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ABSTRACT
The global population is aging. As people age, they typically experience gradual changes in hearing, vision,

coordination, balance, working memory, and cognitive function. Products, communication materials, and

information provision are often accommodated for older adults. In this study, we examined various information

delivery methods and their association with older adults’ working memory and cognitive function (N=18; 10 women).

Participants completed tests or followed instructions that consisted of either only figures, only words, or a

combination of both figures and words. First, concerning working memory, six well-known information symbols were

shown to participants in one of three patterns. Each pattern was displayed on a screen for 20 sec, and working

memory was measured as the number of correct items participants recalled. Cognitive function was assessed by

participants’ ability to construct three different objects (giraffe, flower, and tulip) using blocks. Participants were

presented with various forms of instruction concerning how to build the objects-pictures only, words only, or both

pictures and words. Results revealed that the total number of items recalled were 4.3 ± 1.4, 3.1 ± 1.1, and 3.9 ± 0.8 for

figures only, words only, and both figures and words, respectively (χ2=10.13, p=0.006). Higher working memory

scores were associated with “figure only” and “figures and words” as compared with the “words only” method.

Regarding comprehension, higher scores were associated with “figures and words” instructions as compared to the

“figures only” and “words only” instructions. In conclusion, information provision for older adults should be simple

and easy, visuals should be employed, and supplemental information should be explained in words to avoid any

misunderstandings.
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INTRODUCTION

Brain functional changes during aging affect multiple aspects of
life, such as the ability to perform physical tasks, exercise, and
perform cognitive functions [1,2]. Distinct changes in cognitive
function that are commonly affected by aging include attention,
memory, comprehension, processing visuospatial cues, decision-
making, and problem solving [3]. Age-related decline in language
processing sometimes occurs because of age-related decline in

working memory, and age-related speech impairment might be
associated with frontal lobe function [3]. Declines in memory
and comprehension are natural consequences of aging; however,
these declines can vary in severity and sometimes present in the
form of mild cognitive impairment (MCI) [4,5]. Cognitive
function, as measured by the Mini-Mental State Examination
MMSE-J, often decreases with age. Previous reports suggested
that the MMSE-J scores are strongly related to age [6].
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Comprehensive physical training can improve MMSE scores of
patients with Alzheimer’s disease (AD), and it can improve the
auditory and verbal skills and short-term and subjective memory
in patients with an MCI [7]. Memory is classified as short-term
memory (STM) and long-term memory (LTM) [8]. STM is
transiently obtained by the sensory neurons and used for the
recognition of continual phenomena such as movies and
conversation. STM is maintained for 20 s and enables one to
remember, for example, 5-9-digit numbers (e.g., a phone
number). Conversely, LTM is retained in the brain and lasts for
years. STM is a facet of working memory, which underpins
conversation, reading, writing, and calculation-all of which are
vital in individuals’ daily lives.

Working memory is a cognitive process and involves temporarily
holding information in the brain for further informational
processing [9]. Accumulated evidence in anatomical and
cognitive neuroscience has resulted in hypothetical models that
address how working memory works. In 1974, Baddeley and
Hitch posited a multi-component model of working memory
[10]; specifically, two slave systems (i.e., phonological loop and
visuo-spatial function) temporally hold and operate the
information that is controlled by the central executive in the
brain. The phonological loop includes inner self-talk (e.g.,
repeating something in your mind) to maintain information in
one’s STM. The visuo-spatial function serves as a visual system
(e.g., shape, color, and texture) and spatial system (e.g., position)
for the brain. The central executive system refers to paying
attention to a subject and controlling these two slave systems for
short-term working memory.

As another model for working memory, in 2005, Ericsson and
Kintsch hypothesized that working memory is a part of LTM
[11]. For example, when a person pays attention to a subject
(e.g., a four-digit number), he or she memorizes the subject as a
“chunk”-the four-digit number is one chunk and retained with
other chunks in multiple layers of the brain cortex. In this
system, working memory serves as retrieval cue for LTM. Hence,
these systems for working memory are critical for information
processing; however, they degrade during aging [12]. Especially,
working memory related to visual and spatial function tends to
decline [13]. Many studies have investigated approaches for
improving memory and comprehension [14,15]. Some games, as
well compassionate support and care from family members, can
activate higher brain function and inhibit age-related cognitive
decline [16,17]. However, not all older adults necessarily benefit
from these approaches. In addition, many older adults live alone
and are not financially secure. Although some training methods
have been shown to be effective, cognitive plasticity is limited
[18]. On the other hand, some preclinical trials have been
applied to help older adults’ recover brain function; although,
this has been difficult.

