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» Demographic variables are often correlated with performance in various cognitive domains.

» Participants’ scores in the digit span test show a negative and positive correlation with the two variables of age and

education level, respectively.

» Participants under 40 have significantly higher scores than older participants.

Introduction

s an interdisciplinary science, neuropsy-

chology aims to identify the relationship

between the brain and behavior, specifically

the effects of brain functioning on mental

and behavioral processes [1]. It is one of the
most important scientific fields with advanced methods
that are expected to help measure and make decisions
about the diagnosis, rehabilitation and treatment plan-
ning, forensic determination, educational planning, the
baseline of function for subsequent testing, capacity for
independent living, pre and post-medical intervention,
and localization of a lesion [2]. Although one of the im-
portant goals of neuropsychology at the beginning was
to help localize brain lesions, with the advent and de-
velopment of imaging technologies, the primary goals
of neuropsychology have expanded and leaned to under-
stand the behavioral and cognitive effects of brain func-
tion and dysfunction [3]. Neuropsychology often uses
assessment tools to achieve its goals [4]. These tools,
often self-administered or clinician-administered, are
designed to give a specific or comprehensive picture of
people’s behavioral and cognitive abilities and capacities
[5]. The findings of such evaluations have significant
clinical or prognostic value, especially for people with
neurocognitive problems and can be effective in improv-
ing treatment or prevention [6].

Typically, the domains measured by neuropsychologi-
cal tools include attention, language, visuospatial, mem-
ory and executive functions [7, 8]. Although it is desir-
able that neuropsychological tools precisely measure a
specific ability or domain, due to the complexity of these
abilities and the relatively extensive involvement of brain
areas in performing various neurocognitive functions, in-
cluding higher brain functions, neuropsychological tools
often measure multiple skills at the same time [7, 8]. The
digit span test (DST) is one of the most widely used neu-
ropsychological tools that is usually used to measure at-
tention, working memory, and immediate recall [9, 10].

In the last few decades, an extensive literature has been
produced about its psychometric properties and clinical
and research applications [11]. Based on the survey con-
ducted by the National Academy of Neuropsychology
and the International Neuropsychological Society (INS),
DST was the most frequently used measure of attention,
concentration and working memory [2]. The test consists
of two parts or modalities: Forward and backward. In
the forward digit span test (fDST), different sequences
of digits are read to the subjects, and they are asked to
repeat them. In the backward digit span test (bDST), the
subjects are asked to repeat the digits in reverse (from
the last to the first). The cognitive functions measured in
the forward and backward subtests differ. While fDST
primarily measures attention-related abilities, bDST as-
sesses working memory [12].

DST is one of the subtests of two well-known scales
of intelligence and memory: The Wechsler adult intel-
ligence scale (WAIS) and the Wechsler memory scale
(WMS) [13]. Also, it has been widely used both inde-
pendently and as part of various neuropsychological test
batteries. The DST has been used to assess attention and
working memory in a wide range of diseases, such as
Alzheimer [14], epilepsy [15], mild cognitive impair-
ment [16], and schizophrenia [17]. Also, the cognitive
performance of normal people, such as drivers [18],
veterans [19], and pilots [20], are measured using DST.
In addition, DST has been used in different age groups,
including children [21], adults [22] and older people
[23]. Besides the independent application of DST, it is
included as one of the subtests of several neuropsycho-
logical test batteries, such as the neuropsychological test
battery from the uniform data set of the alzheimer dis-
ease centers [24], the Toronto cognitive assessment for
detecting amnestic mild cognitive impairment [25] and
the Chinese brief cognitive test [26].
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Although some tests, including digit-based measures,
are less dependent on culture than others, gathering nor-
mative data based on demographic variables is neces-
sary to understand better and measure the possible defi-
cit [7]. According to the search in scientific databases,
there have been many studies to collect normative data
on attention and working memory performance in the
DST in different languages such as English [27], Fili-
pino [28], Spanish [29], Dutch [30], Arabic [31] and
Korean [32]. Although the results regarding the effect
of gender on performance in DST are heterogeneous,
many normative data studies indicate that increasing age
and education have decreasing and increasing impacts
on performance in the DST, respectively [28-32].

