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ABSTRACT: Working memory (WM) declines with age. However it seems unclear, whether age related
decline is more pronounced on verbal WM or on visuo-spatial WM. The present study compares the effect
of aging on verbal and visuo-spatial modality of WM on native Hindi healthy speakers, in the age range of
40-to-above 80 years. It was found that normal aging affect both the verbal and visual working memory in
similar way. Both modality declines with a similar rate up to 50-60 years and after 60 years relative saturation
in span take place. Although verbal WM span is higher than visuo-spatial WM span, but no significant
difference between verbal and visuo-spatial WM span were observed.
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Working memory (WM) is a capacity of an individual to
maintain temporarily a limited amount of information in
mind that support various abilities, including learning,
reasoning, and preparation for action [1]. Although, WM
active and relevant for a short period, but hold
remembered stimulus “on-line” to guide behavior in the
absence of external cues or prompts [2]. Various
theoretical frameworks have been proposed to
conceptualize the WM [1, 3-11]. Baddeley’s model has
been regarded as gold standard in the area of WM research
due to its ability to explain a majority of research data and
its relative simplicity [12]. This model described WM as
a multicomponent system consisted of phonological loop,
visuo-spatial  sketchpad and central executive.
Phonological loop temporarily stores verbal information
and responsible for rehearsing verbal information and
recycling to refresh the memory trace [13]. Whereas,
visuo-spatial sketchpad temporarily store and manipulate
spatial and visual information, e.g. remembering shapes,

colours and location [14]. Both are controlled and
regulated by central executive.

Nearly all measures of working memory developed to
date involved the measurement of span. Memory span is
the maximum amount of sequential information an
individual can remember accurately [15]. Amongst WM
span tasks, counting span, operation span, and reading
span tasks, is widely used to measure WM capacity.
Moreover these tasks require participants to listen and
recall serially the digits or letters. These verbal tasks are
considered as reliable and valid measures of WM capacity
[16]. Therefore, much more data are available from verbal
working memory tasks as compared to other measure of
WM capacity e.g., visuo-spatial WM span tasks [17, 18].
Amongst verbal working memory span tasks, the digit
span task is most commonly used measures of immediate
verbal  recall, attentional capacity and in
neuropsychological research and clinical evaluations [16].
However, visuo-spatial WM measure used jigsaw-puzzle
task [19], corsi’s test [20].
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Over the life span, WM increases at -early
development age [21, 22] and decreases with age in
adulthood [23]. Aging associated decline in WM is not
uniform. WM span has been found to increase upto the
age of 20 years, followed by decline [24]. WM may begin
to decline as early as the 30s, although initial decline may
be slight [25].

Moreover conflicting results have been observed on
comparing modality specific (verbal and visuo-spatial)
WM tasks. Some authors have observed higher aging
related decline for visuo-spatial WM than verbal WM [26,
27, 28]. In contrast, other studies reported more decline
for verbal modality WM span task compared to visuo-
spatial span tasks [19]. Apart from these, similar decline
in both modalities were also reported [29, 30, 31].

At this point it is worth mentioning that effect of age
on verbal and visuo-spatial WM appears to be less clear.
It is still a debated issue whether age related decline is
more pronounced on verbal WM or on visuo-spatial WM.
The present study attempts to compare the effect of aging
on verbal and visuo-spatial tasks modality of WM on
native Hindi healthy speakers, in the age range of 40-to-
above 80 years. WM hold the information and process it,
which is relatively not dependent on modality of incoming
information. Therefore, it was assumed that aging related
decline in WM should be independent of task modality.

Table 1. Example of verbal working memory span task.

MATERIALS AND METHODS
Participants

The current sample comprised of 80 native Hindi
speaking adults within the age range of 40 to above 80s
years. Sample was divided into five age groups. Group I:
aged 40-50 years (M = 45.12, SD = 2.7); Group Il: aged
51-60 years (M = 55.87, SD = 3.5); Group IlI: aged 61-70
years (M = 65.81, SD = 2.5); Group 1V: aged 71-80 years
(M =75.62, SD = 1.7); and Group V: aged above 80 years
(M =84.25, SD = 4.3). Each groups has equal number of
participants (n = 16).

