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Objectives: The aim of this study was to develop auditory-verbal and visual-spatial memory tasks using smart devices for
children aged 8 to 10 years and examine their validity.

Methods: One-hundred and fourteen school-aged children were recruited through internet advertising. We developed memory
tasks assessing auditory-verbal memory, visual-spatial memory, and working memory, and then examined their construct validity
by examining the developmental trend of the children’s mean scores with age. In order to examine the concurrent validity of the
tasks, we conducted correlation analyses between the children’s scores on the newly developed auditory-verbal, visual-spatial
memory and working memory tasks and their scores on well-known standardized tests of memory and working memory, includ-
ing the auditory-verbal memory subtests of the Korean Luria-Nebraska Neuropsychological Battery for Children, Korean Rey-
Osterrieth Complex Figure Test, digit span and arithmetic subtest of Korean Educational Development Institute Wechsler Intelli-
gence Scale for Children Revised, and Corsi block test.

Results: The memory and working memory scores measured by the newly developed tasks tended to increase with age. Fur-
ther, there were significant correlations between the scores of the four cognitive tasks and the corresponding scores of the stan-
dardized assessment tools.

Conclusion: This study revealed promising evidence for the validity of the memory tasks using smart devices, suggesting

their utility for school-aged children in research and clinical settings.

KEY WORDS: Computerized Cognitive Task - Auditory-Verbal Memory - Visual-Spatial Memory -
Auditory-Verbal Working Memory - Visual-Spatial Working Memory.
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Table 1. Participants’ characteristic

Age (yr) N Sex, boy/girl FSIQ, M (SD)
8 42 24/18 114 (12.5)

9 39 18/21 110 (12.5)
10 33 16/17 117 (10.0)
Total 114 58/56 113 (12.0)

FSIQ: Full Scale Inteligence Quotient, M: mean, N: the number
of participants, SD: standard deviation
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Fig. 1. The scenes of auditory-verbal memory task. After a character mom says a list for shopping (12 items, 3 categories). Then, sub-
jects are asked to recall the items as many as possible. All the subjects repeat this trial 3 times (immediate recall). 15-20 minutes af-
ter immediate recall, there are delayed recall and delayed recognition trials

Fig. 2. The scenes of visual-spatial memory task. ltems in showcose are fell down and mixed up. Then, subjects are asked to choose
items and put them in the place where they were (immediate recall). 15-20 minutes after immediate recall, there is a delayed rec-

ognition trial
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Fig. 3. The scenes of auditory-verbal working memory task. A character doll gives O, X quizzes (auditory stimulus) and words are pre-
sented (auditory and visual stimulus) between them. Subjects are asked to be remember the sequence of the words
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Fig. 4. The scenes of visual-spatial working memory task. There is a peg hung with rings on the left side on the screen and an empty
square board on the right side. A subject has to conduct forward span and backward span at the same fime after watching rings’

movement from the peg to the square board
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Table 2. Comparison of correct scores on the memory tasks using smart devices with age from 8 to 10 years

8yr, M (SD) 9 yr, M (SD) 10 yr, M (SD) F o) Post-hoc

Auditory-verbal memory 8,9<10

Immediate recall 21.57 (4.08) 22.92 (4.97) 24.64 (4.94) 3.720 .027

Delayed recall 8.21 (1.42) 8.79 (1.79) 8.85 (1.70) 2.321 .103

Delayed recognition 11.36 (0.91) 11.45 (1.01) 11.58 (0.79) 426 654
Visual-spatial memory 8<9,10

Immediate recall 31.10 (10.20) 39.60 (13.77) 43.27 (17.48) 8.869 .000

Delayed recognition 17.50 (2.31) 18.13 (2.02) 17.52 (3.30) 1.409 246
Auditory-verbal working memory 5.74 (3.34) 7.05 (3.76) 8.64 (4.22) 4.893 .009 8,9<10
Visual-spatial working memory