Among the common problems faced by neuropsy-
chologists in evaluating the psychological and behav-
ioral changes of the brain and related disorders in many
countries are 1) Insufficient normative data for neuro-
psychological tools in their countries, 2) Inapplicability
of language-based neuropsychological tools for illiterate
patients, 3) High cost and 4) Lack of cultural adaptations
[33]. Neuropsychological assessment in Iran also faces
such problems, and many neurocognitive assessment
tools lack Iranian normative data, so the examiner may
have to refer to normative data collected in developed
countries (mainly North America) to perform neuropsy-
chological assessment of people with typical or atypical
brain functioning. To the best of our knowledge, despite
the high importance and widespread use of the DST, its
normative data has not yet been collected separately and
independently in Iran. This test has the advantage of be-
ing independent of literacy and inexpensive to adminis-
ter. Also, it does not require cultural adaptation due to
its reliance on a few digits that are presented audibly.
Considering the increasing use of neuropsychological
evaluations and the need to access regional normative
data, the present study aimed to 1) Collect the normative
data appropriate to the Iranian population, 2) Cover a
longer age range (ages 20 to 70) and 3) Have both gen-
ders equally present in the study sample. In addition to
the above objectives, we sought to find whether, like
some normative data in the populations of other coun-
tries [28-32], demographic variables of age, gender, and
education affect the neurocognitive functions of atten-
tion and working memory assessed by the DST in the
Iranian population.

aspian Journal of
Neurological Sciences

Materials and Methods
Study data

The present study was conducted in 2017-2018 as part
of the Iranian brain imaging database (IBID) project to
collect normative measures of the structural and func-
tional properties of the brains of Iranian normal people
for future investigation and interventional purposes [34-
36]. To complete these normative data, a series of well-
known and widely-used neuropsychological tests were
implemented on the Iranian normal population. The
tests were performed in the same order and on one day.
As aresult, a considerable neural and cognitive database
was gathered for further analysis. DST was one of the
cognitive tests that was performed to evaluate working
memory and attention. The research sample consisted
of 300 normal people aged 20 to 70. Each decade con-
sisted of 60 participants, and the gender proportion was
equal. In addition, according to some previous studies
on neuropsychological measures [37, 38], two levels
of diploma/sub-diploma and higher diploma were used
to investigate the effect of education level on the DST
scores. Five decades of age (20 to 70 years old), gender,
and years of education were the independent variables,
and scores obtained in DST (defined as two scores of the
longest digit sequence and total digit span obtained in
two subtests of forward DST and backward DST) were
the dependent variable.

Study procedure

The recruitment of participants in the research was
based on advertisements in local media and social net-
works (for more complementary information, see Ba-
touli et al. [34], Sisakhti et al. [35, 36] and Batouli and
Sisakhti [39]). To exclude individuals with cognitive,
medical, and mental health problems, all participants
were interviewed twice by a general practitioner and a
trained cognitive psychologist. In addition, after enter-
ing participants in the study and gathering their data, if
the obtained scores in cognitive and mental health tests
were extreme outliers (>3.3> standard deviations), they
were excluded from the sample [34-36]. The inclusion
criteria were speaking fluently in Farsi, having the abil-
ity to read and write, and being between 20 and 70 years
old. The exclusion criteria consisted of having a history
of consuming illicit drugs, systemic, psychiatric, and
neurological illness, the current use of any medication
affecting neurocognitive performance and visual and
auditory defects affecting performance in tests. Due to
the duration of the project and the necessity of a long
presence of the participants, a small gift was given to
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them. Participants entered the study voluntarily and
signed a written consent before implementing the study
measures. The present study was approved by the Eth-
ics Committee of the National Institute for Medical Re-
search Development (NIMAD) (for more information
on the IBID project, inclusion and exclusion criteria and
methods, see Batouli et al. [34]).