In this study, we hypothesized that the efficient presentation of
subjects (e.g., numbers, messages, and materials to provoke
phonological loop and visual-spatial function), will underpin
older adults ’  declining comprehension and memory.
Consequently, we examined what information delivery methods
make it easier for older adults to understand and remember.
Our findings will be helpful for efficient informational

processing in memory degradation and support the
comprehension of older adults.

MATERIALS AND METHODS

Participants and recruitment

Eighteen individuals (10 women) engaging in agriculture were
recruited from the Agricultural Cooperatives in Sakahara town,
Nara, Japan. Participants were divided into three groups (A, B,
and C) randomly. All participants had no difficulties with
writing, hearing, vision, or activities of daily living. The Ethical
Committee of Kyoto University(no. E1983) approved this study.
Administration procedures were conducted according to the
national, ethical, and legal requirements for this type of study.
Potential participants were recruited through presentations.
Participants were informed of their rights, that they could
withdraw from the study at any time, and that their responses
would be kept anonymous. All participants provided informed
consent.

Administration procedures

The Japanese version of the MMSE (MMSE-J) is a well-validated
test of cognitive function, and it is widely used in clinical
practice (maximum score=30). All participants completed the
MMSE-J. Each group of participants received three tests
consecutively (Figure 1).

Figure 1: Study procedure: Participants were divided into three groups
(Group A, B, or C; 6 participants each). Working memory and
comprehension tests were conducted using three methods: 1) words
only, 2) figures only, or 3) both figures and words.

A) Working memory test: We prepared a working memory test
using information symbols provided from the Foundation for
Promoting Personal Mobility and Ecological Transportation. Six
items were presented in one test: shown as figures, figures and
words, or words only. Each item was familiar to Japanese people
(Figure 2 and Table 1).
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Figure 2: Figures and words used in the working memory test. Left
row: Figures used in this test; Middle row: Words used in this test
(English translations in parentheses); Right row: Figures and words
used in this test.

Table 1: General information for healthy elderly people; For age (men
vs. women), p-values by Student ’s t-tests are shown. For intergroup
comparisons, Kruskal-Wallis test with Dunn’s post-hoc test for non-
parametric analysis were used. For MMSE soccer, unpaired t-test with
Welch’s correction were used. There were no significant differences in
MMSE-J score per sex or age. SD: standard deviation. MMSE: mini
mental state examination.

 n Mean ± SD Statistic p

Age

Total 18 68.8 ± 7.1  

0.45Male 8 67.4 ± 6.8 t=0.77

Female 10 70.0 ± 7.5 F=1.22

Group A 6 68.2 ± 7.9  

0.17Group B 6 65.3 ± 5.0 F=3.51

Group C 6 73.0 ± 7.1  

MMSE-J
score

Total 18 27.1 ± 2.5  

0.88Male 8 27.1 ± 3.5 t=0.15

Female 10 27.2 ± 1.5 F=5.64

Group A 6 26.0 ± 3.5  

0.24Group B 6 28.5 ± 2.1 F=2.82

Group C 6 26.8 ± 0.8  

Participants were shown six items for 20 sec in three patterns,
respectively, and their working memory was evaluated as several
items the participants can memorize. Different patterns were
used in each group to exclude the possibility that deflection of
proving information items would affect the results. We evaluated
participants’ percentage of correct answers of all total items.

B) Comprehension test: To assess participants’ comprehension
of information provision, we asked participants to build objects
per presented instructions and examined how many objects were
built within three min. Three different objects (i.e., giraffe,
flower, and tulip) were to be built using blocks. The instructions
were presented three different ways (pictures only, words only or
both pictures and words) (Figures 3a and 3b).

Figure 3a: Objects used in the comprehension test; Participants were
randomly instructed to build one of three objects to test their
comprehension (experiments were blinded).