Forward 8.02 (4.03) 10.08 (4.72) 11.36 (4.91) 5.725 .004 8<9,10

Backward 6.29 (3.87) 8.36 (4.28) 9.30 (4.17) 6.420 .002 8<9,10

M: mean, SD: standard deviation
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Fig. 5. Comparison of correct scores on the memory tasks using smart devices with age from 8 to 10 years

Table 3. Comparison of correct scores on the memory tasks using smart devices with sex

8 yr 9 yr 10ys
Male, Female, ¢ Male, Female, ; Male, Female, ;
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Auditory-verbal memory
Immediate recall 21.25 (4.32) 22.00 (3.82) —.585 22.50 (4.59) 23.29 (5.36) —.487 25.81 (4.45) 23.53 (5.25) 1.345
Delayed recall 8.04 (1.73) 8.44(0.86) —.906 8.89 (1.64) 871 (1.95 299 9.13(1.86) 8.59 (1.54) .905
Delayed recognition  11.33 (0.76) 11.39 (1.09) —.194 11.41 (1.18) 11.48 (0.87) —.194 11.75(0.58) 11.41 (0.94) 1.237
Visual-spatial memory
Immediate recall 31.83 (10.07) 30.11 (10.59)  .537 46.33 (10.93) 33.48 (13.37) 3.251* 45.25 (18.57) 41.41 (16.74) 624
Delayed recognition  17.08 (2.19) 18.06 (2.41) —1.365 18.56 (1.95) 17.76 (2.05) 1.234 17.31 (3.50) 17.71 (3.20)  —.338
Auditory-verbal 617 (3.42) 517 (3.49) 1.073 7.00(3.22 7.10(4.25) —.078 7.25(4.46) 9.94(3.63) —1.905
working memory
Visual-spatial working
memory
Forward 9.83 (3.45) 5.61(3.52) 3.894*11.33 (5.01) 9.00 (4.29) 1.568 11.50 (4.56) 11.24 (5.36) 152
Backward 7.71 (4.05) 439 (270)  3.007* 9.56 (4.87) 7.33(3.50) 1.654 9.19 (3.76) 9.41 (4.64) —.152

*. p<.05. M: mean, SD: standard deviation
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Table 4. Correlation between scores on newly developed auditory-verbal memory task and existing standardized test (KEDI-WISC

digit span, K-LNNB-C memory scale)

Auditory-verbal memory in this study

Immediate recall

Delayed recall Delayed recognition

KEDI-WISC digit span 3791
K-LNNB-C_memory scale (no.128) 4657
K-LNNB-C_memory scale (no.131) 3777

248" 254"
366" 4777
2621 206*

*: p<.05, T:p<.01. K-LNNB-C: Korean Luria-Nebraska Neuropsychological Battery for Children, KEDI-WISC: Korean Educational
Development Institute Wechsler Intelligence Scale for Children Revised

Table 5. Correlation between scores on newly developed visu-
al-spatial memory task and existing standardized test (K-ROCF)

Visual-spatial memory

in this study
Immediate Delayed
recall recognition

K-ROCF immediate recall 245" 165

Structural elements accuracy

Incidental elements accuracy 240" .228*
K-ROCF delayed recall 3221 194*

Structural elements accuracy

Incidental elements accuracy 181 174

*: p<.05, T: p<.01.K-ROCF: Korean Rey-Osterrieth Complex Fig-
ure Test
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Table é. Correlation between scores on newly developed audi-
tory-verbal working memory task and existing standardized test
(KEDI-WISC arithmetic)

Auditory-verbal working
memory in this study

Span Correct response
KEDI-WISC arithmetic 231* .255*

*. p<.05. KEDI-WISC: Korean Educational Development Institute
Wechsler Intelligence Scale for Children Revised

Table 7. Correlation between scores on newly developed visu-
al-spatial working memory task and existing standardized test
(Corsi block)

Visual-spatial working memory in this study

Forward Backward
Corsi block
Forward .309* .242*
Backward 462 .346*
*: p<.01
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