Study measure

The DST measures working memory and attention,
which was first developed as one of the subscales of
WAIS and WMS [13]. In addition, it is implemented
as an independent test or one of the subtests of several
neuropsychological test batteries in clinical and research
settings [24-26]. The subject must remember and repeat
the digits read by the examiner in the correct order. Cor-
rect answers require a two-step process. First, the dig-
its must be received carefully, which requires attention
and decoding. Second, the subject must remember the
digits correctly, consider their order and sequence, and
pronounce them. The DST consists of two modalities:
Forward (fDST) and backward (bDST). In the fDST, the
subject is asked to repeat the numbers read by the ex-
aminer in the same order, while in the bDST, the subject
must say the digits in reverse order (from end to begin-
ning). In the forward subtest, the number of digits in each

July 2024, Volume 10, Issue 3, Number 38

string increases from 3 to 9 and in the backward subtest
from 2 to 8. The testing is stopped when the subject can-
not answer correctly in two consecutive trials [40]. The
fDST is an easier task for subjects than the bDST. The
subject has to keep the information in memory longer
than the fDST and change their order before retelling it.
Better performance in the bDST may indicate a person’s
ability to be flexible, focused and resilient under stress.
A higher score on backward digits may also be related to
the ability to form, hold and scan visual mental images
from auditory stimuli [13]. This subtest is highly vulner-
able to anxiety. A huge difference between direct and re-
verse numbers can be a marker of organic brain damage.
While the low score of forward digits is more likely to
be seen in the left hemisphere lesion, the low score in the
case of backward digits is more likely to be observed in
the right frontal lesion [13].

Statistical analysis

To analyze the research data, after describing the sub-
jects by descriptive statistics using central (Mean+SD)
indicators (Table 1), Pearson's and Spearman's correla-
tion coefficients were used to determine the correlation
of age with the DST scores and the correlation of educa-
tion and gender with the DST scores, respectively (Table
2). Levene’s test was used to examine the homogeneity

Table 1. Central and dispersion indicators of the DST performance classified by age, gender and education

fDST bDST
Variables Longest Digit Sequence Total Digit Span Longest Digit Sequence  Total Digit Span
MeantSD Range MeantSD Range  MeantSD Range MeantSD Range

20-30* 5.97+0.97 4-8 9.12+1.77 6-14 5.26+1.16 3-9 7.35+£2.07 3-13
31-40* 6.00£1.39 4-13 8.94+1.91 5-14 5.12+1.34 39 6.81+1.97 3-12
Age (y) 41-50% 5.30+1.18 3-9 7.52+1.71 4-12 4.17+1.00 2-8 5.44+1.47 2-11
51-60* 5.15+1.00 3-8 7.26+1.68 4-12 4.09+£1.00 2-7 5.22+1.70 1-10
61-70* 4.89+0.99 3-6 6.89+1.49 4-9 3.97+1.15 2-6 491+1.70 1-8
Male 5.62+1.07 4-9 8.20+1.89 4-14 4.56%1.30 2-9 6.01+2.02 1-13

Gender
Female™ 5.47+1.32 3-13 8.00+2.00 4-14 4.65+1.23 2-9 6.17+2.05 2-11
<12 (n=76) 5.17+1.07 3-9 7.28+1.64 4-12 4.10£1.09 2-8 5.09+1.50 2-10

Education

>12 (n=224) 5.60+1.14 3-9 8.31+1.98 4-14 4.70+1.23 2-9 6.38+2.10 1-13
Total 5.54+1.21 3-13 8.09+1.95 4-14 4.60+£1.26 2-9 6.09+2.03 1-13

Abbreviations: fDST: Forward digit span test; bDST: Backward digit span test; DST: Digit span test.
=50, #n=150.

Sisakhti M, et al. Iranian Normative Data for the Digit Span Test. Caspian J Neurol Sci. 2024; 10(3):198-209.



http://cjns.gums.ac.ir/

¢ Caspian Journal of
/ Neurological Sciences

July 2024, Volume 10, Issue 3, Number 38

Table 2. The Pearson and Spearman correlation coefficients

fDST bDST
Variables Longest Digit Sequence Total Digit Span Longest Digit Sequence Total Digit Span
Coefficient Sig. Coefficient Sig. Coefficient Sig. Coefficient Sig.
Age® -0.344™ 0.000 -0.440™ 0.000 -0.414™ 0.000 -0.457" 0.000
Gender® -0.072 0.277 -0.045 0.450 0.059 0.322 0.058 0.329
Education® 0.184™ 0.002 0.239™ 0.000 0.227 0.000 0.286™ 0.000

fDST: Forward digit span test; bDST: Backward digit span test.

