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Effective methods to detect old people cognitive decline in early stages
are needed in Korea, which is the fastest aging country in the world.
This study aimed to develop a brief cognitive function measurement, Vi-
sual-Motor Integration Scale for the Korean elderly (VMIS-KE). In this
methodological research, 16 preliminary items on visual-motor integra-
tion for the old people were chosen after literature review and expert
validation. One hundred eighty participants aged 20-79 years were re-
cruited to verify the validity and reliability of this measurement from
community sources in Daegu city. The collected data were analyzed by
exploratory factor analysis and confirmative factor analysis using SPSS
and AMOS 18.0 program. The three factors (figure cognition, memory,

INTRODUCTION

In Korea, the old people aged 65 or older exceeded 15.7% of the
total population in 2020, and it is predicted to continue to increase
in the future and reach 20.3% in 2025, making Korea a super-aged
society (Statistics Korea, 2021). Age is a major risk factor for cog-
nitive decline and dementia, all of which have high associated costs
of diagnosis, treatment, and care. Therefore, the aging of the popu-
lation raises serious concerns about the fiscal integrity of health care
systems (Ferndndez Martinez et al., 2008; Shlisky et al., 2017). The
likelihood of progression from mild cognitive impairment to any
form of dementia has been suggested to occur at a rate 3 to 5 times
higher than those with normal cognition (Campbell et al., 2013).
In order to prevent dementia, there is a need for a practical plan
for early screening and management of high-risk groups for demen-
tia by predicting cognitive decline along with chronic disease.

and spatial cognition) with 12 items were finally extracted. Goodness of
the fit was confirmed through confirmatory factor analysis. The Cron-
bach o was 0.867. The scores of overall VMIS-KE and every subcatego-
ry significantly decreased with age, especially in the 70s. VMIS-KE is
the first valid and reliable measurement to assess cognitive decline of
the Korean old people through visual motor integration, and can easily
and quickly detect high-risk groups of dementia regardless of their edu-
cational level.

Keywords: Visual-Motor Integration, Korean, Old people, Visual per-
ception, Cognition

Association between visual impairment and poor cognitive
functioning has been reported by several studies (Clemons et al.,
2006; Harrabi et al., 2015; Spierer et al., 2016). Visual function is
divided into visual perception and visual-motor integration (VMI),
and many cognitive screening tests, such as the Blessed Informa-
tion-Memory-Concentration Test (Blessed et al., 1968), Short Por-
table Mental Status Questionnaire (Pfeiffer, 1975), Dementia Rat-
ing Scale (Knox et al., 2003), and Mini-Mental State Examination
(MMSE) (Folstein et al., 1975), were developed with an emphasis
on it. Among them, MMSE has been most frequently used to screen
the old people dementia in the world (Lancu and Olmer, 2006).
However, MMSE has been reported to “false-negative” in people
with mild cognitive decline (Nelson et al., 1986) and MMSE has
some limits of detection of early dementia with mild cognitive
impairment (Folstein et al., 1975).

First of all, as it is focused on the language domain, it is insuffi-
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cient to evaluate visual cognitive function. In addition to that, it
has to be considered age and gender in the interpretations of the
test results (Tombaugh and Mclntyre, 1992). Therefore, it is nec-
essary to modify or supplement MMSE or to develop a new cogni-
tive function measurement suitable for the old people to more ac-
curately judge the old people dementia.

Visual-motor function is an important cross-modal ability that
involves the integration of visual function and perception, eye-hand
coordination, fine motor skills, and visual-motor integration (Bolk
et al., 2018). As a result of previous studies, VMI has been suggest-
ed as an effective instrument for measuring intellectual ability,
language ability, various brain abnormalities (Belmont and Bel-
mont, 1980). In addition to that, it has been suggested for cogni-
tive function of the old people (Hall et al., 1996) and the old peo-
ple diabetic patients (Yun et al., 2013). However, few studies have
been applied VMI to detect cognitive function of the old people
so far (Yun et al., 2013). This is because there is currently no prov-
en VMI evaluation tool available in the field although it is effec-
tive in predicting changes in cognitive function of the old people.

Therefore, this study attempted to develop a VMI scale that
measures changes in cognitive function of the old people. In par-
ticular, by developing a simple cognitive function measurement
tool that is suitable for the Korean old people and can be applied
immediately in the clinical field, it is intended to help prevent
and manage dementia through early detection of the old people at
high risk of dementia.

MATERIALS AND METHODS

Design
This is a methodological study to develop a scale to measure
VMI for Korean old people and verify its reliability and validity.

