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Abstract: Short-term memory (STM) temporarily stores sensory events, movements, and
cognitive information. Several studies have shown that STM can store previously
encountered information as memory. Studies show that as age increases, the STM of the
individual decreases; however, there is no precise age division for when the decay of STM
occurs. In this study, a method of short-term visual memorization of a random sequence of
numbers has been used to study the correlation between age and STM, and the age of decay
of STM. The result of this study has shown a significant difference in the number of digits
recalled between the age groups 1-12 and 65 and above and age groups 13-17 and 65 and
above.Similarly, age groups 1-12 and 18-64 differed significantly. We conclude that the
increase in age correlates negatively with short-term memory, where the STM and the ability
to recall short items decrease as age increases. Potential genetic and physiological
mechanisms of the negative correlation between age and STM are discussed.
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1. Introduction

Short-term memory (STM) is a cognitive system in the brain that holds the function to store sensory
events, movements, and mental information in a short accessible interval for a short period [1].
Previously, several studies showed that the retrieval of STM decreases as age increases [2].

Several studies have shown that STM supports information previously encountered as memory [3].
It can also act as a system with limited capacity that can represent information after the individual
has no sensory input. However, it is essential to note the STM can be modified through selective
attention [4].

Several studies in the past have shown that the deficit of STM can be caused by severe cognitive
impairment, and the inhibition deficit theory proposes that STM damage arises from the difficulty in
recalling information that is relevant to the access task and the difficulty in removing information
which is no longer relevant during STM maintenance [5-7].

There are studies showing that as age increases, the STM of the individual decreases; however,
there is no precise age division for when the decay of STM occurs [8, 9]. Therefore, in this study, the
relationship between age and the ability to recall short-term memories is memorizing the sequence of
items and numbers. Furthermore, this study will study the effect of age on people's STM and the
period of the decay of STM. To examine the impact on STM, a random sequence of numbers will be
used to test people's STM; the participants will be selected randomly through social media and
volunteers to avoid selection bias and non-probability sampling.

© 2024 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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This study will examine whether participants that belong to a younger age, under 18 overall, will
perform better in recalling STM than other age groups and the period of decay of STM. This study
will also find a correlation between different age groups and STM and determine whether the
correlation is positive or negative. The adopted methodology will be used in this study. Items and
numbers will be used instead of vocabulary to avoid cultural bias [2]. There will be no "yes" or "no"
options; rather, digital numbers will be used to avoid these biases, where participants will inform the
numbers shown verbally.

The study "Effects of Age upon Retrieval from STM" examined three groups of 10 adults with the
mean ages of 20, 37.5, and 68.1 years old to present and provide a direct assessment of the possible
age difference in retrieving information from STM and used numbers as the items to let the
participants memorize the sequence of numbers appearing on the projectors with a total of 24 practice
trials and another 48 actual trials including the breaking time; the interval between each test is around
30 seconds [2]. The effect of age on STM showed a negative correlation between age and the speed
of searching contents of STM. Specifically, the study found that young subjects had a significantly
higher search speed for items than older subjects. Young subjects searched at a rate of 25.6 items per
second, and the middle and older subjects' search speed was at 15.9 and 14.1 items per second.
Indicating that aging hurt STM; there are no significant differences between the search speeds of the
middle and older subjects. However, when examining the errors made by the issues, listing in age,
the error rates are 0.6%, 1.0%, and 1.4%; there is no significant difference in error rates between the
chosen age subjects, which indicates that all ages can perform recalling items and listed materials
successfully but at a slower pace as the issues get older. The experiment successfully covered a
spectrum of ages from 19-21 years old, 33 to 43, and 58 to 85 years old. The Age groups varied
widely in their education level, providing variety in sampling. During the experiment, the display of
the digits and items on the projector is programmed and automated, minimizing human intervention
with less distraction. The procedure and methodology adopted are straightforward, with only a "yes"
or "no" selection simplified, minimizing the experiment's duration and alleviating the effort for the
participants to respond.

However, with only two "yes" or "no" options, the participants can guess the solution with a 50%
chance of receiving the correct answer. This is a systematic error that can potentially increase the type
I error (false positive solution) in the experiment, therefore obtaining a potentially inaccurate result
from the participant, as there are no options for not remembering the sequence of items and numbers
or simply allowing the participant to skip the response.

The experiment took 2 hours to collect the data and run a full trial. The duration of the method
chosen is extensive, neglecting the participants' physical conditions and the exhaustion and fatigue
factors. Other studies have shown an overall decrease in the efficiency of STM when individuals are
tired or under exhaustion [10].

Another inconsiderable factor in the investigation is there are no distinctions in considering the
genders and the effect on STM. Although the young subjects were equal in gender, the older subjects
were not, in fact, all men [2]. Since different individuals have different degrees of ability to store
information, dividing the groups into gender categories can be a factor to be considered. A study
conducted in India showed that females exhibit a greater STM than men in memorizing meaningful
words [11].