“Correlation is significant at the 0.01 level (2-tailed), *Pearson correlation coefficient; "Spearman correlation coefficient.

of variances (Table 3). In addition, multivariate analysis
of variance (MANOVA) was used to explore the dif-
ferences between the subjects in terms of age, gender,
education, and the interaction of these variables in the
DST scores (Tables 4 and 5). Also, Tukey's post hoc test
was used to investigate the difference between each age
group and other groups in each score (Table 6). A P<0.05
was considered statistically significant.

Results

The total number of participants was 300. The sample’s
age range was 20-70 years, with 60 participants in each
decade of age and an equal proportion of genders in each
group. Most participants had a diploma and BS or MS,
and the frequency of participants with under-diploma or
doctorate education was low.

The Mean+SD of the total digit span in the f{DST were
8.09 and 1.95 and the longest digit sequences were 5.54
and 1.21, respectively. Also, in bDST, the Mean+SD of
the total digit span were 6.09 and 2.03, and the longest
digit sequences were 4.6 and 1.26, respectively. Table
1 shows the participants’ Mean+SD and minimum and
maximum scores (range of changes) classified by age,
gender, and education. As can be seen, in most cases,
with increasing age, the total digit span scores and the

Table 3. Test of homogeneity of variances

longest digit sequence of participants in both subtests
have decreased. Also, participants with more than 12
years of education had higher scores in both the total
digit span and the longest digit sequence.

As shown in Table 2, the Pearson correlation coeffi-
cient reveals that age has a significant reverse correlation
with the total digit span and the longest digit sequence
in both subtests (P=0.01). This means that the total digit
span and the longest digit sequence of the fDST and the
bDST decreased with age. Also, the Spearman correla-
tion coefficient shows that education has a significant
direct correlation with the total digit span scores and
the longest digit sequence in both tests (P<0.01), which
means that the total digit span and the longest digit se-
quence of the fDST and bDST increase with increasing
education. However, based on the Spearman correlation
coefficient, no significant correlation was observed be-
tween gender and scores (P>0.05).

Levene’s test was used to examine the homogene-
ity of variances. Based on this test, the assumption of
homogeneity of variances in the case of the total digit
span (P=0.562) and the longest digit sequence (P=0.616)
of the fDST, and the total digit span (P=0.264) and the
longest digit sequence (P=0.149) of the bDST were con-
firmed (Table 3).

fDST bDST
Variables
Longest Digit Sequence Total Digit Span Longest Digit Sequence Total Digit Span
Levene statistic 0.877 0.920 1.349 1.188
Sig. 0.616" 0.562" 0.149" 0.264"
fDST: Forward digit span test; bDST: Backward digit span test. ©CINS

"Significant at 0.05 level.
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Table 4. Multivariate analysis of variances of demographic categories and digital span test scores

Effect F Hypothesis df Error df P Partial n?
Age 1.796 20.000 830.106 0.017 0.035
Gender 1.965 4.000 250.000 0.100 0.030
Education 5.587 4.000 250.000 0.000 0.082
Agexgender 1.731 20.000 830.106 0.024 0.033
Agexeducation 1.483 20.000 830.106 0.079 0.029
Genderxeducation 0.469 4.000 250.000 0.758 0.007
Agexgenderxeducation 1.144 16.000 764.400 0.309 0.018

@ICINS

As shown in Table 4, MANOVA displays a signifi-
cant difference in the DST scores between different
age groups (F=1.796, P=0.017) and education levels
(F=5.587, P=0.0001). In contrast, this difference does
not exist between the two genders (F=1.965, P=0.1).
The difference in the DST scores is seen between men
and women in different age groups (F=1.731, P=0.024).
At the same time, there was no difference among par-
ticipants with academic education and those with sub-
academic education in age groups (F=1.483, P=0.079)
and between the two genders (F=0.469, P=0.758). Also,
the interaction of age, gender and education did not lead
to a significant difference in the DST scores (F=1.144,
P=0.309).

