet, and instructions and auditory stimuli were pre-

sented in a recorded voice. In this process, mental health pro-

fessionals and two clinical psychologists ensured that the K-

RBANS stimuli and instructions were properly presented. In 

this study, we implemented the tablet version K-RBANS on a 

10.5 inch screen using Samsung Galaxy Tab S5 (Samsung, 

Seoul, Korea).

The K-MMSE
The K-MMSE is an assessment tool developed by Folstein et 

al.10) for overall cognitive capabilities and cognitive adverse 

functions. In Korea, Kang et al.14) proposed the K-MMSE, 

which is widely used in clinical evaluations and research on 

patients with dementia. The K-MMSE is composed of 30 

points : time orientation (5 points), spatial orientation (5 

points), memory registration (3 points), attention and calcula-

tion ability (5 points), memory recall (3 points), language abil-
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ity (8 points), and drawing ability (1 point). Although the 

MMSE cut-off scores differ depending on the purpose of the 

study, it is known that scores between 24 and 28 are mainly 

used to differentiate between patients with MCI and demen-

tia13,14,20). In this study, in terms of practicality in the actual 

clinical setting, the MMSE score of 26 and the CDR score of 

0.5 were selected according to the domestic medical care ben-

efit application standards.

CDR scale
The CDR scale19) is a semi-structured interview with pa-

tients and caregivers. This scale evaluates six cognitive func-

tional areas : memory, orientation, judgment and problem-

solving, social activities, household activities and hobbies, and 

hygiene management, scoring 0 for undamaged; 0.5, suspect-

ed to damage; and 1 to 5, mild, moderate, severe, and very se-

vere cognitive impairment, respectively. The scores evaluated 

in all six areas are calculated to “sum of boxes,” ranging from 

0 to 30 points. Moreover, the overall CDR score is determined 

using memory as a key factor, whether high or low, among the 

five cognitive domains, or following the prescribed algorithm.

Procedure
Patients who voluntarily agreed to participate received a 

consent form to participate in the study, conducted a simple 

physical examination, and collected the test results within a 

year from the date of participation. Participants who did not 

undergo the K-MMSE or CDR were tested on the day they 

visited and were registered to participate in the study and as-

signed to the odd or even groups. Each group was adminis-

tered with the K-RBANS according to a set order of subtests 

that alternated between paper and tablet formats. The order of 

administration of the K-RBANS between the groups is pre-

sented in Table 1. This procedure enables the estimation of 

scaled scores for the tablet-administered K-RBANS using 

norm samples and compares the format effect between paper- 

and tablet-administered K-RBANS. If a substitution is needed 

because of a dropout, the number assigned to drop-out par-

ticipants is given in the order of screening numbers. The test 

was conducted in a room where noise was blocked, with no 

distractions, and the K-RBANS was performed in an order by 

preparing devices for the tester and participants. Compensa-

tion for participating in this study was provided to those who 

completed the test.

Design
To test equivalence, we used a non-randomly equivalent 

group design8). A non-randomly equivalent group design can 

be used if two or more subtests exist to measure one ability 

construct, and if the norm sample is constructed through ap-

propriate standardization procedures. The performance of the 

norm sample obtained through the standardization process is 

used to estimate and compare performance using the tablet 

version and finally compare the media effect (difference be-

tween the existing version and tablet version). Participants in 

this study were divided into the odd and even groups accord-

ing to the test subject number (RXXX), and each group was 

examined in the order shown in Table 1. In this design, the K-

RBANS norm samples as data that are conducted in a paper-

type format were utilized to derive a formula for predicting 

conversion scores to determine the media effect of the K-

RBANS tablet version. In this study, we compared the differ-

ences in the raw scores of the K-RBANS administered on pa-

per and tablets and conducted a regression analysis based on 

age, number of years of education, gender, and covariate sub-

tests to confirm the media effects of the K-RBANS. Therefore, 

half of the subtests served as paper-administered covariate 

tests because the norm and study samples were both adminis-

tered in paper format, while the other half of the subtests were 

administered in tablet format to evaluate the format effect. 

This approach was adopted to maximize the multiple correla-

tions of each subtest in both the halves, which maximizes sta-

Table 1. Administration Procedure by resigned groups

Odd number group Even number group

List learning Paper Tablet

Story memory Tablet Paper

Figure copy Paper Tablet

Line orientation Tablet Paper

Picture naming Paper Tablet

Semantic fluency Tablet Paper

Digit span Paper Tablet

Coding Tablet Paper

List recall Paper Tablet

List recognition Tablet Paper

Story recall Paper Tablet

Figure recall Tablet Paper



 Equivalence and Effectiveness of K-RBANS | Jeong HS, et al.