Development of VMI Scale for the Korean elderly (VMIS-KE)

Visual perception, motor coordination, and executive function
were probably associated with the VMI development (Fang et al.,
2017). Firstly, visual perception was identified as the ability to re-
ceive, recognize, analyze, and elaborate the visual stimulus from
objects and events. Secondly, motor coordination was related to
the rebuilding of the representation in mind during the visual
motor integration process. Fine motor coordination was proposed
to interact with the VMI development. Thirdly, executive func-
tion contained three subcomponents that were inhibitory control,
working memory, and cognitive flexibility.

Therefore, in this study, visual motor integration was defined as
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an ability to accurately recognize and complete shape of figure in
drawing based on eye-hand coordination, to recognize and express
exact location of space, and to exactly memorize figure and space.

Based on the literature review, the initial items of VMI were
composed with coordination and speed of eye-hand, consistency
and accuracy of space and figure, and memory. Every item was de-
veloped based on drawing ability to be measured in an integrated
form of visual perception and motor function, and was simple and
easy enough for the old people to follow. Considering that the tar-
get population was the old people, the number of items was orga-
nized less than 30 questions and less than 10 min not too long.

The content validity of the initial items had evaluated by four
experts including one doctor of the medicine, two doctors of the
nursing, and one doctor of the statistics. They were revised and
supplemented with reference to opinions of the experts on appro-
priateness of the subconcepts for measuring visual motor integra-
tion and applicability to the subjects.

The preliminary items were composed of two categories and six
subgroups according to spatial and figure consistency perception.
The category related to spatial perception was divided into two
subgroups: eye-hand coordination (3 items) and position (3 items),
and the category related to figure consistency perception was di-
vided into four subgroups: accuracy (3 items), speed (1 item), mem-
ory (3 items), and closure (3 items). The preliminary VMIS-KE
was composed of a total of 16 items. It took about 10 min for the
subjects to complete the questionnaires of VMIS-KE, and it was
confirmed whether there were too difficult or ambiguous items in
the preliminary study. As selecting and developing the items, the
content and composition validity were refined through literature
reviews and expert consultation, the reliability was evaluated
through the statistical analysis, and the content and number of
items in the developed questionnaire were finally decided.

In VMIS-KE, VMI was classified into three categories through
the statistical test, factor analysis, and they were named as figure
cognition, memory, and spatial cognition. Twelve items were re-
classified into these 3 subcategories according to the concept and
definition. Figure cognition means the ability to accurately recog-
nize the shape of a given figure through visual perception and
draw along or complete it, and was composed of a total of 5 items.
Memory means the ability to recall and draw the figure remem-
bered through visual perception or to respond appropriately while
remembering the condition, and was composed of a total of 4 items.
Spatial cognition means the ability to draw lines or figures in a
designated space by eye-hand coordination through visual recog-
nition, and was composed of a total of 3 items.

https://doi.org/10.12965/jer.2142338.169
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Subjects and data collection

The subjects of this study were adults 20 years old or older, who
understand the purpose of this study and agree to participate, who
can communicate and do not have a neurological psychiatric his-
tory, who are not currently receiving treatment under the diagno-
sis of a doctor related to cognitive impairment and who do not have
visual impairment. Data were collected from community sources
such as public health care centers, senior centers, and universities
located in Daegu city from July 1 to July 26, 2013 after the per-
mission of the institutions. Data collection was conducted by trained
research assistants with a one-by-one interview method using the
VMIS-KE. Research assistants received prior training on basic un-
derstanding of the VMIS-KE and detailed instructions about how
to use it, and the training was repeated until the degree of agree-
ment between them reached Kappa index of 0.90 or higher. To
verify validity of a scale, more than 5 times the number of items
for exploratory factor analysis are required. In this study, in order
to investigate the age-specific differences of VMIS-KE, data were
collected from 30 subjects for each age group from 20s to 70s based
on 10 years, and finally, 180 subjects were analyzed.

