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ObjectiveaaThe purpose of this study was to explore the effect of demographic variables on Digit Span test (DS) performance in an ed-
ucationally diverse elderly population and to provide normative information. 
MethodsaaThe DS was administered to 784 community-dwelling volunteers aged 60–90 years with an educational history of from zero 
to 25 years of full-time education. People with serious neurological, medical and psychiatric disorders (including dementia) were ex-
cluded.
ResultsaaAge, education and gender were found to be significantly associated with performance on the DS. Based on the results ob-
tained, DS norms were stratified by age (2 strata), education (3 strata), and gender (2 strata). 
ConclusionaaOur results on DS performance suggest that both attention and working memory are influenced by age, education and 
gender. The present study provides reasonably comprehensive normative information on the DS for an educationally diverse elderly 
population.	 Psychiatry Investig 2014;11:39-43
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INTRODUCTION

The Digit Span test (DS) is a widely used neuropsychologi-
cal measure, known as a test of attention and working memo-
ry.1-5 The DS consists of forward recall part and backward re-
call part for digit sequences. Each part is considered to assess 
somewhat different cognitive processes. Although specific co-
gnitive components contributing to each part of the DS per-
formance are not well-defined, the DS forward is regarded to 
be more related to attention and the DS backward is to work-

ing memory.1,6

The DS is very useful in clinical settings to differentiate, 
monitor, and describe various neuropsychiatric or cognitive 
disorders including dementia, depression, and malingered 
neurocognitive dysfunction.7-9 The DS also can be applied to 
assess people handicapped by illiteracy.10,11

DS performance has been found to be influenced by demo-
graphic factors. The relationship between older age and re-
duced performance has been consistently reported.12-14 Edu-
cational level is also known to have a positive effect on DS 
performance.15-17 However, the effect of gender on DS score is 
controversial. Some studies reported a minimal or no gender 
effect, suggesting that no gender corrections need to be ap-
plied to normative data,5,18 while other studies showed signif-
icantly higher DS backward performance in female than in 
male.19

Although several DS norms have been reported, many of 
them were obtained from relatively small number of elderly 
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participants with a limited educational background.3 Most 
normative studies for DS performance in older people target-
ed mainly highly educated individuals (more than 12 ye-
ars).13,14,18,20 while very limited numbers of studies investigated 
the influences of demographic factors and normative correc-
tions on DS performance in elderly individuals with a poorer 
educational background.21 This study aimed to investigate the 
effects of age, education, and gender on DS performance, and 
to provide normative information based on an analysis of a 
large, educationally diverse elderly population.

METHODS

Study population
Seven hundred and eighty-four healthy people aged 60–90 

years were included in this study. Research participants were 
recruited from among elderly individuals who participated in 
a community service program for the early detection and ma-
nagement of dementia at 4 centers located in Seoul (two pub-
lic health center and two dementia or memory clinics) from 
January 2003 to November 2010. All participants lived inde-
pendently in the community. Informed consent was obtained 
from each participant according to the procedures approved 
by the institutional review board of each center.

Psychiatrists with advanced training in neuropsychiatry and 
dementia research examined all participants according to the 
protocol in the Korean Version of the Consortium to Estab-
lished a Registry for Alzheimer’s disease (CERAD) clinical as-
sessment battery.22 The battery consisted of a standardized 
clinical interview on demographic information, cognitive and 
functional status, drug inventory, depression and medical his-
tory, a cognitive state examination including the six-item Ko-
rean version of the Short Blessed test23 and a general physical 
and neurological examination. In addition, they interviewed 
reliable informants to acquire accurate information regarding 
cognitive and functional changes and medical history of the 
participants. A panel consisting of four psychiatrists with ex-
pertise in dementia research made the clinical decisions in-
cluding dementia diagnosis. This panel reviewed all available 
raw data from the clinical evaluation.

All participants in the present sample satisfied strict inclu-
sion criteria. Candidates with dementia or another serious 
medical, psychiatric, or neurological disorder that could affect 
mental function were excluded. Psychiatrists diagnosed de-
mentia using the criteria detailed in the Diagnostic and Sta-
tistical Manual of Mental Disorders, fourth edition.24 All par-
ticipants possessed adequate hearing, although some required 
a hearing aid. Individuals with minor physical abnormalities 
(e.g., diabetes with no serious complications, essential hyper-
tension, mild hearing loss, etc.) were included in the study.