319J Korean Neurosurg Soc 65 (2) : 315-324

tistical power8). In addition, average residuals derived from the 

difference between observed and predicted scaled scores on 

tablet-administered subtests imply that the scores from the 

tablet PC format were higher than predicted in positive value, 

and vice versa. The effect size was calculated by dividing the 

average residuals by 3, which is the standard deviation of the 

scaled scores in the norm sample.

Statistical analysis
Prior to the analysis, we excluded cases in which the test re-

sults were deemed contaminated because of failure to com-

plete the test or indirect participation in the test. We com-

pared demographic information between the odd and even 

groups and raw scores of the K-RBANS according to format 

using an independent t-test (Fisher’s exact test for gender dis-

tribution by groups). Next, we used multiple regression analy-

sis to estimate scaled scores of the tablet-administered K-

RBANS based on the effects of sex, age, and education and 

analyzed format effects using a one-sample t-test of average 

residuals between observed and predicted scaled scores. In ad-

dition, the effect size was calculated to determine the extent of 

the difference between administration types to confirm for-

mat effects rather than judging on dichotomous significance. 

We also verified the capacity of the tablet-administered K-

RBANS to screen for cognitive impairment using a receiver 

operating curve (ROC) analysis. The assessment of statistical 

significance in all analyses was set at p<0.05. The data were 

analyzed using IBM SPSS Statistics for Windows, version 25.0 

(IBM Corp., Armonk, NY, USA)12). 

RESULTS

Demographic information
Of the 88 participants, the average age in the odd and even 

groups was 67.75±8.75 and 68.43±7.93, respectively. The odd 

group consisted of 12 men (27.27%) and 32 women (72.73%), 

and the even group consisted of nine men (20.45%) and 35 

women (79.55%). The average education years in the odd and 

even groups were 9.55±4.82 and 8.32±4.36, respectively. In the 

Table 2. Demographic and clinical characteristics of 88 participants

Type of groups
Total participants 

(n=88)
p-value*Odd number group  

(n=44)
Even number group 

(n=44)

Age (years) 67.75±8.75 68.43±7.93 68.09±8.31 0.703

45–49 2 (4.55) 1 (2.27) 3 (3.41)

50–59 6 (13.64) 4 (9.09) 10 (11.36)

60–69 18 (40.91) 21 (47.73) 39 (44.32)

70–79 14 (31.82) 13 (29.55) 27 (30.68)

≥80 4 (9.09) 5 (11.36) 9 (10.23)

Gender 0.952

Male 12 (27.27) 9 (20.45) 21 (23.86)

Female 32 (72.73) 35 (79.55) 6 7(76.14)

Education 9.55±4.82 8.32±4.36 8.93±4.61 0.214

>1 2 (4.55) 3 (6.82) 5 (5.68)

1–6 14 (31.82) 15 (34.09) 29 (32.95)

7–9 9 (20.45) 12 (27.27) 21 (23.86)

10–12 10 (22.73) 9 (20.45) 19 (21.59)

≥13 9 (22.73) 5 (11.36) 14 (15.91)

K-MMSE 24.25 (2.67) 24.45 (2.35) 24.35 (2.50) 0.704

CDR 0.69 (0.38) 0.63 (0.22) 0.66 (0.31) 0.303

Values are presented as mean±standard deviation or number (%). *p-values are derived from independent t test or Fisher’s exact test for comparison 
between groups. K-MMSE : Korean Mini Mental Status Examination, CDR : clinical dementia rating
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screening phase, the odd group had an average K-MMSE score 

of 24.25±2.67 points and a CDR score of 0.69±0.38, while the 

even group had a K-MMSE score of 24.45±2.35 and a CDR 

score of 0.63±0.22. The demographic information of the study 

participants in terms of age, gender, education, and cognitive 

ability did not show significant differences between the odd 

and even groups. The results are presented in Table 2.

Comparison of raw scores between original and 
tablet versions of the K-RBANS

In Table 3, a comparison of the original K-RBANS conduct-

ed in paper and tablet formats showed significant differences 

in the type of performance in line orientation (t=-2.94, 

p<0.001). In addition, the effect size between the type of K-

RBANS performance was high in line orientation (d=0.86). 

