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The purpose of this study was to examine the potential effects of education on the Korean Wechsler Memory Scale, Fourth
Edition (K-WMS-1V). The subtest scaled scores and index scores of education groups were compared, and the base rate and
multi-variate base rate were produced for clinical utility. The interaction effect of age and education on the K-WMS-IV was
also analyzed. The main results were as follows. First, the subtest scores and index scores were different depending on the lev-
els of education. Index scores of the lowest education group (< 8) were 90.69-92.49, while those of the highest education
group were 104.58-106.10 (= 16). Second, the base rate-i.e., percentage of cases below the cut-off score of M-1SD- of each in-
dex score tended to increase as years of education decreased. The base rates of the lowest education group were 19.77-30.23%,
while those of the highest education group were 5.23-8.14%. In addition, the multi-variate base rate increased as the levels of
education decreased. In the lowest education group, 55% of the lowest education group had one or more low index scores be-
low the cut-off score (< M-1SD), while 18% of the highest education group had one or more low scores. Lastly, the impact of
education on memory performance increased as subjects got older. These results suggest that the K-WMS-IV would overes-
timate cognitive impairment in subjects with less education, while underestimate cognitive impairment in those with more

education, especially in the older population.
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Table 1. Education Distribution by Age

Impact of Education on the K-WMS-IV
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Fourth Edition; K-WMS-1V, Chey et al., 2012). 3+t Q<& 7]
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Fourth Edition; WMS-IV, Wechsler, 2009a)-2- $+=12}+0 & 3235}
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ry, LM) L, I, ©0]9%H(Verbal Paired Associate, VPA) I, IT, A|Z}A|
AY(Visual Reproduction, VR) I 11, tJZ}](Design, DE) I, 11, 57V}

(Logical Memo-

=8 years 9-11 years 12 years 13-15 years =16 years Total
Age group " 0 " o0 ( " 0 "0 n (%)
16-24 150 (44.9) 23 (6.9) 142 (42.5) 19 (5.7) 334 (100)
25-44 3(1.1) 104 (36.5) 59 (20.7) 119 (41.8) 285 (100)
45-69 86 (34.0) 40 (15.8) 80 (31.6) 13 (5.1) 34 (13.4) 253 (100)
Whole group 86 (9.9) 193 (22.1) 207 (23.7) 214 (24.5) 172 (19.7) 872 (100)
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Table 2. Correlations of K-WMS-1V Scores, Age and Education
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PEI Ak Tl 484 2 A0 2 el SIck(Brooks,
Iverson, & Holdnack, 2013). 9|& 591, +=2]|7|¢Jo| A 57 o|5}<]
B W A 91 71418 o stol 15k WS 91z 87}
2 R NSNS A9 1) ool AkelA 5
A olste] M W A el ThEIeg 71482 2007} ik
(Brooks et al, 2013). Theb4] 71416 5 Tz} 7|4 %ol chat 4
= QA RO S0 vk et ofet 77} 9l K0k ol
Rl 3lo] F231

K-WMS—IV 2ZAL & X|-Fet A, us 7te| o

K-WMS-TV 234} A4, 2894 Sk
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N
>
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o

R Age (N=875) Education (N =739) Scaled scores/ Age (N=875) Education (N =739)
aw scores r 7 r 7 Index scores r 7 r 7

ILMI -.54% 29 420%% .18 ILMI .01 .00 2004 .04
LMII -.58%* .33 A1 17 LMII .01 .00 1900 .04
VPA 1 -.657%* 43 380+ .14 VPA T -.01 .00 180+ .03
VPA II -.67F 44 A4 .19 VPAII -.08% .01 2604 .07
VRI -.69F+ 47 S .26 VRI -.08% .01 2200 .05
VRII -.63% .39 A4 .20 VRII -.01 .00 200 .04
DEI =70 49 400 .16 DEI .02 .00 2300 .05
DEII -.657% 42 280+ .08 DEII .00 .00 1400 .02
SA S 720 51 52X 27 SA -.02 .00 2604 .07
SSP -6 37 A6+ 21 SSP .05 .00 2300 .05
AMI -.02 .00 2500 .06
VMI -.02 .00 2700 .07
VWMI .02 .00 2900 .09
IMI -.02 .00 2900 .09
DMI -.03 .00 280+ .08

Note. LM I=Logical Memory Immediate Recall; LM II=Logical Memory Delayed Recall; VPA I=Verbal Paired Associate Immediate Recall; VPA
II=Verbal Paired Associate Delayed Recall; VR I = Visual Reproduction Immediate Recall; VR II = Visual Reproduction Delayed Recall; DE I =Design
Immediate Recall; DE II=Design Delayed Recall; SA = Spatial Addition; SSP = Spatial Span; AMI = Auditory Memory Index; VMI = Visual Memory
Index; VWMI = Visual Working Memory Index; IMI = Immediate Memory Index; DMI = Delayed Memory Index.