All  the participants belonged to middle
socioeconomic class, as measured on Kuppuswamy’s
socioeconomic status scale [32]. All had education level
higher than 9 years in Hindi medium. Mean schooling
years for the sample was 11.08 (SD= 3.6). Participants had
no present/past history of any neurological, psychological
problems and or sensory deficits. It was ensured using
Hindi Mental State Exam [33]. Participants scoring
greater than or equal to 25 on the HMSE were taken up
for the study. Individuals with any Axis | psychiatric
diagnosis according to the DSM-IV-TR (APA, 2000)
[34], presence of dementia, and severe untreated sight and
hearing disorders were excluded from the study.

Set Stimulus Responses
el DFS DBS

1 (i) 23 23 v/ 43 v
(i) 64 64 v 74 v
(iii) 95 95 v/ 35 v
2 (i) 572 572 v/ 825 X
(ii) 682 686 X 566 X
(iii) 794 794 v/ 349 X

3 (i) 1758 1758 X

(ii) 6439 6439 v/

(iii) 8273 8273 X
SPAN 3 2

Sets of digit for digit forward span (DFS) and digit backward span (DBS) task are shown in stimulus column. Correct responses
marked as ‘v’ and wrong as ‘x’, shown in response column. Two out of three trials are correct up to a set of 3 digits and 2 digits
in DFS and DBS task respectively. Therefore, DFS is 3 and DBS is 2.
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Table 2. Mean (M) and SD of verbal and visuo-spatial WM span tasks across gender and age groups.

Age group Gender Verbal WM Visuo-spatial WM
DFS DBS VSFS VSBS
(Max.= 7) (Max.= 7) (Max.= 7) (Max.= 7)
N =80 N =80 N =80 N =80
M (SD) M (SD) M (SD) M (SD)
40-50 Male 6.50 (0.53) 4.89 (0.35) 4.0 (0.0 4.0 (0.0)
Female 5.75 (0.46) 4.39 (0.52) 4.50 (0.53) 4.50 (0.53)
Total 6.13 (0.61) 4.63 (0.5) 5.25 (0.68) 4.25 (0.44)
51-60 Male 6.0 (0.75) 3.75(0.70) 4.13 (0.64) 4.13 (0.64)
Female 5.25 (0.46) 3.87 (0.83) 3.50 (0.53) 3.50 (0.53)
Total 5.63 (0.71) 3.81 (0.75) 4.63 (0.88) 3.81 (0.65)
61-70 Male 4.50 (0.75) 3.38(0.52) 3.0(0.0) 3.00 (0.0)
Female 4.89 (0.64) 3.13(0.35) 3.25 (0.46) 3.25 (0.46)
Total 4.69 (0.7) 3.25 (0.44) 3.94 (0.57) 3.13 (0.34)
71-80 Male 4.88 (0.83) 3.38(0.52) 3.75 (0.89) 3.13(0.35)
Female 4.38 (0.74) 3.13(0.35) 3.38(0.51) 3.0 (0.0)
Total 4.63 (0.8) 3.25 (0.44) 3.56 (0.72) 3.06 (0.25)
Above 80s Male 5.0 (0.53) 3.62 (0.74) 3.38 (0.51) 2.87 (0.35)
Female 3.88 (0.64) 3.00 (0.0) 3.0(0.0) 2.75 (0.46)
Total 4.44 (0.81) 3.31 (0.6) 3.19 (0.4) 2.81(0.4)

Note: - DFS: Digit forward span; DBS: Digit backward span; VSFS: Visuo-spatial forward span; VSBS: Visuo-spatial

backward span.

Materials and procedures

Participation in the study was voluntary. Informed
consent form was obtained explaining about the
objectives, justifications, and procedures of this
investigation. Each participant was tested individually in
a single session of approximately one hour. Prior to verbal
and visuo-spatial WM tasks, demographic questionnaire
and the HMSE were completed. Presentation order verbal
and visuo-spatial WM task was counter balanced across
participants.