Verification of validity and reliability

The validity and reliability of VMIS-KE were testified as the
following procedures. The collected data were analyzed using IBM
SPSS ver. 18.0 IBM Co., Armonk, NY, USA). First, descriptive
statistics, including frequency, percentage, mean and standard de-
viation, were conducted to understand general characteristics of
the subjects. The validity was verified by exploratory factor analy-
sis, convergence validity, discriminant validity, and confirmatory
factor analysis. Principal component analysis was used for explor-
atory factor analysis using Eigen value of 1.0 or higher and Vari-

Table 1. Characteristics of the participants by age groups (N="180)

max rotation method, and Kaiser-Mayer-Olkin (KMO) scale and
Bartlett’s sphericity test were conducted to determine the suitabil-
ity of factor analysis. In confirmatory factor analysis, fit indices
were evaluated by ¥ statistics and P-value, root mean squared re-
sidual (RMR), root mean squared error of approximation (RMSEA),
Turker Lewis index (TLI), and comparative fit index (CFI). The
reliability was verified by Cronbach alpha, which is an internal
consistency reliability coefficient. One-way variance analysis was
implemented to confirm the difference by age group and the Schef-
fe posttest was done additionally if there was statistical significance.

Ethical considerations

The purpose and procedure, and the risks and benefits of this
study were explained to the subjects. It was noticed that collected
data were used only for the purpose of the study and withdrawn of
participation can be done at any time. Every subject participated
voluntarily with informed consent.

RESULTS

Demographic characteristics of the participants

The subjects of this study were 30 for each age group from 20s
to 70s and the proportion of women in all age groups was more
than half (50%-93.3%). Body mass index by each age group was
in the normal range of 21.72 to 23.40 kg/m® and there was no
significant difference according to age (#=2.05, P =0.074). In terms
of memory measured by MMSE, the 20s had the highest score
with 14.43 points, and the 70s had the lowest score with 10.13
points, and there were significant differences according to age
group (#=17.06, P <0.001) (Table 1).

- Age group
Classification tory? Pvalue
20's 30 40's 50's 60's 70's

Number (%) 30(16.7) 30(16.7) 30(16.7) 30(16.7) 30(16.7) 30(16.7)
Age (yr) 24.17+297 3343+2.79 44.90+2.82 54.00+3.38 66.83+1.56 75.20+3.89 1,287.36 <0.001
Gender 17.38" (0.003)

Male 15(50.0) 12(40.0) 2(6.7) 6(20.0) 8(26.7) 8(26.7)

Female 15(50.0) 18(60.0) 28(93.3) 24(80.0) 22(733) 22(733)
Height (cm) 168.76+7.48 167.47+6.75 162.85+5.86 161.53+7.22 157.60+8.05 157.15+8.61 12.64 <0.001
Weight (kg) 64.38+11.16  66.90+13.56 57771064  60.23+9.46 58.75+6.73 57.85+8.75 4.04 0.002
Body mass index (kg/m?) 22.46+2.60 2377+4.12 21.72+3.08 23.03+2.85 2366+2.21 2340+2.76 2.05 0.074
Memory* 14.43+0.86 1357+159 14.10+1.12 1250+2.78 11.43+269 10.13+3.16 17.06 <0.001

Values are presented as number (%) or mean + standard deviation.
"Fisher exact test. "Memory measured by Mini-Mental State Examination.
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Item analysis

As a result of measuring mean and standard deviation, skewness
and kurtosis, and correlation coefficient between individual and
all questions to evaluate the validity of each question, the mean
score of each question was 1.79 to 2.90, the skewness was -4.976

Table 2. Results of item analysis (N=180)

[tem Mean+SD Skewness Kurtosis  Item-total correlation (r)
1 2.69+0.702 -2.532 6.005 0612
2 2.34+0.947 -1.378 0.842 0611
3 1.79+1.092 0416 -1.133 0.683
4 2.90+0437 -4.976 26.148 0519
5 266+0.735 -2.261 4478 0437
6 2.32+1.087 -1.279 0.044 0.715
7 2.03+0.642 -0.286 0.324 0.608
8 1.82+0.758 -0.301 -0.135 0.751
9 1.97+0.794 -0.560 0.073 0.654

10 263+0.724 -1.905 2.659 0.627

" 2.86+0.383 2625 6.507 0.294

12 2.37+0.985 -1.500 1.037 0.551

13 1.94+1.206 0732 -1.064 0.648

14 1.84+0.659 -0.180 0.049 0514

15 1.80+0.688 0.075 0507 0.531

16 2.24+1.146 -1.189 0.231 0.756

SD, standard deviation.

to 0.075, and the kurtosis was 1.133 to 26.148, and the correla-
tion coefficient was 0.294 to 0.756. In the case of 1, 4, 5, 11 of
the total items, the absolute value of skewness and kurtosis ex-
ceeded 2, and thus the distribution was not normally distributed.
In addition to that, the correlation coefficient of Item 11 was so
less than 0.30 that it was not suitable for factor analysis. There-
fore, item 1, 4, 5, and 11 that were considered inappropriate were

deleted (Table 2).