Table 5 shows the differences between participants in
different demographic categories in terms of the total
digit span and the longest digit sequence of two subtests
of the DST. As seen, participants of five age groups have
significant differences in all four DST scores (the fDST
longest digit sequence: F=2.664, P=0.023; the fDST to-
tal digit span: 3.859, P=0.002; the bDST longest digit
sequence: F=2.663, P =0.023 and the bDST total digit
span: F=3.354, P=0.004). Women and men have a signif-
icant difference in the bDST longest sequence (F=4.536,
P=0.034), which according to Table 1, Mean+SD of men
(4.65+1.23) have a higher score than Mean+SD of wom-
en (4.56+1.30). However, there was no difference in the
fDST total digit span (F=0.190, P=0.663), the fDST lon-
gest digit sequence (F=0.104, P=0.747) and the bDST
total digit span (F=3.7, P=0.056) among women and
men. Participants with academic education differed from
those with sub-academic education in terms of all scores
(the fDST longest digit sequence: F=8.109, P=0.005;
the fDST total digit span: F=11.493, P=0.001; the bDST
longest digit sequence: F=17.551, P=0.001 and the

bDST total digit span: F=20.856, P=0.000). According
to Table 1, participants with an academic education (the
fDST Mean+SD longest digit sequence: 5.60+1.14; the
fDST Mean+SD total digit span: 8.31+1.98; the bDST
Mean+SD longest digit sequence: 4.70+1.23; and the
bDST Mean+SD total digit span: 6.38+2.10) in all scores
were higher than those with sub-academic education (the
fDST Mean£SD longest digit sequence: 5.17+1.07; the
fDST Mean+SD total digit span: 7.28+1.64; the bDST
Mean+SD longest digit sequence: 4.10+1.09; and the
bDST Mean+SD total digit span: 5.09+1.50). Men and
women in different age groups also differed from each
other in terms of the fDST longest sequence (F=2.382,
P=0.039) and the bDST longest sequence (F=3.253,
P=0.007). Also, the participants with academic educa-
tion were different from those with sub-academic educa-
tion in different age groups in terms of the bDST total
digit span (F=3.17, P=0.009) and the bDST longest digit
sequence (F=2.29, P=0.046).

Table 6 presents the results of the Tukey post hoc test
to examine the differences in the DST scores in the age
groups of participants. In both DST subtests, participants
under 40 had significantly higher total digit span and
longest digit sequence than older participants (P<0.05).
However, participants aged 40 to 70 did not differ in this
respect (P>0.05).

Discussion

In this study, we aimed to collect Iranian normative
data on one of the most well-known and widely-used
tests of working memory and attentional capacity. We
also examined whether the three demographic variables
of age, education, and gender affect the performance of
normal people in the forward and backward subtests of
DST. Our findings showed that age had a significant
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Table 5. Multivariate analysis of variances of demographic categories and fDST and bDST scores

Source Dependent Variables df Mean F P Partial n?
Square

Longest digit sequence 5 2.957 2.664 0.023 0.050

fDST
Total digit span 5 11.680 3.859 0.002 0.071

Age

Longest digit sequence 5 3.146 2.663 0.023 0.050

bDST
Total digit span 5 11.313 3.542 0.004 0.065
Longest digit sequence 1 0.115 0.104 0.747 0.000

fDST
Total digit span 1 0.575 0.190 0.663 0.001

Gender

Longest digit sequence 1 5.358 4.536 0.034 0.018

bDST
Total digit span 1 11.817 3.700 0.056 0.014
Longest digit sequence 1 9.003 8.109 0.005 0.031

fDST
Total digit span 1 34.791 11.493 0.001 0.043

Education

Longest digit sequence 1 20.732 17.551 0.000 0.065

bDST
Total digit span 1 66.615 20.856 0.000 0.076
Longest digit sequence 5 2.645 2.382 0.039 0.045

fDST
Total digit span 5 5.412 1.788 0.116 0.034

Agexgender

Longest digit sequence 5 3.843 3.253 0.007 0.060

bDST
Total digit span 5 5.139 1.609 0.158 0.031
Longest digit sequence 5 2.312 2.083 0.068 0.040

fDST
Total digit span 5 4.302 1.421 0.217 0.027

Agexeducation

Longest digit sequence 5 3.745 3.170 0.009 0.059

bDST
Total digit span 5 7.313 2.290 0.046 0.043
Longest digit sequence 1 0.064 0.058 0.811 0.000

fDST
Total digit span 1 0.557 0.184 0.668 0.001

Genderxeducation

Longest digit sequence 1 0.011 0.009 0.923 0.000

bDST
Total digit span 1 0.196 0.061 0.805 0.000
Longest digit sequence 4 0.677 0.609 0.656 0.010

fDST
Total digit span 4 0.743 0.246 0.912 0.004

Agexgenderxeducation

Longest digit sequence 4 1.297 1.098 0.358 0.017

bDST
Total digit span 4 3.046 0.954 0.434 0.015

fDST: Forward digit span test; bDST: Backward digit span test.
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Table 6. Significance of mean differences in the age groups (Tukey post hoc)