Verbal working memory (VWM) task: Digit span test-
This is a subtest of cognitive-linguistic assessment
protocol for adults (CLAP) in Hindi [35]. The test
comprised of digit forward span (DFS) and, digit
backward span (DBS). Participants were asked to verbally
repeat a set of digits in same sequence as the examiner in
DFS task, and in reverse order for DBS task. Test starts
from a set of 2 digits continuing to a maximum a set of 7
digits. Each set was trail thrice. Digits were presented at a
rate of one digit per second. VWM span was calculated as
a set of maximum digit, where two out of three trials were

repeated correctly (Table 1). Digit span ranged from 2 to
7. If a minimum span of 2 was not achieved 0 was scored.

Visuo-spatial working memory (VSWM) task: 5x5
matrices of blank squares were devised to assess VSWM
span (Figure 1). Sequences of dots were presented in
various squares, started with a set of two dots and
continued up to a set of seven dots. Task was to recall the
positions of those dots and indicate them in blank matrix.
Each dot was displayed for one second and no dot was
repeated in the same square in a set. Participants were
asked to recall the dots position in same sequence as
presented by examiner in visuo-spatial forward (VSF)
task. However, visuo-spatial backward (VSB) task needed
to recall the dots position in reverse order. Visuo-spatial
working memory span was calculated as similar to verbal
working memory span.

Prior to experiment two practice trials were provided
for familiarization with tasks. Experiments were carried
out in a quiet, noise free environment at home or clinical
setting. All the data was audio-video recorded with digital
camera (Sony 1080). Finally the 10 percent of the audio-
video recorded data were retested by three speech-
language pathologists for inter-judge reliability.
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Statistical analysis

The raw score of each individual was tabulated and
statistical analysis was computed using Statistical
Package for the Social Science (SPSS) version 17.0. A
descriptive statistics (mean and standard deviation) were
computed. Repeated measure ANOVA was used to
determine the degree of difference across visual and
verbal working memory tasks. Furthermore multivariate
analysis of variances (MANOVA) was performed to
determine the significance of differences across age group
and gender in both verbal and visuo-spatial working
memory tasks. Two-tailed tests and a significance level
of 0.05 were used throughout the study.

RESULTS

Verbal working memory (VWM) and Visuo-spatial
working memory (VSWM)

Mean and standard deviation (SD) of verbal WM
span (DFS & DBS) are shown in Table 2. DFS was higher
than DBS across all the age groups and a significant
difference was found between them. ANOVA revealed a
significant effect of age [F (4, 75) = 45.69, p < 0.01], and
span (DFS and DBS) [F (1, 75) = 287, p < 0.01] on VWM
span task. Furthermore a significant two-way interaction
was found between verbal WM task and span [F (1, 75) =
64.28, p < 0.01].

Table 4. Example of verbal working memory span task

Table 3. F and p-value for age group, gender and their
interaction on verbal (DFS & DBS) and visuo-spatial
(VSFS & VSBS) WM span tasks

Parameters F P- value
Age DFS 20.51 0.00%*
DBS 19.27 0.00%*
VSFS 30.59 0.00**
VSBS 3436 0.00**
Gender DFS 14.35 0.00%*
DBS 6.14 0.01*
VSFS 421  0.04%*
VSBS 0.07 0.78
Age * Gender DFS 3.01  0.02%*
DBS 1.13 0.34
VSFS 5.17  0.00**
VSBS 440 0.00%*

Note: DFS: Digit forward span; DBS: Digit backward span;
VSFS: Visuo-spatial forward span; VSBS: Visuo-spatial
backward span. *p < 0.05 = significant difference; **p<0.01
= highly significant difference.

Mean and standard deviation (SD) of visuo-spatial
WM span (VSFS & VSBS) are also shown in Table 2.
Similar to VWM, Visuo-spatial forward span was
significantly higher than backward span. Significant
effect of age [p < 0.01], and span (VSFS and VSBS) [p <
0.01] on VSWM was found.