Figure 3b: Objects used in the comprehension test; Participants
constructed the objects under three distinct conditions: 1) instructions
included pictures only, 2) instructions included words only, and 3)
instructions included both pictures and words.

All groups completed the tasks in different random orders to
exclude the potential influence of task type. We evaluated
participants ’  percentage of blocks used correctly among all
blocks. For example, complete construction of the giraffe
required fifteen blocks; if six blocks were used correctly, the
participant received a score of 40% (6/15 × 100) (Table 2).

Table 2: The result of the non-parametric analysis of the working
memory test (mean ± SD); Working memory was evaluated as the
percentage of correct answers participants could memorize of all items.
Intragroup comparisons were made by using the Friedman test with
Dunn ’ s post-hoc test for non-parametric analyses. Ps<0.05 were
considered significant. Intergroup comparisons were made using the
Kruskal-Wallis test with Dunn’s post-hoc test. In the test that was
presenting Figures only, the percentage of correct answers in group C
was significantly lower than that of group B (χ²=8.01, p=0.018). When
we presented items by Figures only, the participants could memorize
the items; however, some interpreted the figures in different words. For
example, a picture showing a “police man” was also interpreted as a just
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“man” or a “security guard”. We counted these alternate answers as
correct answers.

 n
Figures
only

Words
only

Both
figures
and
words

Friedman
test

Dunn ’ s
test

Total 18
71.3 ±
24.1ᵃ

51.9 ±
18.9ᵃ

64.8 ±
13.9

χ² =10.13
a:
p<0.05p=0.006

Group
A 6

72.2 ±
31.0

61.1 ±
17.2

61.1 ±
8.61

χ² =2.24

NSp=0.43

Group
B 6

86.1 ±
12.6ᵇ

55.6 ±
17.2ᵇ

69.4 ±
16.4

χ² =7.04
b:
p<0.05p=0.012

Group
C 6

52.8 ±
6.8

38.9 ±
17.2ᶜ

63.9 ±
16.4ᶜ

χ² =8.67
c:
p<0.05p=0.008

Statistical analysis

All statistical analyses were performed using GraphPad Prism5
software (GraphPad Software Inc., San Diego, USA). For
continuous variables, independent samples were compared
using the Student ’ s t-test and unpaired t-test with Welch ’ s
correction. Inter- and intragroup comparisons were made using
Kruskal-Wallis tests with Dunn’s post-hoc tests, and Friedman
tests with Dunn’s post-hoc tests for non-parametric analyses,
respectively.

Associations between test results and MMSE-J scores or age were
estimated using Spearman’s rank correlation coefficient (ρ)
which were interpreted per the criteria defined by Swinscow:
0.00-0.19, very weak; 0.20-0.39, weak; 0.40-0.59, moderate;
0.60-0.79, strong; and 0.80-1.00, very strong. A linear regression
analysis was used to assess the relationship between test results
and MMSE-J score or age. The test results served as the primary
predictor variable, and MMSE-J or age served as the dependent
variable. Significance was set at p<0.05.

RESULTS

Participants’ characteristics

We examined whether participants’ sex was associated with their
MMSE-J scores. Participants ’  general characteristics are
described in Table 1. There were eight men and 10 women.
There were no significant age differences between male and
female participants or between groups. There were also no
significant differences in MMSE-J scores between men and
women or between groups. Since MMSE-J scores are associated
with cognitive function [19], our findings suggest that sex
differences were not associated with the working memory and
comprehension tests.

Working memory test

To examine working memory, we used three groups of words
and figures-Group A, B, and C, to avoid the side effect by
deviation of order for stimulation by words and figures.
Compared to group A, groups B and C had pictures and words
that were usually more familiar to older adults in Japan.
Therefore, we hypothesized that participants would recall more
objects from groups B and C as compared to group A. Table 2
shows the results of the non-parametric analysis of the working
memory test. Differences between the presentation styles were
evaluated with Friedman tests and Dunn’s post-hoc tests. The
total mean percentage of correct objects that participants
memorized was significantly higher in “figures only” (71.3 ±
24.1) as compared to “words only” (51.9 ± 18.9) and “figures and
words” (64.8 ± 13.9; see Table 2 and Figure 4). This difference
was significant (χ2=10.13, p=0.006) (Figure 4).