*p<.05.**p<.01. ***p<.001.
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Qrth ESH 161 oJAFY] WS H oS VR I, DE [IE A|9Jet == 4
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11, SA, AMI, VWMI, IMI, DMIoj A= 12 8- Ztho]] B|3jAl =
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DS FEHE K-WMS—IV F4 xH0] H| = K-WMS-TV £7AF 9 2|54 5 A 120 ofs) A& 8
a5 o] uhe} KWMS-IV Ax3AF Sk B 2|43 4=0f] 2} 4*OIJ— Table 20| AJA|E H}2} Zho] Awute] ko] IR,
o7} J=R5 Eolslr] flote] dYEAREA U Tukey's HSD Af S Ak 7o A”l, F(4, 867)=168.14, p<.001, AJH(4,
T HS& AANBICE VPATL SA, VWMIE= Levene 5-24F A% =872)=25418, p<.0012] Z}o|7} QIG17] wfiof A} AES
23t ko] 40 71215l0] Welch AL SHlom], AFREA  FHI0 2 Sho] ANCOVAS 37180 2 Ajshgick. £4) 2,
Table 3. K-WMS-IV Subtest and Index Scores of Each Education Groups
=8 years® 9-11 yearsb 12 years* 13-15 yearsd =16 years® Post-hoc
(n=86) (n=193) (n=207) (n=214) (n=172) df F n’ p analysis
Mean  S.D. Mean  S.D. Mean  S.D. Mean  S.D. Mean  S.D. (Tukey’s HSD)
LMI 8.77 2.92 9.54 2.95 10.00 2.71 10.36 2.82 10.67  2.86 4 859 .04 <.001 a<cdeb<de
LM II 8.67 3.00 9.55 3.03 9.90 2.77 10.20 2.67 10.60  2.81 4 798 .04 <.001 a<cdeb<e
VPAI 8.90 2.71 9.70 3.35 9.68 3.15 10.18 3.25 10.78 291 4 6.41 .03 <.001 a<d,e;b<e;c<e
VPAII* 870 2.82 10.11 2.53 9.95 3.10 10.40 2.46 11.28 2.81 4 <.001 a<b,,d,eb<e;
c<e;d<e
VRI 8.21 2.75 10.22 2.95 10.14 3.13 10.88 2.72 10.88  2.94 4 15.02 .07 <.001 a<b,cd,e
VRII 8.59 2.82 9.67 3.19 9.91 2.95 10.29 3.17 10.68  3.00 4 7.75 .04 <.001 a<cdeb<e
DEI 8.64 2.72 9.68 2.80 9.97 2.69 10.36 2.83 10.85  2.89 4 10.60 .05 <.001 a<b,cdeb<e
DEII 9.30 2.58 9.90 2.78 10.25 2.85 10.44 2.87 1041  2.66 4 344 .02 <.001 a<de
SA* 8.15 2.12 9.56 3.39 9.68 3.28 10.26 3.17 11.02  3.37 4 <.001 a<b,cdeb<e;
c<e
SSP 8.40 2.75 9.37 3.05 9.96 2.87 10.26 3.16 10.78  2.88 4 11.63 .05 <.001 a<cde;b<de
AMI 9249 13.79 98.26 14.19 99.28 14.80 101.80 13.92 105.13 14.14 4 13.28 .06 <.001 a<b,c,deb<e;
c<e
VMI 91.43 1255 99.12 14.54 100.43 14.08 103.21 14.03 104.58 14.17 4 1498 .07 <.001 a<b,cdeb<de
VWMI* 91.37 10.27 97.99 15.04 99.98 14.18 102.51 15.05 106.10 14.60 <.001 a<b,c,d,e;
b<de;c<e
IMI 90.69 12.86 98.62 14.56 99.66 13.73 103.12  13.62 105.70 14.29 4 19.63 .08 <.001 a<b,c,d.e;
b<de;c<e
DMI 91.60 12.77 98.68 14.21 100.05 14.30 102.43 13.88 105.36 14.13 4 1574 .07 <.001 a<b,,deb<e;