Exploratory factor analysis

Exploratory factor analysis was conducted for a total of 12 items
whose relevance were confirmed as a result of the item analysis. The
KMO scale was 0.886, and the result of Bartlett’s sphericity test
was y’=851.38, P <0.001, which satisfied the requirements for
exploratory factor analysis. As a result of conducting exploratory
factor analysis based on eigen value 1 or more using principal com-
ponents analysis and Varimax rotation method, three factors were
extracted from 12 items. The three factors accounted for 63.9% of
the total variations, and every item met the criteria of more than
0.30 commonality and more than 0.40 factor loading (Table 3).

The three factors extracted from exploratory factor analysis were
respectively named from figure cognition, memory, and spatial
cognition. Factor 1 was figure cognition including 5 items corre-
sponding to accurately recognize and follow the shape (item 7, 8,

Table 3. Factor analysis and reliability on Visual-Motor Integration scale for Korean elderly (N=180)

Factor [tem Mean+SD — Fac;zgtlz;a;img — Communality 22;:?;?;}:&;0 (;gl;eerg Cronbach a
Factor 1 7 2.03+062 0.796 0.236 0.064 0.693 0.560 0.858 0.834
14 1.84+0.66 0.789 0.101 0.022 0.633 0.452 0.863
8 1.82+0.76 0713 0.352 0.291 0717 0713 0.849
15 1.80+0.69 0.700 0.014 0.292 0.576 0.486 0.861
9 1.97+0.79 0.607 0.295 0.291 0.540 0.603 0.854
Factor 2 13 194+£1.21 -0.016 0.804 0.246 0.707 0.522 0.861 0.726
10 263+0.72 0.240 0.743 0.017 0610 0.530 0.859
12 2.37+0.96 0.201 0.632 0.048 0.443 0.449 0.864
2.32+£1.09 0.244 0.617 0.338 0.555 0.619 0.852
Factor 3 2.34+0.95 0.102 0.133 0.893 0.825 0520 0.859 0.772
1.79+1.09 0.378 0.166 0.719 0.687 0.609 0.853
16 2244115 0.193 0.555 0.581 0682 0.687 0.847
Eigen value 297 2608 2.088
Explained variance (%) 24.761 21733 17.397
Cumulative variance (%) 24.761 46.494 63.890

Factor 1, figure cognition; Factor 2, memary; Factor 3, spatial cognition; SD, standard deviation.

Kaiser-Meyer-Olkin=0.886, Bartlett's sphericity y*=851.38 (P<0.001).
Cronbach o 12 item total=0.867.
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9) or complete (item 14, 15), and the explanatory power was 24.8%.
Factor 2 was memory including 4 items corresponding to draw
the memorized figure (item 12, 13), quickly respond and draw a
connection line with remembering the given condition (item 10),
or remember the location and mark it in the same place (item 6),
and the explanatory power was 21.7%. Factor 3 was spatial cogni-
tion including 3 items corresponding to draw lines (item 2, 3) or
figures (item 16) in a given space by eye-hand coordination, and
the explanatory power was 17.4% (Table 3).

Verification of convergence and discriminant validity

As a result of the construct reliability (CR) value, which is the
conceptual reliability of each sub-factor, it was 0.74 to 0.91, more
than the standard of 0.70, and the convergence validity was veri-
fied. In order to verify the discriminant validity by confirming the
low correlation and independence between the latent variables,
the square values of the correlation coefficient between all latent
variables and the average variance extracted (AVE) values were
compared one another. The squared values of all latent variables
were smaller than AVE, and the discriminant validity was verified

(Table 4).

Confirmatory factor analysis
The confirmatory factor analysis used with a model consisting

Table 4. Confirmatory factor analysis on Visual-Motor Integration scale for Ko-
rean elderly (N=180)

Standardized Standardized Factor
Factor  Item ) measurement CR AVE
estimate (B) . 1 20 30
Factor1 7 0.745 0.183 1 - - 091 067
14 0.622 0.264
8 0.861 0.148
15 0617 0.292
9 0.685 0.333
Factor2 13 0.707 0.724 0644 1 - 074 042
10 0.632 0.313
12 0511 0.713
0.726 0.555
Factor3 2 0.685 0.474 0700 0764 1 075 050
3 0.723 0.566
16 0.771 0.530

Factor 1, figure cognition; Factor 2, memory; Factor 3, spatial cognition; CR, con-
struct reliability; AVE, average variance extracted; df, degrees of freedom; RMR,
root mean squared residual; RMSEA, root mean squared error of approximation;
TLI, Turker Lewis index; CFl, comparative fit index.