However, it showed moderate effect sizes in picture naming 

(d=0.34), semantic fluency (d=0.42), symbol coding (d=0.34), 

and word list recall (d=0.35) while other subtests showed low 

effect sizes.

Estimating the scaled scores of the tablet version 
of the K-RBANS using norm samples

In this study, we utilized data from a normative group to 

estimate the scaled scores of the tablet version of the K-

RBANS. In Table 4, different formulas were estimated using 

regression analysis based on the following age groups : 40 to 

49 years, 50 to 59 years, and 60 years or older. Table 5 shows 

how well the predictive formulas derived from the norm sam-

ple fit the tablet version of the K-RBANS. The correlation co-

efficients of the norm sample represent the results calculated 

for each subtest using the prediction formula. All subtests 

showed correlation coefficients ranging from 0.99 to 1.00. In 

the tablet version of the K-RBANS, the correlation coefficient 

ranged from 0.85 to 1.00, indicating that the formula calculat-

ed from the normative group was also useful in the tablet ver-

sion.

Media effects of the tablet version of the K-RBANS 
using estimated scaled scores

Table 6 shows the analysis of the media effects using ob-

served and predicted scaled scores with tablets, not using 

scaled scores of the paper-type subtest. The analysis of the dif-

ference between the observed and predicted scaled scores (for-

mat effects) with a one-sample t-test showed significant differ-

ences in the case of zero residual in all subtests of picture 

naming and in all delayed memory subtests. The predicted 

scaled score of picture naming showed positive average residu-

als, while all subtests of delayed memory showed negative av-

erage residuals. In addition, the effect size of word list and sto-

ry recall showed a moderate level in delayed memory, and 

other subtests showed a low effect size that did not exceed 0.2.

Table 3. Comparison between paper and tablet version raw scores of K-RBANS of 88 participants

Paper (n=44) Tablet (n=44) t Cohen’s d

List learning 17.80±5.11 17.07±6.83 1.01 0.12

Story memory 10.30±4.00 10.55±4.29 0.47 0.06

Figure copy 17.59±3.36 17.32±3.66 0.56 0.08

Line orientation 12.98±4.31 9.05±4.78 -2.94* 0.86

Picture naming 7.05±1.94 6.39±1.93 1.87 0.34

Semantic fluency 12.84±4.35 11.05±4.25 -1.73 0.42

Digit span 7.30±2.84 7.18±2.97 0.13 0.04

Coding 24.30±11.28 20.43±11.40 -0.94 0.34

List recall 1.75±1.88 2.48±2.29 1.42 0.35

List recognition 15.64±3.50 15.75±2.62 0.83 0.04

Story recall 4.27±2.92 4.20±3.17 -0.62 0.02

Figure recall 10.75±5.59 9.66±5.70 0.00 0.19

Values are presented as mean±standard deviation or number. *p<0.001. K-RBANS : Korean Repeatable Battery for Assessment of Neuropsychological 
Status
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ROC analysis results
To verify the capacity of the tablet version of the K-RBANS 

to detect performance impairment in patients with dementia 

and MCI, we performed ROC analysis using estimated scaled 

scores in paper- and tablet-administered K-RBANS. The area 

under curve (AUC) of the TSI was the highest at 0.827, with a 

cut-off point of 67.5. In the other five indices, the AUC was 

shown to be statistically significant, ranging from 688 to 820. 

In addition, the sensitivity of the TSI was 80%, and the speci-

ficity was 76%. The results are listed in Table 7.

DISCUSSION

Recently, there has been a movement to establish a psycho-

logical examination paradigm using smart devices and PCs. 

Q-interactive is an iPad-based examination system that allows 

clinical evaluations, such as the Wechsler Intelligence Scale for 

Children-fifth edition, Wechsler Individual Achievement 

Test-third edition, and Clinical Evaluation of Language Fun-

damentals-fifth edition, to be conducted, scored, and report-

ed27). In Korea, CERAD-K manufactures and distributes ap-

plications that can be used in smart devices. However, despite 

having technology that can implement the neuropsychological 

examination paradigm in smart devices in Korea, there is not 

enough verification of its effectiveness. For example, in the 

case of CERAD-K, the equivalence and effectiveness of appli-

cations for smart devices have not been verified, which limits 

the interpretation of the test results. In this study, we aimed to 

confirm whether the K-RBANS performance differs in paper 

and tablet administrations and determine whether the tablet-

Table 4. Unstandardized regression weights and constants for the 
K-RBANS index scores by scaled scores of 218 norm data