Verbal WM Visuo-spatial WM
DFS DBS VSFS VSBS
Age 40-50 & 71-80 yr 40-50 & 71-80 yr 40-50 & 71-80 yr 40-50 & above
group 40-50 & above 80s  40-50 & above 80s 51-60 & 71-80 yr 80s, 51-60 &
pairs 51-60 & 71-80 yr 51-60 & 71-80 yr 51-60 & above 80s  71-80 yr, 51-60
51-60 & above 80s  51-60 & above 80s & above 80s

Note: - DFS: Digit forward span; DBS: Digit backward span; VSFS: Visuo-spatial forward span; VSBS: Visuo-spatial

backward span.

Aging and Disease ® Volume 4, Number 4, August 2013

173



N. Kumar & B. Priyadarshi

Differential effects of aging on working memory

A. Visuo-spatial forward span task

5 X Smatix (1) S X Smatnx (2) S X S matnx (3) Blank matrix

L [ 2

) o3

Stimulus sequences

(57
=Y
=

Correct response (1

B. Visuo-spatial forward span task

35X S matrix (1) SX Smatnx (2) 5 X 3 matrix (3) Blanl: matrix

L] [ 2

° *

Stinlus sequences Correct response (1 2 3)

Figure 1. Example of material used in visuo-spatial forward span task (A), and visuo-
spatial backward span task (B). Three dots are presented over three consecutive 5 x 5
matrices (1, 2, 3). Response was obtained in blank matrix. Numerical (1 2 3) in red colour

indicates the sequence of response obtained.

MANOVA revealed a significant effect of age group
[F (16, 280) = 5.5, p < 0.01], and gender [F (4, 67) = 4.06,
p < .01] on dependent measures of WM. F and p- value
of age and gender effect and their interaction on WM span
measures are shown in Table 3.

Comparisons of VWM and VSWM across age groups
are shown in Figure 2. VWM span was higher than
VSWM, but no significant difference [p = 0.12] was
found between them. Across VWM significant difference
was found between age groups, except 61-70 years and
40-50 years; 61-70 years and above 80s; 71-80 years and
above 80s. However across VSWM, significant
differences were observed between the age groups except
61-70 years and 71-80 years; 71-80 years and above 80s.

Forward span and Backward span

Comparison of mean forward span and backward
span in both verbal and visuo-spatial modalities across
age groups are shown in Figure 3. No significant
difference was found between verbal and visuo-spatial
modality for both forward span (DFS & VSFS) [p = 0.09]
and backward span (DBS &VSBS) [p = 0.07]. Significant
differences between age groups on DFS, DBS, VSFS and

VSBS over Bonferroni pair-wise comparison are shown
in Table 4.

Cronbach’s alpha coefficient for the VWM and
VSWAM tasks was 0.85 suggesting an adequate degree of
internal reliability.

6
5
4

g

£3

7]
2 -———VWM
1 VSWM
0

40-50 51-60 61-70 71-80 above
iy @ 3) () 80s (5)
Age Group

Figure 2. Verbal working memory (VWM) span and visuo-
spatial working memory (VSWM) span declines with aging.
Mean span on the Y-axis plotted against age groups in year on
the X-axis.
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Figure 3. Digit forward span (DFS), visuo-spatial forward
span (VSFES), digit backward span (DBS) and visuo-spatial
backward span (VSBS) declines with aging. Mean span on the
Y-axis plotted against age groups in year on the X-axis.

DISCUSSION

The present study investigated an effect of aging on WM,
in particular whether there is a differential effect of aging
on modality of information to be provided i.e., verbal or
visuo-spatial. Results revealed that both verbal and visuo-
spatial WM declines with aging and follow a similar
pattern of decline although the rate of decline was not
uniform. Pattern of decline might classify the adult life
span into two groups. First group below 60 years of age,
WM steep decline steeply. Second group above 60 years
of age, relatively no change in WM span.