Model fitness: x*=105.42 (P<0.001), degrees of freedom="51. RMR=0.055, RM-
SEA=0.077, TLI=0.913, CH=0.933.

https://doi.org/10.12965/jer.2142338.169

of 3 subfactors and 12 items. The suitability of the model fit was
¥*=105.42 (P <0.001), degrees of freedom=51, RMR 0.055,
RMSEA 0.077, TLI 0.913, and CFI 0.933, therefore, all fit indi-
ces were good (Table 4).

Reliability verification of VMIS-KE

As the result of the reliability verification, the correlation be-
tween individual items and the total score was 0.452 to 0.713,
which was higher than 0.30 for all items, and no items had a con-
fidence coefficient greater than the total confidence coefficient when
it was deleted. The Cronbach a of factor 1 =0.834, the Cronbach a
of factor 2=0.725, the Cronbach a of factor 3=0.772, the Cron-
bach a. of total VMIS-KE = 0.867, every confidence coefficient was
over 0.60, and the internal consistency of the VMIS-KE was suffi-
ciently high (Table 3).

Differences of VMIS-KE by age and correlations with MMSE

As a result of verifying the difference in VMIS-KE scores ac-
cording to age group from 20s to 70s, VMIS-KE showed signifi-
cant differences according to age (F=40.93, P <0.001). The 20s
scored the highest with 29.57, the 60s scored 24.23, and the 70s
scored the lowest with 14.37. The post hoc analysis showed that
the 60s was significantly lower than the 20s and 30s, and the 70s
was significantly lower than the 60s. In all subfactors, there were
also significant differences according to age (F=14.21-53.23,
P <0.001). In the case of the factor 1, figure cognitive ability, the
30s scored 11.40, significantly higher than 9.27 of the 60s, and

Table 5. Mean differences of Visual-Motor Integration scale for Korean elderly
(VMIS-KE) between each age groups, and correlations with Mini-Mental State
Examination (N=180)

Age VMIS-KE Factor 1 Factor 2 Factor 3
group 0.794(<0.001)" 0.442(<0.001)" 0.947(<0.001)" 0.500(<0.001)
Total  25.11+7.01 947+2.75 9.26+3.01 6.38+2.65
20% 2957+3.26° 10.20+2.50° 11.43+0.82° 7.93+1.26°
30 29174353 1140239 1057+1.48% 7.20+1.88°
405 27.33+4.19* 9.17+2.32° 10.83+1.46% 7.33+1.95°
50 2600+6.37*  10.17+2.70° 8.80+3.20 703179
60's 24.23+574° 927+2.18° 8.03+2.98° 6.93+1.76°
705 14.37+5.01° 6.60+1.96° 5.90+3.03¢ 1.87+143
F(P)  4093(<0.001) 14.21(<0.001) 23.70(<0.001) 52.23(<0.001)
a>b>c a>b>c a>b>c>d a>b

Values are presented as mean + standard deviation.

Factor 1, figure cognition; Factor 2, memory; Factor 3, spatial cognition; SD, stan-
dard deviation. a, b, ¢, d, different letters (a-d) denote statistically significant differ-
ent subgroup by Scheffe post hoc(P<0.05).

"Correlation with Mini-Mental State Examination (1/P).
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the 70s scored 6.60, significantly lower than the 60s’. In the case
of factor 2, memory ability, the 20s scored 11.43, significantly
higher than 8.80 of the 50s, and the 70s scored 5.90, significantly
lower than the 50s’. In the case of factor 3, spatial cognitive abili-
ty, there was no significant difference until the 60s, the average
scored 6.93, whereas the 70s scored 1.87 with significant decrease.
Total VMIS-KE (r=0.794, P <0.001) and all three factors (r=
0.947-0.442, P <0.001) significantly positively correlated with
MMSE (Table 5).

DISCUSSION

In this study, the first cognitive screening scale with VMI for
the old people in Korea, VMIS-KE was developed and the validi-
ty and reliability of it were testified. VMIS-KE composed of 12
items, 3 subfactors, and, the KMO scale, the result of Bartlett
sphericity test, and the item-total correlations were satisfied. The
reliability coefficients of all factors were 0.7 or higher, the overall
Cronbach alpha was 0.867, which showed high internal consis-
tency of the measurement, and there was no item, when deleted,
with higher reliability than 0.867, and it was judged that VMIS-
KE was properly configured. The total cumulative explanatory
variance of the three factors was 63.9%, which was found to have
good explanatory power. In terms of subfactors, the first factor
with the highest explanatory variance of 24.8% was ‘figure cogni-
tion’, the second factor with the explanatory variance of 21.7%
was ‘memoty, and the third factor with explanatory variances of
17.4% was ‘spatial cognition.”