Measurements
The DS in the standardized version of the Wechsler Adult 

Intelligence Scale-Revised11 was used in the present study. 
Trained psychologists administered the DS at each of the four 
sites. The DS was presented beginning with a length of 3 in 
forward or 2 in backward. In the DS forward, the participant 
had to listen to a digit span that keep to the speed of one digit 
per second and repeat it forward. On the contrary to DS for-
ward, in the DS backward, the participant had to listen and 
repeat span backward. Two trials were presented at each len-
gth. Test was halted when participant failed to either trial at 
equal digit length.

Statistical analysis
Stepwise multiple linear regression analysis was used to as-

sess the relative contributions of age, education, and gender 
on test scores. Age and education were entered as continuous 
variables and gender was coded as 0 or 1 for female and male, 
respectively. 

A series of 2×5×2 analyses of variance (ANOVA) was also 
performed to determine any main effects and interaction of 
age (60–74, 75–90 years), education (0–3, 4–6, 7–9, 10–12, 
and ≥13 years) and gender on the tests. Post hoc contrasts 
with Tukey’s method were conducted when any effect of age, 
education and gender was determined to be significant by 
ANOVA at the p<0.05 level.

RESULTS

Demographic characteristics
The demographic characteristics of 784 participants are 

presented in Table 1. The mean age of the male participants 
(71.8 years) was slightly higher than that of the female partici-
pants [70.5 years; t(782)=-3.04, p<0.01]. The mean years of 
education was also much higher in the male group (10.5 
years) than in the female group [6.6 years; t(782)=-10.67, p< 
0.001].

Effects of age, education, and gender on test scores
Stepwise multiple regression analysis revealed that age, edu-

cation and gender affected the test scores significantly. Among 
the demographic variables, education accounted for the great-
est proportion of the score variance of both DS forward and 
backward performances (Table 2). Education accounted for 
29.8% and 28.3% of the variance for DS forward and back-
ward scores, respectively. Age accounted for 1.1% and 0.6% 
and gender accounted for 0.8% and 0.6% of DS forward and 
backward scores, respectively. 

Three-way ANOVA was also performed to determine any 
main effects or interactions among demographic variables on 
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test scores. Age [F(1, 769)=13.18, p<0.001] , education [F(4, 
769)=30.69, p<0.001] and gender [F(1, 769)=6.40, p<0.05] 
were found to have significant effects on DS forward scores. 
Education [F(4, 769)=28.65, p<0.001] and gender [F(1, 769) 
=7.39, p<0.01] were found to have significant effects on DS 
backward scores. As shown in Table 3, no interaction between 
age, education and gender was found for DS forward test, 
however ANOVA’s revealed significant interaction between 
education and gender for DS backward test.

Because education was found to affect scores of DS forward 
and backward, educational groups (i.e., 0–3, 4–6, 7–9, 10–12, 
≥13 years of education) were compared by using the post hoc 
contrasts. In terms of DS forward, significant differences were 
found between the 0–3 year group and all ≥4 year groups (i.e., 
4–6, 7–9, 10–12, ≥13 years), between the 4–6 and 10–12 year 
groups, and between the 4–6 and ≥13 year group, whereas no 
significant differences were observed between the 4–6 and 
7–9, and between the 10–12 and ≥13 year group. In term of 

DS backward, significant differences were found between the 
0–3 year group and all ≥4 year groups (i.e., 4–6, 7–9, 10–12, 
≥13 years), between the 4–6 year group and all ≥7 year 
groups (i.e., 7–9, 10–12, ≥13 years), and between the 7–9 and 
≥13 year group, whereas no significant differences were ob-
served between the 7–9 and 10–12, and between the 10–12 
and ≥13 year group. 