40–49 years 
old (n=75)

50–59 years 
old (n=68)

≥60 years  
old (n=75)

Immediate memory

R 0.997 1.000 1.000

Constant 32.169 40.303 42.979

List learning 3.360 2.962 2.852

Story memory 3.370 2.965 2.849

Visospatial capacity

R 1.000 1.000 1.000

Constant 25.127 37.506 40.015

Figure copy 3.716 3.131 2.999

Line orientation 3.734 3.151 2.999

Language

R 1.000 1.000 1.000

Constant 37.269 36.491 41.096

Picture naming 3.174 3.193 2.941

Semantic fluency 3.152 3.183 2.963

Attention

R 1.000 1.000 1.000

Constant 38.097 38.127 43.242

Digit span 3.124 3.092 2.845

Coding 3.100 3.085 2.859

Delayed memory

R 1.000 1.000 1.000

Constant 23.384 28.289 33.986

List recall 1.043 1.157 0.765

List recognition 3.276 3.007 2.902

Story recall 1.246 1.156 1.099

Figure recall 2.071 1.846 1.810

Statistical significances of all fitness-of-model and all subtest are 
p<0.001. K-RBANS : Korean Repeatable Battery for Assessment of 
Neuropsychological Status

Table 5. Applicability of prediction equations derived from scaled 
scores of norm data to the K-RBANS

Subtest

Correlation of predicted scaled score  
with actual score

Equivalence sample 
(n=44)

Norm sample  
(n=218)

List learning 1.00 1.00

Story memory 1.00 1.00

Figure copy 0.99 1.00

Line orientation 1.00 1.00

Picture naming 0.99 1.00

Semantic fluency 1.00 1.00

Digit span 0.99 1.00

Coding 1.00 1.00

List recall 0.85 0.99

List recognition 0.99 1.00

Story recall 0.84 1.00

Figure recall 0.98 1.00

Tablet version samples. Statistical significances of all subtest are 
p<0.001. K-RBANS : Korean Repeatable Battery for Assessment of 
Neuropsychological Status
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administered K-RBANS can detect and identify patients with 

dementia and MCI.

We compared paper- and tablet-administered K-RBANS 

performances using raw scores. In the results of the one-sam-

ple t-test, line orientation showed a significantly low score in 

the tablet-administered K-RBANS. Moreover, line orientation 

showed a large effect size; picture naming, semantic f luency, 

coding, and word list recall showed medium effect sizes; and 

other subtests showed low effect sizes. Given that raw scores of 

the tablet-administered K-RBANS have limitations using the 

norm sample of paper-administered K-RBANS because it 

would be easily affected by age, education, and gender, raw 

scores would be more sensitive to the format effect. However, 

it needs to be refined carefully so that the equivalence of raw 

scores can reduce potential threats to the adaptation of psy-

chological tests6).

Next, we estimated scaled scores of the tablet-administered 

K-RBANS to verify format effects using demographic vari-

ables and covariate subtests with the norm sample. In this 

process, we produced prediction equations derived from 

scaled scores of norm data and estimated scaled scores in the 

tablet-administered K-RBANS to confirm the format effect. 

Consequently, in a one-sample t-test, picture naming, word 

list recall, list recognition, story, and figure recall showed sig-

nificant differences but low effect sizes, and word list and sto-

ry recall showed low effect sizes. This result means that some 

subtests differ when the performance of the tablet-adminis-

tered K-RBANS is converted into a scaled score of the norm 

Table 6. K-RBANS format e�ects of 44 participants using scaled scores

Subtest Residual t Effect size

List learning 0.017±0.102 1.107 0.006

Story memory 0.006±0.102 0.375 0.002

Figure copy 0.064±0.439 0.973 0.021

Line orientation -0.007±0.053 -0.874 -0.002

Picture naming 0.038±0.103 2.447* 0.013

Semantic fluency 0.018±0.095 1.254 0.006

Digit span 0.040±0.350 0.761 0.013

Coding -0.014±0.100 -0.951 -0.005

List recall -0.841±2.194 -2.544* -0.280

List recognition -0.220±0.546 -2.670* -0.073

Story recall -0.657±1.814 -2.405* -0.219

Figure recall -0.352±0.873 -2.675* -0.117

Values are presented as mean±standard deviation or number (%). *p<0.05. K-RBANS : Korean Repeatable Battery for Assessment of Neuropsychological 
Status, Residual : differences between observed and predicted scores, t : t value derived from one-sample t test, Effect size : mean residuals / 3 (standard 
deviation of scaled scores of K-RBANS)