c<e

Note. LM I=Logical Memory Immediate Recall; LM II=Logical Memory Delayed Recall; VPA I=Verbal Paired Associate Immediate Recall; VPA
II=Verbal Paired Associate Delayed Recall; VR I = Visual Reproduction Immediate Recall; VR II = Visual Reproduction Delayed Recall; DE I =Design
Immediate Recall; DE II=Design Delayed Recall; SA = Spatial Addition; SSP = Spatial Span; AMI = Auditory Memory Index; VMI = Visual Memory
Index; VWMI = Visual Working Memory Index; IMI = Immediate Memory Index; DMI = Delayed Memory Index.

*Homogeneity of variances assumption was not met in Levene’s test. Welch’s test was used with Games-Howell as post-hoc analysis.

http://dx.doi.org/10.15842/kjcp.2016.35.3.001

589



Shin et al.

Table 4. Percentage of Subjects Who Were Classified Below Cut-Offs (M-1SD)

<8 years 9-11 years 12 years 13-15 years =16 years Total

Index Age group (n By 86) (n= }1,93) (n B 207) (n21y4) (n= i’72) (n=872)
AMI Age<45 14.4 22.8 11.0 7.3 134
Age>45 29.1 22,5 10.0 0.0 2.9 17.0
Whole group 29.1 16.1 17.9 10.3 6.4 14.5
VMI Age<45 15.0 11.0 9.0 9.4 11.0
Age>45 30.2 20.0 8.8 0.0 29 16.6
Whole group 30.2 16.1 10.1 8.4 8.1 12.6
VWMI Age<45 17.7 18.9 10 6.5 12.9
Age>45 19.8 17.5 6.3 0.0 0.0 115
Whole group 19.8 17.6 14.0 9.4 5.2 12.5
IMI Age<45 12.4 15.0 8.0 5.8 10.0
Age>45 29.1 22.5 8.8 0.0 2.9 16.6
Whole group 29.1 14.5 12.6 7.5 5.2 11.9
DMI Age<45 12.4 11.8 11.4 8.0 11.0
Age>45 30.2 25.0 8.8 0.0 59 17.8
Whole group 30.2 15.0 10.6 10.8 7.6 13.0

Note. AMI=Auditory Memory Index; VMI = Visual Memory Index; VWMI = Visual Working Memory Index; IMI=Immediate Memory Index;

DMI =Delayed Memory Index.
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Figure 1. Multi-variate base rate of each education group. Number of low index scores or subtest scores are more common in healthy individuals
with low years of education. (A) Multi-variate base rate for five index scores when cut-off is M-1SD. (B) Multi-variate base rate for ten subtest
scores when cut-off is M-1SD. (C) Multi-variate base rate for five index scores when cut-off is M-1.5SD. (D) Multi-variate base rate for ten subtest

scores when cut-off is M-1.5SD.
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Table 5. Multivatiate Linear Regression Analysis of the Effect of Education on K-WMS-1V

Variables AMI VMI VWMI IMI DMI
Model 1 R .06 .08 .20 .02 .01
R square .00 .01 .04 .00 .00
Adjusted R square .00 .00 .04 .00 .00
R square change .00 .01 04%%* .00 .00
Intercept 99.00*** 101.35%** 103.26*** 100.36*** 100.14%**
Age* -.01 -.01 .03 -.01 -.01
Gender 1.75 -2.14* -6.00** -.35 -.04
Model 2 R .30 .30 .36 .33 .32
R square .09 .09 13 11 .10
Adjusted R square .08 .09 13 .10 .10
R square change .09 .08 09 B 100
Intercept 98.60*** 101.14%*+* 102.80*** 100.02*** 99.80**
Age’ A1 A1 1400 120 A1
Gender 3.37%* -.55 -4.380¢ 1.04 1.70
Education” 1,180 99xx* 1.230%* 1.20* 1.18%**
Education® x Age® .03* .03** .02* .03 03**

Note. AMI=Auditory Memory Index; VMI = Visual Memory Index; VWMI = Visual Working Memory Index; IMI=Immediate Memory Index;

DMI = Delayed Memory Index; Gender, 1 =female.
*centered years of age; *centered years of education.
*p<.05.**p<.01. ***p<.001.
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Figure 2. Regression of years of education on raw score of delayed memory index (A) and delayed memory index (B). The effect of education was

moderated by age; regression line was depicted for different age.
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