Normative data
On the basis of the results for the effects of demographic 

variables, we decided to stratify DS forward and backward 
scores by age, education and gender (Table 4). Tables com-
posed of age strata with midpoint ages occurring at 15-year 
intervals (i.e., 67 and 82 years of age, respectively for two stra-
ta) were developed as shown in Table 4. The educational gr-
oups were divided into three strata (i.e., 0–3, 4–9, and ≥10 
years of education) for DS forward and DS backward scores. 
Strata of education were determined considering the results 
from the post hoc contrasts between the five educational 
groups, and the number of participants within each cell. The 
normative scores of the DS stratified by demographic vari-
ables were shown in the forms of a mean, a standard devia-
tion, a median and a range of the 5th percentile (Table 4). 

DISCUSSION

The present investigation was conducted to examine the ef-
fect of demographic factors on the performance of the DS and 
to provide normative information in a large and educationally 
diverse elderly population to allow clinicians and researchers 
to interpret test results better. Lower educational level, older 
age, and female gender were associated with poorer perfor-
mances of both DS forward and backward. Based on the re-
sults for the influence of demographic variables on DS perfor-

Table 3. Analysis of variance for main effects and interactions be-
tween education, age, and gender on digit span score

Main effect Interaction
Variable F Variable F

DS-forward score
Education 30.689*** Education×age 0.997
Age 13.179*** Education×gender 0.605
Gender 6.401* Age×gender 0.207

DS-backward score 
Education 28.645*** Education×age 1.018
Age 2.805 Education×gender 2.592*
Gender 7.385** Age×gender 0.002

Age is categorized as ‘60–74, 75–90’; education as ‘0–3, 4–6, 7–9, 
10–12, and ≥13 years’; respectively. *p<0.05, **p<0.01, ***p<0.001 
by 2×5×2 analysis of variance (ANOVA). DS: digit span

Table 1. Demographic characteristics of participants

Male Female Total
Number 266 518 784

Age (yr) 71.8±6.3* 70.5±6.1 71.0±6.2 
60–69      109 (41.0)† 238 (45.9) 347 (44.3) 
70–79      120 (45.1) 242 (46.7) 362 (46.2) 
80–90 37 (13.9) 38 (7.3) 75 (9.6) 

Education (yr) 10.5±4.8 6.6±4.9 7.9±5.2 
0–3        17 (6.4) 154 (29.7) 171 (21.8) 
4–6 57 (21.4) 158 (30.5) 215 (27.4) 
7–9 44 (16.5)    62 (12.0) 106 (13.5) 
10–12 65 (24.4)    92 (17.8) 157 (20.0) 
13– 83 (31.2)    52 (10.0) 135 (17.2) 

*result represents mean±standard deviation, †number (percent)

Table 2. Stepwise multiple linear regression of age, education and 
gender on digit span (DS) score

Variables B SE (B) β ΔR2 p
DS-forward score

Education 0.24 0.02 0.49 29.8 0.000
Age -0.05 0.01 -0.12 1.1 0.000
Gender 0.51 0.17 0.10 0.8 0.003

DS-backward score
Education 0.16 0.01 0.49 28.3 0.000
Age -0.03 0.01 -0.09 0.6 0.003
Gender 0.32 0.12 0.09 0.6 0.008

Age and education were entered as continuous variables, and sex 
was coded as 0 and 1 for female and male, respectively. B: regres-
sion coefficient, SE (B): standard error of B, β: standardized regres-
sion coefficient, ΔR2: percent variance explained by each variable
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mance, normative data were stratified by education, age and 
gender.

The significant influence of education on DS performances 
found in our study has already been reported by many previ-
ous studies.13,16,18,21,25,26 In regard of the degree of influences, 
however, there are some differences between studies. Some 
studies13,16 showed relatively small education effect (R2: about 
5–8%), while other ones18,21 had bigger education effect (R2: 
greater than 23%) like ours. This discrepancy among studies 
probably relates to the range of educational levels of study 
participants. The studies for subjects with very narrow range 
of educational background showed relatively small educa-
tional influence on both DS forward and backward perfor-
mance,13,16 whereas those for the subjects with wide range of 
educational background like ours had greater education ef-
fect.18,21 