Variables LEETT e
Age Longest Digit Span Total Digit Span Longest Digit Sequence Total Digit Span
| ) MM, SE Sig. MM, SE Sig. MM, SE Sig. MM, SE  Sig.
31-40 0.119 0.188 0.989 0.273 0.311 0952 0.328 0.195 0.542 0.620 0.320 0.381
41-50 0.684° 0.186 0.004 1.631° 0.308 0.000 1.087° 0.192 0.000 1.909° 0.316 0.000
20-30

51-60 0.799° 0.195 0.001 1.840° 0.322

61-70 1.036° 0.233 0.000 2.190° 0.384

41-50 0.564° 0.190 0.038 1.358" 0.314
31-40 51-60 0.680° 0.199 0.009 1.567° 0.328

61-70 0917° 0.236 0.002 1.917° 0.389

51-60 0.116 0.196 0992 0.209 0.324
41-50

61-70 0.352 0.234 0.660 0.559 0.386

51-60 61-70 0.237 0.241 0923 0350 0.398

0.000 1.186° 0.201 0.000 2.165° 0.331 0.000

0.000 1.228" 0.240 0.000 2.387° 0.394 0.000

0.000 0.759" 0.196 0.002 1.289" 0.322 0.001

0.000 0.858" 0.205 0.001 1.545° 0.337 0.000

0.000 0.900° 0.243 0.004 1.767° 0.400 0.000

0.987 0.099 0.203 0.997 0.256 0.333 0.973

0.698 0.141 0.241 0.992 0.478 0.396 0.834

0.951 0.042 0.248 1.000 0.222 0.408 0.994

fDST: Forward digit span test; bDST: Backward digit span test.

"Mean difference is significant at the 0.05 level.

negative correlation with both fDST and bDST, which
means that the performance in DST decreased with age.
Unlike age, education had a significant positive corre-
lation with both subtests, which means that the perfor-
mance in DST increases with increasing education level.
However, there was no significant correlation between
gender and DST scores. In addition, MANOVA showed
a significant difference in DST scores between different
age groups and education levels, with no difference be-
tween the two genders.

Our study demonstrated that the performance in DST
as a measure of memory span and attentional capacity
declines with age. The literature shows the significant
effects of some demographic variables like age on differ-
ent domains of cognitive functioning [41]. In particular,
it has been demonstrated that aging is associated with
performance decline in some cognitive capacities and
functions [24, 41]. A study of 723 normal Chinese adult
participants found that younger adults performed better
on DST [41]. In another study of 164 individuals without
cognitive complaints, age showed an inverse correlation
with the scores obtained in DST, while education and
gender did not have a significant relationship [31]. A
decremental effect of age on DST performance at older
ages has also been reported. A study of 3268 cognitively
normal older adults found that increasing age is related

'CIJNS

to decreasing DST scores [24]. Also, in a study of 784
people aged 60-90 without serious neurological, medical
and psychiatric complaints, DST performance decreased
with older age [32].

Despite many studies favoring the decremental effect
of aging on DST performance, some studies have not
shown such an effect. In a sample of Spanish-speaking
normal people over 55, age was not correlated to the
DST performance [29]. Another study investigating the
effect of increasing age on the cognitive functioning of
658 adults aged 60-84 found that increasing age did not
affect DST performance [42]. In addition, in a study of
332 cognitively normal Spanish adults, no decremental
effect of age was found [43]. This finding was repeated
in two other studies on Hispanic adults aged 75-19 years
[44] and 75-16 years [45]. In explaining the findings re-
lated to the lack of association between age and DST
performance, some researchers have pointed out the
simplicity of responding to DST stimuli and the differ-
ence in the research samples. It has been suggested that
tests like DST are simpler than more complex tests like
the symbol digit modalities test, and the effect of age is
less visible [46].
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According to our other finding, higher levels of edu-
cation are associated with increased participants’ perfor-
mance in DST. This finding is consistent with the results
of many studies [43, 44, 41, 32, 24]. The relationship be-
tween education and DST performance is strong in many
studies, and it is even observed without an association
between age and DST scores. A study of 2574 Spanish-
speaking participants found that the level of education
is a stronger predictor of performance than age in both
fDST and bDST [38]. In Spanish multicenter normative
studies (NEURONORMA project) on 354 cognitively
intact participants aged 50 to 90, although both age and
education were related to performance on DST, the ef-
fect of education was greater than age [46]. In a sample
of Spanish-speaking normal people over 55, age and
gender were unrelated to fDST and bDST, and education
was significantly associated with both modalities [22].
The effect of education on DST performance is so strong
that even in people over 100 years of age (centenarians),
this significant association has been observed [30].