In the experiment, the young subjects are all staff from the Massachusetts General Hospital, and
the older issues are participants of a longitudinal study conducted by the Veterans Administration
Outpatient Clinic in Boston, Massachusetts. This is a form of convenient sampling, finding
participants based on geographical proximity, as shown in the young subjects. This is a selection bias
when choosing the participants in this experiment [2]. This results in a potential lack of representation
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of the entire population to conclude the findings because there are other unknown proportions of the
whole population that are not included in the sample group [12]

2. Methods
2.1. Participants

According to the American Medical Association's age designations, in this study, the participants will
be divided into four age groups: Ages 1-12, 13-17, 18-64, and 65 and older. In Groups 1-12 and 13-
17, participants were recruited at random from 3 different schools in British Columbia, Canada. The
other two groups, 18-64 and 65 or older, are selected from the parents and their relatives of groups 1-
12 and 13-17. The mean of the 80 participants in different age groups is 1-12 is 9.25, 13-17 is 14.65,
18-64 is 41.5; and 65 and older is 68.6. The total age mean value is 33.5 years old. Participants are
informed about this investigation beforehand and consented to participate.

2.2. Material and procedure

Participants were to attempt to recall the number of digits remembered. The software used displayed
digits ranging from 0-9 randomly. A 20-digit number was generated for each participant using the
software; the maximum for the software is 10, and twice was done to obtain a 20-digit number. The
participants were to complete the trial while the number on the display screen was displayed
sequentially in front of the participants. A digit number was shown at a time, starting with 1 digit first,
and the number of digits displayed will follow the sequence of cumulation on the basis of the previous
digits. An example of the series will be 1, 13, 135, and 1357; the maximum number of digits will
depend on how many digits the participant can remember. Each digit was displayed for 1 second, and
the participant informed the practitioner of the digits on the screen. For the first four digits, the
participant was required to notify the practitioner no more than 3 seconds after seeing the numbers.
After four digits, participants were to inform the practitioner of the digits within 30 seconds. If the
participants recalled any digit wrong during the informing interval, the practitioner should only record
the previous number of digits remembered by the participants. For example, if a participant recalled
a 6-digit number incorrectly, the data recorded should be the 5-digit number identified successfully.
Each participant was to complete only one trial, with a total of 20 participants in each age group, 80
participants in total.

A 13-inch Macbook Pro 2021 with MacOS 13.3 operating system will be used as a screen to
display the numbers, using the software "The Random Number Generator" developed by Nicholas
Dean.

2.3. Statistical Analysis

A descriptive analysis shows the mean, median, mode, and standard deviation of the number of digits
recalled among all age groups (1-12, 13-17, 18-64, 65 and older). One-way ANOVA shows the
statistical significance of the number of digits recalled between all age groups. The participants' ages
and the number of digits recalled are plotted in a scatter plot, and a linear regression is done to obtain
a correlation between age and the number of digits identified, which is shown as unfavorable. A post
hoc analysis is done subsequently to show the significance in the number of digits recalled between
each individual age group, as the results of ANOVA have established importance in the number of
digits identified between the age groups.
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3. Results

The four age groups ranging from one to 12, 13 to 17, 18 to 65, and above 65 were investigated in
terms of their memory ability, which is evaluated through the number of digits the participants can
recall during the numbers remember tasks (as described in Methods - Materials and Procedure).

There was a significant difference (p<0.001) in the mean number of digits recalled between the
age groups (F(3, 76) =4.235, p<0.001). With the increase of age in the four groups, a decrease in the
number of digits that the participants can recall was found in Table 1, from the age group 1-12 (M =
8.1, SD = 1.83) to the age group 65 and above (M = 5.25, SD = 1.12), indicating that getting older
could result in a decline of people’s memory functions.

Table 1: Descriptive Analysis of all age groups (1-12, 13-17, 18-64, 65 and older)

Age Group: 1-12 13-17 18-65 65 and above
Mean £SD of number

digits recalled 8.1+1.83 7.85+2.01 |7.40+2.82 525+1.12
Median of number digits

recalled 9 7.5 7 5

Mode of number digits

recalled 9 7 7 5

Range of number digits

recalled 6 8 10 4
Minimum of number digits

recalled 5 5 3 4
Maximum of number

digits recalled 11 13 13 8

SD for Standard Deviation

Table 2: One-way ANOVA for all age groups (1-12, 13-17, 18-64, 65 and older)

dfl af F p
3 76 4.235 0.000004

df1: degree of freedom of rows; df2: degree of freedom of columns;

The average number of digits ages 1-12 groups can recall is 8.10 digits; ages 13-17 are 7.85 digits;
ages 18-64 have a mean of 7.40, and ages 65 and older have a standard of 5.65. There is a decrease
in the mean number of digits overall as the age groups increase, indicating a negative correlation
between age and STM (Figure 1). The mode for the number of digits recalled for age groups 1-12 is
9, both 13-17 and 18-64 are 7, and 65 and older is 5.
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Figure 1: Age of Participants

Scatter-plot of the number of digits participants in different age groups, 1-12, 13-17, 18-64, and
65 and older can recall. Showed a negative linear regression of the number of digits identified over
the age of A post-hoc analysis is done to show the significance in the number of digits recalled
between each age group. The LSD analysis has shown effectiveness between age groups 1-12 and 65
and older, 13-17, and 65 and older(p<0.001). Age groups 18-64 and 65 and older also showed
significance (p=0.001). The Turkey HSD test has shown importance between age groups 1-12 and 65
and older (p<0.001), and 13-17 and 65 and older (p<0.001), and there is no significance shown
between 18-64 and 65 and older. The Bonferroni correction showed two importance between age
groups 1-12 and 65 and older (p<0.001) and 13-17 and 65 and older (p=0.001). With this evidence,
age does correlate with STM negatively when comparing the results of the two age groups 1-12 and
65 and older and 13-17 and 65 and older.