In terms of age effect on the DS, our findings were in line 
with those from most of previous studies.13,16,18,21,25 Similar to 
the degree of education effect above mentioned, however, the 
magnitude of age effect was also very diverse probably de-
pending on the age distribution of study participants. The 
studies including young adults as well as older individuals re-
vealed greater age influence (R2: about 10%)16,25 compared to 
those including only older subjects like ours (R2: about less 
than 1%).21 A study conducted only for oldest old individuals 
(age range 85–95 years) did not even show any age effect for 
both DS subtests.26

In our study, male performed significantly better than fe-
male in both DS forward and backward test, but the degree of 
gender effect was not so big (R2: only 0.8% for DS forward 
and 0.6% for DS backward). Although some previous studies 

also reported small but significant gender effect on both DS 
subtests or on DS backward performance,16,18 other studies 
did not found any gender effect on DS performances.21,25 Giv-
en very small effect size, statistical power issue related to sam-
ple size as well as population characteristics may partially ex-
plain the difference between studies. 

In addition to the main effects of education and gender, 
ANOVA revealed an interaction between gender and educa-
tion for the DS backward test indicating that DS backward 
scores of women decline more steeply than that of men with 
decreasing educational level. The better performance on the 
DS backward test by poorly educated male elderly than fe-
male elderly individuals might be explained by differences in 
their social roles. Male elderly persons with little formal edu-
cation were more likely to have opportunities for intellectual 
stimulation via occupational activities than poorly educated 
female elderly persons who are usually devoted to housework, 
as indicated in our previous work.27

In the present study, normative data was stratified by age, 
education and gender considering the effect of demographic 
variables on DS performance. We were able to provide accu-
rate normative data with adequate numbers of subjects for 
most normative subgroups. However, sample numbers of 
male with very low educational level (i.e., 0–3 years of educa-
tion in Table 4) was still limited in size. Therefore, users 
should exercise caution when the test scores of such individu-
als are interpreted.

The study participants were recruited from mainly Seoul 
area, so it is hard to regard these elderly as representative of 
whole Korean elderly. However, the cognitive test score of Ko-
rean elderly is not associated with place of residence, and after 

Table 4. Normative data of digit span score: mean, standard deviation, median and range of the 5th percentile

Age (years)
DS forward DS backward

Men Women Men Women
0–3 4–9 ≥10 0–3 4–9 ≥10 0–3 4–9 ≥10 0–3 4–9 ≥10

60–74
N 9 60 109 101 167 116 9 60 109 101 167 116
Mean 3.89 5.52 7.58 3.66 4.93 6.86 3.56 4.47 5.42 2.86 4.12 5.05
SD 2.15 2.48 2.49 1.73 2.02 2.02 0.88 1.56 1.55 1.43 1.46 1.54
5th percentile 1.00 2.00 3.00 2.00 2.00 4.00 2.00 2.00 3.00 0.00 2.00 2.85
Median 4.00 5.00 8.00 3.00 5.00 7.00 4.00 4.00 6.00 3.00 4.00 5.00

75–90
N 8 41 39 53 53 28 8 41 39 53 53 28
Mean 4.13 5.2 6.28 3.04 4.58 6.25 3.13 4.27 5.23 2.55 3.94 4.96
SD 1.13 2.1 1.96 1.21 2.17 2.84 1.46 1.38 1.75 1.15 1.46 1.88
5th percentile 3.00 2.00 4.00 2.00 1.70 2.00 0.00 2.10 3.00 0.70 1.70 2.00
Median 4.00 5.00 6.00 3.00 4.00 6.00 4.00 4.00 5.00 2.00 4.00 5.00

SD: standard deviation, DS: digit span
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controlling the effect of age and education, the difference be-
tween different area usually disappears.28 Moreover, there are 
lots of elderly in Seoul who were moved from rural area, so 
study participants in this study might cover both characteris-
tics of urban and rural area.29

In conclusion, our results on the DS performances suggest 
that both attention and working memory are influenced by 
age, education and gender. Moreover, education had a greater 
effect than age and gender. We provide reasonably compre-
hensive normative data of the DS for an educationally diverse 
elderly population. Given most previously published norms 
have been largely based on the highly educated elderly,16,25 the 
normative information presented in this report can be very 
helpful to properly interpret DS scores of older people, espe-
cially those with a poorer educational background.
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