In general, although some studies have documented
the cognitive similarities of the two genders more than
their differences [47], gender differences in various
neuropsychological domains have been systematically
reported in the literature [48]. However, our findings
showed no association between DST performance and
gender. The effect of gender on DST performance has
been controversial in the literature [32]. Many studies
have not reported such an effect [32, 43, 24]. A study
of 723 normal Chinese adult participants found no sig-
nificant difference between the two genders in DST per-
formance [41]. Also, in a sample of Spanish-speaking
normal people over 55 years old, gender was unrelated
to fDST and bDST [22]. In another study, researchers
examined the question of whether gender differences in
working memory are related to the nature of the stimuli
(verbal vs visuospatial). These researchers used forward
and backward modalities of two working memory tests
(Corsi block-tapping test with visuospatial stimuli and
DST with verbal stimuli) to investigate this question.
Their findings showed that both genders had no signifi-
cant difference in fDST and bDST, while in the Corsi
test, a significant difference was observed between them
[49]. Men’s superiority in visuospatial processing over
women has been proposed to explain such findings. This
superiority can have an evolutionary origin [50]. More
findings in support of this finding are obtained from
studies that show that men have a significant advantage
over women in tasks that require mental rotation [51].

¢ Caspian Journal of
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A final point is worth noting here. One obvious benefit
of providing normative data is that it can be used to in-
terpret individual scores. Since most neuropsychologi-
cal tests are standardized on normal populations, report-
ing the Mean+SD of the normative sample often allows
a comparison between individual and normative scores.
According to the commonly recommended rule in inter-
preting neuropsychological tests, 1.5 standard deviations
below the normative mean indicate that a person’s perfor-
mance was worse than approximately 93.3% of the nor-
mative sample. According to this rule, -1.5, -1.7,-2.0, -2.5
and -3.0 standard deviations below the normative mean
will indicate mild, mild to moderate, moderate, severe and
most severe levels of impairment, respectively [52].

Conclusion

In sum, our study, in addition to providing normative
data for the well-known and widely-used measure of at-
tention and working memory, the DST, showed that the
two demographic variables of age and education sig-
nificantly correlate with the fDST and bDST modalities.
In contrast, gender did not show such an association.
Considering the rapid aging of the population in Iran
and the need for neuropsychological tools for diagnosis,
treatment, prevention, and rehabilitation, our results help
clinicians interpret the results of neuropsychological
tests more accurately and reduce the possibility of false
diagnoses of cognitive impairment. The findings of our
study emphasize the importance of clinicians’ access to
appropriate normative data for the Iranian population.

Limitations and future research

There are several limitations in our study. First, the ed-
ucation level of most participants in the study was higher
than the diploma, and there were very few participants
with an education lower than a diploma. The presence of
equal or relatively equal proportions of participants with
different levels of education in future studies can help to
generalize the obtained results. Second, the sample used
in our study was relatively small. This sample size may
not be enough to generalize the results to the healthy Ira-
nian population. It is recommended that a larger sample
be used in future studies to collect normative data on the
Iranian population. Third, the research sample was ana-
lyzed based on the three variables of age, sex, and educa-
tion without differentiating them based on ethnicity, race,
socioeconomic status and cultural factors. Considering
the variables of ethnicity, race, socioeconomic status,
and cultural factors may be important to collect norma-
tive data. Classifying the research sample based on the
above variables in future studies can increase our under-
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standing of the effect of different demographic variables
on cognitive performance. It can provide more accurate
normative data for clinical and research settings.
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