Reduced sensory acuity is pervasive with normal
aging. Decline in sensory acuity might affect their
cognitive tasks performance [36, 37, 38]. It was observed
that participants above 61-70 years needed repetition of
digits even presented louder. Even they listened the digits
quite well to repeat them, had difficulty to memorizing
and recalling digits. Similar difficulties were observed for
visuo spatial tasks also. Pairwise comparison showed only
a significant difference between after 60 years of age
group and earlier age groups not amongst the age group
after 60 years or below 60 years. Moreover, similar
findings were found in previous studies that older adults
are relatively more impaired than younger adults in verbal
WM tasks [39, 40, 41, 42] and visuo-spatial WM tasks
[43, 44].

Both verbal and visuo-spatial WM modalities were
assessed for forward (DFS & VSFS) and backward span
(DBS & VSBS) tasks. Forward spans were higher than
backward spans in both modalities. Backward span task
performances are regulated and control by central
executive system [40]. Aging have a significant negative
impact on central executive. Consequently, rate of decline

for DBS should be more than DFS. But our result
suggests a similar pattern of decline for both forward and
backward span task. Moreover recent studies attributed a
similar finding [40, 42]. These studies reported that a
backward span task relies heavily on WM processing as
compared to forward span tasks. Along with storing
information as in the forward span, backward span needs
concurrent processing that leads to lower span. In visuo-
spatial the forward and backward span decline pattern was
not as similar as verbal modalities. The VSFS decline at
equal rate throughout 40-above 80 years. However, VSBS
follow the DBS pattern. The asymmetrical pattern of
decline might emphasize the differential role of central
executive between both tasks. DFS was found within
normal range of 5-8 digits [45]. However the DBS
approximate towards the lowest value of normal range
within 4-5 digits [46, 47]. Although, normative values for
visuo-spatial modality were not reported in literature the
VSFS and VSBS were found in the range of 3-4 and 2-4
respectively.

A parallel visuo-spatial version of the verbal WM
task was developed in terms of the task demand
characteristics, but verbal WM span was better than visuo-
spatial WM span. Moreover, difference between verbal
and visuo-spatial span was not statistically significant.
Slightly better performance in verbal tasks might be due
to difference between both modalities. Research
attributed to WM found that the visuo-spatial WM may be
much more limited in capacity than verbal WM [48]. If
both modalities are differ significantly in their capacity
then difference in span between these tasks should also be
large and statistically significant. However, results of
present finding violating the limited capacity view for
verbal WM.

Verbal tasks are better compatible with speech than
visuo-spatial tasks that help in retention of verbal
information. Consequently, higher verbal WM span than
visuo-spatial WM span across age groups. On the other
hand, symbol used for verbal (digits) and visuo-spatial
(dots) task modalities were different. Recalling positions
or locations of dot sequences are not as common as digits.
Consequently recalling dot involves more central
executive control [49]. Future study should control the
symbol used for assessing the WM ability in both
modality.

Another fact explaining the asymmetry could be due
to difference in rehearsal mechanism in both modalities.
Verbal domain has well-practiced internal rehearsal
mechanism using articulatory process of the phonological
loop for the maintenance, which might be lacking in
visuo-spatial domains [48]. In addition to that, visuo-
spatial domain contributes to a continuous image
generation process for overall image rather than for a
single location [50].
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Influence of symbols display in both modalities might
also influence the WM span performance cannot be
ignored [51]. Present study used the grid format for
displaying the sequences location of dot that provides
verbal re-coding of the locations of the dots. Contrary, our
result revealed that verbal recoding did not influence the
visuo-spatial WM task as compared to verbal tasks, as
visuo-spatial span is lower than verbal span. Previous
studies using a grid arrangement for visuo-spatial tasks
have reported that task is sensitive to spatial movement
rather than verbal dual tasks [52, 53]. Future study of
visuo-spatial task should be carried out in absence of grid
format for displaying the symbols to minimize
phonological recoding.

CONCLUSION

The results of this study present some important facts.
Normal aging affect both the verbal and visual working
memory in relatively similar way. Both domains decline
gradually up to 50-60 years, and after 60s relative
saturation in span takes place. There is no significant
difference between verbal and visuo-spatial WM span, but
verbal WM span is relatively higher than visuo-spatial
WM span. Apart from this, the study provides a data base
for the working memory span of native healthy adult in
both domains that might help in differentiating the normal
versus pathological aging.
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