Table 7. Screening ability on the cut-o� scaled score of K-RBANS using K-MMSE=26 and CDR=0.5 among 88 participants

Cutoff score AUC (95% CI) Sensitivity (%) Specificity (%) p-value

Immediate memory ≤78.0 0.706 (0.575–0.836) 66.18 65.00 0.005

Visuospatial capacity ≤89.5 0.765 (0.657–0.874) 66.18 80.00 <0.001

Language ≤77.0 0.800 (0.709–0.891) 69.12 85.00 <0.001

Attention ≤76.5 0.688 (0.557–0.819) 60.00 72.06 0.011

Delayed memory ≤72.5 0.820 (0.721–0.919) 75.00 72.06 <0.001

Total scale ≤67.5 0.827 (0.738–0.916) 80.00 76.47 <0.001

K-RBANS : Korean Repeatable Battery for Assessment of Neuropsychological Status, K-MMSE : Korean Mini-Mental State Examination, CDR : clinical 
dementia rating, CI : confidence interval, AUC : area under the curve
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sample. Specifically, with respect to the predicted scaled scores 

with high correlations to the norm sample, observed scores 

that are smaller than predicted scores in the tablet-adminis-

tered K-RBANS suggest that participants’ performance in 

word list and story recall partially meet the expected level. 

However, given that some psychological tests that were ad-

ministered digitally showed format effects at this level2,4,7,8), the 

results that showed low format effects of the tablet-adminis-

tered K-RBANS appeared to be acceptable. In particular, the 

average residuals of delayed memory showed a negative value, 

indicating that the predicted scaled scores were higher than 

the observed scaled scores. This result suggests that the scaled 

score is a proper measurement for the soothing effects of de-

mographic variables such as age and that future studies need 

to elaborate this further, because actual performance was low-

er than predicted in delayed memory. In addition, in the signal 

detection analysis for the tablet-administered K-RBANS, all 

indices, including the TSI, were found to be significant, and 

the sensitivity and specificity of the TSI were the most suitable 

for detecting cognitive impairment.

However, this study has several limitations. First, there was 

no control for matching gender, age, and education between 

the groups. Although we used scaled scores of the tablet-ad-

ministered K-RBANS based on age and education, it is known 

that neuropsychological assessment could be affected by de-

mographic variables. We had a limitations in comparing per-

formance between paper- and tablet-administered K-RBANS 

based on age, gender, and education directly because of the 

number of participants and their distribution. Second, we did 

not measure all the performance on the tablet-administered 

K-RBANS; therefore, it was not possible to compare test re-

sults between paper and tablet administrations directly within 

participants’ capacity. If possible, future research should con-

firm the test-retest reliability.

Nonetheless, the study results suggest that the K-RBANS 

has adherent reliability and validity for neuropsychological as-

sessment tools in paper administration and can also be used 

in tablet administration for screening cognitive decline or im-

pairment because of dementia. This could make users rela-

tively free of limitations related to testing time and place, by 

administering neuropsychological tests in electronic devices 

such as tablet PCs. The conversion of K-RBANS to a smart de-

vice can contribute to early detection of subjects with mild 

neurocognitive impairment or dementia. It is thought to be 

useful in cases where it is difficult to move alone to receive a 

neuropsychological test due to reduced function or inconve-

nience in movement. Furthermore, the conversion of neuro-

psychological testing to smart devices can be a stepping stone 

to overcome the temporal and spatial limitations of traditional 

neuropsychological testing when linked with an online plat-

form.

CONCLUSION

In this study, we confirmed equivalence of tablet-adminis-

trated K-RBANS using non-randomly equivalence group de-

sign. First, we found that raw scores had some limits for scaled 

scores using norm samples that was collected by standardiza-

tion of paper-administrated K-RBANS. Second, in order to 

estimate the equivalence of tablet-administrated K-RBANS 

performance correcting effects of demographic characteris-

tics, the formula were yielded from the norm sample. Using 

this formula, we compared observed and predicted scores, 

and verified equivalence of K-RBANS enough to use norm 

sample. Finally, tablet-administrated K-RBANS, as a screen-

ing tool, showed good sensitivity and specificity.
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