4. Discussion

There 1s no significant decay in the number of digits recalled between the ages 6-33, and this holds
the range of digits remembered between 5-13. Data in the post hoc analysis implied age groups 1-12,
13-17, and 18-64 show no significant difference. This offers participants a strong visual STM in these
age groups, with the ability to store and recall numbers within seconds [13]. Several studies have
shown that as age increases, the brain's processing speed and recognition of objects decrease due to
brain-related mechanisms [6, 9, 14, 15]. Consistent with the findings in this study, after the age of 33,
the number of digits recalled decreases with no number of digits placed higher than 9, and ages 60
and older showed a significant decrease when compared to other generations.

Our study showed a significant decrease in the number of digits remembered after age 60 (Figure
1). In studies about age and its effect on hippocampal volume, researchers investigated 142
individuals older than 55 years old, and the results show a linear decrease in both right and left
hippocampal volume [16]. The hippocampal contributes to the STM of humans, especially in the
regulations of learning, memory, and emotion; therefore, if the importance of the hippocampal
decreases, there will be an impact on the individual's cognition and concentration [17, 18]. This is
consistent with the findings in this study.
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The number of digits participants recalled successfully ranges significantly between the age groups
1-12, 13-17, and 18-64. The age group 18-64 has the most fantastic range of 3-13. However, the ages
that performed the smallest range with stable results were participants older than 60. Although there
is a significant decrease in the number of digits recalled by participants after the age of 60 compared
with other periods, it is essential to note that after the age of 60, the number of digits placed by the
participants is more or less in a linear trend. The majority of the participants who are older than the
age of 60 identified four and five digits most frequently. Several studies have shown that aging
increases discriminal dispersion and visual and spatial STM. The advancement of age limits memory
capacity, impairs visual STM performance and diminishes the attentional resources of the individual
[19-22]. The result of this study consists of these findings showing a negative correlation between
age and the number of digits recalled. However, for participants older than 60, there are no significant
changes in the number of digits identified, which contradicts these studies. Several studies have
shown a potential biological mechanism: individuals who carry APOE €2, a genetic allele of the
APOE gene, offer an advantage in memory storage regardless of STM task difficulty and across all
ages. The effect of this genetic allele can occur throughout an individual's life, which can explain how
individuals aged 65, 67, 69, and 70 have a higher number of digits recalled and a great range between
age groups [23-25].

5. Conclusion

Some studies suggest that gender does influence STM in individuals. Gender is worth considering in
this study because with a generalization on the age of the participants without considering the factors
of gender, the results and findings of this study cannot apply and generalize both genders [11, 26-28].
Global participants can be enrolled because environmental factors, geographical factors, and health
conditions can affect an individual's STM [7, 28-30].

In summary, the results obtained throughout this study show that participants in age groups 1-12
and 13-17 perform better in recalling STM than other older age groups. Specifically, from ages 6-33,
participants did not show a significant decline in the number of digits remembered, and after period
55, participants did not recall digits that were higher than 8, with a considerable decrease at age 60;
only three numbers were placed. With the data collected, this study has provided a generalization of
the negative correlation between age and STM; as an individual's age increases, the STM and the
ability to recall short items decrease.
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Appendix

Table S1: Individual participants’ age and the corresponding number of digits recalled by each
individual.

Age Number of Digits Recalled
6

6 9
6 9
7 7
7 8
7 6
8 5
8 7
9 10
9 6
10 9
10 6
10 6
11 9
11 9
12 9
12 11
12 10
12 9
12 11
13

13 5
13 10
13 9
13 5
14 7
14 7
14 8
14 6
15 7
15 7
15 9
15 9
15 6
15 8
16 7
16 6
16 8

13
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17

17

18

18

20

30

32

33

33

35

35

36

38

42

48

51

55

58

60

62

63

63

65

65

65

65

67

67

68

68

69

69

69

69

70

70

70

70

71

71

71

73
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Table S2: Number of digits participants from different age groups(1-12, 13-17, 18-64, and 65 and
older) can recall

Age Groups in Years:
Number of Digits | 1-12 13-17 18-64 65 and older
Can  correctly
recall
1 0 0 0 0
2 0 0 0 0
3 0 0 1 0
4 0 0 3 3
5 1 2 1 7
6 5 3 2 6
7 2 5 4 3
8 1 3 3 0
9 7 4 2 1
10 2 1 1 0
11 2 1 0 0
12 0 0 2 0
13 0 1 1 0
Total: 20 20 20 20
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