Figure 4: Statistical results of working memory and comprehension
tests; Left: Distribution of participants’  correct answers (%) on the
working memory test. Right: Distribution of participants ’  correct
answers (%) on the comprehension test.

We also analyzed the results in each group using Friedman tests
with Dunn’s post-hoc tests for non-parametric analyses. In group
A, there was no significant difference among the different
presentation ways (χ2=2.24, p=0.43). In groups B and C, there
was a significant difference in the mean percentage of correct
answers that participants memorized among the different
presentation methods (χ2=7.04, p=0.012; χ2=8.67, p=0.008,
respectively). There was also a significant difference between
presenting with both “figures and words” in groups B and C
(both ps<0.05). In group C, there was a significant difference
between presenting with “words only” (p<0.05). In addition,
intergroup comparisons were performed with Kruskal-Wallis
tests and Dunn’s post-hoc tests. Concerning “figures only,” the
percentage of correct answers in group C was significantly lower
than that of group B (χ2=8.01, p=0.018). The other
relationships were non-significant.

Comprehension test

Table 3 shows the results of the non-parametric analysis of the
comprehension test. Differences in the distinct instructions that
were provided were evaluated using Friedman tests and Dunn’s
post-hoc tests. The total mean scores were 83.0 ± 24.1
(instructions with pictures), 51.0 ± 35.9 (instruction with words),
and 86.2 ± 21.0 (instructions with both pictures and words;
Figure 4). This difference between groups was significant

Imamura Y, et al.

J Aging Sci, Vol.7 Iss.2 No:1000207 4



(χ2=14.37, p<0.01). Those who received instructions with both
pictures and words performed significantly better than did those
who received instructions with only words (p<0.01).

We further analyzed the results in each group. Participants who
received instructions with pictures only (group B, 98.8%)
performed the best, while those received instructions with word
only (group C, 24.7%) performed the worst. In group A, there

was no significant difference among the methods of delivering
instructions (χ2=0.82, p=0.74). In group B, there was a
significant difference among the methods of delivering
instructions (χ2=7.43, p=0.012); however, there was no
significant difference between each of them (per Dunn’s test). In
group C, there was a significant difference among the methods
of delivering instructions (χ2=11.6, p<0.01) (Table 3).

Table 3: The results of the non-parametric analysis; We evaluated the results as the percentage of built blocks among all blocks. Intergroup
comparisons were made using the Friedman test with Dunn’s post-hoc test for non-parametric analyses. Ps<0.05 was considered significant.
Intergroup comparisons were made using the Kruskal-Wallis test with Dunn’s post-hoc test. There were no significant differences among all groups in
each trial.

 n Pictures only Words only Both pictures and words Friedman test Dunn’s test

Total 18 83.0 ± 24.1 51.0 ± 35.9ᵃ 86.2 ± 21.0ᵃ

χ² =14.37

a: p<0.01p<0.01

Group A 6 79.3 ± 32.1 65.7 ± 35.2 82.3 ± 28.4

χ² =0.82

NSp<0.74

Group B 6 98.8 ± 2.86 62.7 ± 38.4 89.7 ± 20.8

χ² =7.43

NSp<0.012

Group C 6 70.5 ± 20.6 24.7 ± 19.9ᵇ 86.7 ± 15.2ᵇ

χ² =11.6

b: p<0.01p<0.01

Correlation between test results and MMSE-J scores and
age

We revealed that MMSE-J scores were negatively correlated with
age (ρ=-0.682, p=0.002). Next, we examined the correlations
between MMSE-J scores and working memory results. Results
revealed that there was a moderate positive correlation between
MMSE-J score and working memory test results-specifically,
when participants were presented with items using “ figures
only” or “words only” (ρ=0.554, p=0.02; ρ=0.4540, p=0.058,
respectively) (Figure 5and Figure 6).

Figure 5: Correlation between MMSE score and age; MMSE score was
negatively correlated with age.

Figure 6: Correlation of test results and participant property; (a)
Correlation between participants’  correct answers and MMSE score
(upper panels) or age (lower panels). (b) Correlation between number
of building blocks correctly used and MMSE score (upper panels) or
age (lower panels).
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Conversely, there was a strong negative correlation between age
and working memory test results-specifically, when participants
were presented with items using “figures only” or “words only”
(ρ=-0.641, p=0.04; ρ=-0.607, p=0.008, respectively). However,
there was no significant correlation between the test results and
MMSE-J score nor age when items were presented with “both
figures and words ”  (ρ=0.4188, p>0.05; ρ=-0.377, p>0.05,
respectively; Figure 6a).