As comparing the existing cognitive function scales with VMIS-
KE developed in this study, there are the following differences.
First, it is reduction of measurement and evaluation time through
efficient questionnaire composition. Existing VMI and MMSE
scales consist of seven areas, a total of 30 items, which are a rela-
tively large number of areas and items (Folstein et al., 1975). If
there are many areas or total number of items, efficiency in terms
of time and cost required for measurement, evaluation, and analy-
sis in the field decreases. VMIS-KE was minimized to 12 items
and the average measurement time did not exceed 10 min, which
was to maximize feasibility and efficiency in the field.

Second, VMIS-KE is unlikely to be affected by various variables
that can distort measurement results such as education, knowledge
level, and experience. Currently, MMSE, which is the most com-
monly used to measure cognitive function in the old people, col-
lects data through interview method, so subjective evaluation of
measurer may be involved. In addition, since it focuses on language

284 https://www.e-jer.org

domain, it is highly likely to be affected by education level, age,
and gender, and there are limitations in measuring mild cognitive
impairment or evaluating visual and spatial cognitive function
(Folstein et al., 1975; Kittner et al., 1986; O’Connor et al., 1989;
Tombaugh and Mclntyre, 1992). On the other hand, since VMIS-
KE uses self-written questionnaires, it is possible to secure objec-
tivity of measurement due to less subjective intervention by mea-
surer. In addition, since the measurement method uses drawing,
which is the most basic movement, it is less likely to be affected
by educational level, academic ability, and intellectual ability.
Therefore, VMIS-KE has the advantage that it can be used regard-
less of educational and intellectual level.

Third, VMIS-KE is useful as a scale to predict changes in cog-
nitive function rather than whether or not the old people have
cognitive impairment. Existing VMI tools have been used as a
tool to discriminate children with disabilities or learning and be-
havioral problems from normal children (Cooke et al., 2004; Koo-
istra et al., 2005). MMSE has limitations in discriminating early
mild cognitive impairment (Folstein et al., 1975). In other words,
VMI or MMSE measurement tools, which are representative for
measuring cognitive function, can be effective for discriminating
against cognitive impairment or brain function impairment, but
have limitations in evaluating and predicting normal cognitive
function changes. On the other hand, the developed VMIS-KE
was effective in evaluating and predicting changes in cognitive
function according to age in the normal old people.

The total VMIS-KE score gradually decreased from 20s to 70s.
VMI is related to appropriate self-management and academic skill
performance according to the age of development and is import-
ant for observing changes in cognitive function due to various fac-
tors according to age (Feder and Majnemer, 2007). From the re-
sults of the above study, since VMI reacts sensitively with age, it
can be said that it is an effective method to measure cognitive
function of the old people, and VMIS-KE using this can detect
cognitive function change of the normal old people than the exist-
ing tools. It can be said that it is effective in measuring and pre-
dicting.

The value of this study is to develop a prototype tool using VMI
for measuring cognitive function of the Korean old people. VMIS-
KE is an effective tool that can be used conveniently in the field,
regardless of level of education and knowledge of the old people,
as a tool that can nonverbally measure changes in cognitive func-
tion of the old people in Korea. Through this, it is thought that it
will be useful not only to detect and manage high-risk groups for
dementia in the old people, but also to evaluate various cognitive

https://doi.org/10.12965/jer.2142338.169
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function improvement programs. Ultimately, it is expected to
contribute to reducing incidence of dementia in the old people.

In a follow-up study to develop a tool for measuring cognitive
function in the old people using VMI, it is necessary to consider
the following. First, standardization work using large-scale data is
needed to increase the predictive power of VMIS-KE for cognitive
function. Second, since there is a possibility that measurement time
and environment in research process may affect result, it is neces-
sary to standardize measurement time and environment to the
most suitable for the old people. Third, VMIS-KE was an initial
cognitive function scale for the Korean old people measured by
VMI with arms and hands of the upper limbs corresponding to
small muscles. In the future, it is necessary to develop a measure-
ment tool that includes walking using the large lower limb mus-
cles, which are closely related to cognitive function.
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