Regarding comprehension, there were significant positive
correlations between all test results and MMSE-J scores (pictures
only, ρ=0.630, p=0.005; words only, ρ=0.488, p=0.040, and
pictures and words, ρ=0.610, p=0.007). All test results were
significantly related to age as well (pictures only, ρ=-0.649,
p=0.004; words only, ρ=-0.513, p=0.029; and pictures and
words, ρ=-0.573, p=0.013; Figure 6b).

DISCUSSION

The purpose of this study was to determine whether the method
of delivering instructions was associated with older adults’ ability
to remember and comprehend information. Regarding working
memory, higher scores were associated with “figures only” and
“ figures and words ”  as compared with “ words only ”
presentation. These findings suggest that viewing figures
enhances older adults’ ability to remember objects. Conversely,
older people may find it difficult to remember information
based solely on words; therefore, what mechanism makes
“figures” more advantageous for working memory than “words?”
Neural correlates of working memory reside in the prefrontal
cortex (PFC) [20]. Recently, a 2019 magnetoencephalography
study reported that parieto-occipital regions of the cortex, which
is associated with visual information processing related to
planning [21] was activated during working memory tasks [22].
When older adults look at figures and plan to build blocks, their
brain regions for working memory (e.g., PFC) are activated.

On the other hand, the brain regions related to verbal
informational processing differ. When people remember words,
the parieto-temporal region is activated [23]. Intriguingly, this
fMRI study also reported that working memory for “words” (as
compared to for “figures”) was delayed during the formation of
the phonological loop in the brain regions including the PFC,
suggesting that figures were faster than words for working
memory acquisition associated with informational processing in
the PFC. In addition, repetitive demonstration of words
attenuated PFC activity more so than figures [24], indicating
that the permissible range of working memory for words only is
less than that for figures only. This model suggests that working
memory may be longer for figures than for words, which is
consistent with a prior study that examined older adults’ brain
regions [25], Altogether, our findings support that older adults’
working memory is enhanced by “ figures ”  as compared to
“words.”

Next, regarding comprehension, participants’  task completion
was significantly lowest in those presented with “words only”
instructions as compared to the other two methods, which is
consistent with our working memory results above. Surprisingly,
when we examined comprehension results per groups, the
results were multifaceted. For example, in groups A and C, the

“figures and words” instructions resulted in the highest scores;
whereas, “figures only” instructions resulted in the highest score
in group B [26-28]. Furthermore, the scores of those receiving
“words only” instructions in group C was very low. Why did
such a difference occur? This might be explained by the order of
stimuli. In group C, the comprehension test was performed as
follows: 1) figures+words, 2) words only, and 3) figures only.
Older adults with low MMSE-J scores may understand the
content of stimuli only when words are present (i.e., “figures
and words” or “words only), which indicates why “figure only”
resulted in the lowest score[29,30].

CONCLUSION

Finally, we need to discuss some study limitations. In this study,
all participants were healthy. Typically, older adults show
declining cognitive ability or age-related dementia. However,
understanding the individual word seems to be normal. Bickel
and colleagues conducted a study on syntactic comprehension
and reported that patients with AD could understand the
words; however, they had difficulty understanding the passive
voice and atypical word order. If older adults have an MCI, even
if their MMSE-J scores look normal, they may misunderstand
the meaning of words or sentences. To test the mechanism from
another approach, brain functional imaging may be useful.
Recent findings suggest that brain activity patterns during
various sensory and motor stimuli were altered in individuals
with an MCI. In addition, an fNIRS study reported that MCI
impaired PFC activity during verbal tasks. Finally, prior fNIRS
studies that focused on PFC activity during various sensory
stimuli reported that distinct type or timing of stimuli for
sensation showed different modalities in spatio-temporal
dynamics of PFC activities. Although these previous participants
were younger than the current participant, the approach might
apply with older adults. In conclusion, optimal presentation of
words and figures is critical to promote older adults’ memory
and comprehension.
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