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Introduction: Prospective memory, which involves remembering intended 
future actions, is a vital function in terms of autonomy, quality of life, and 
everyday functioning. The primary aim of this study is to examine how aging 
affects prospective memory performance; its secondary aim is to adapt a 
laboratory-based prospective memory task, Virtual Week, to the Turkish culture 
and investigate its efficacy across young and old age groups.

Materials and Method: The study was conducted with 60 young (18–25 
years) and 60 old (60–87 years) participants. Participants were included based 
on their results on cognitive screening tests (Montreal Cognitive Assessment, 
Activities of Daily Living Scale, Geriatric Depression Scale, and the Beck 
Depression Inventory). In addition, the Stroop and Trail Making tests were 
administered to measure executive functions. Finally, the laboratory-based 
prospective memory task Virtual Week was performed.

Results: Virtual Week has been adapted to Turkish culture and shown to be 
reliable (Spearman–Brown: 0.82). ANOVA was conducted to analyze the effect 
of aging on the Virtual Week task, and the results showed that young adults 
were more successful than older adults in prospective memory tasks (p < .05).

Conclusion: The results support the theory of the aging paradox in 
prospective memory, which suggests that older adults exhibit lower performance 
in laboratory-based prospective memory tasks. The findings are discussed in 
the context of the relevant literature.

Keywords: Memory; Cognitive Aging;  Executive Function; Young Adult; 
Aged.
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INTRODUCTION
Prospective memory (PM) is defined as memory 
that allows us to remember that a planned action 
must be performed based on a specific cue during 
an ongoing task (1). In laboratory studies, PM is 
examined in two ways: event-based prospective 
memory (EB-PM) and time-based prospective 
memory (TB-PM), depending on the type of cue (1). 
An event-related environmental cue in tasks carried 
out in EB-PM requires less self-initiating process 
and mental effort—for example, remembering to 
pay the rent when you see the owner. In the case 
of TB-PM, there is no environmental cue related 
to the event—the cue is elapsed time. In such a 
task, spontaneous processes and mental effort are 
more involved—for example, remembering to take 
medication at 9 pm (2). Remembering routine tasks 
(e.g., going to work) requires less retrospective 
memory (RM), while remembering nonroutine tasks 
(e.g., a dentist appointment) requires more RM (3).

The multiprocess model of prospective memory 
(1) and the theory of preparatory attentional and 
memory processes (PAM) (4) focus on monitoring, 
the use of limited resources, and related cues. 

It has been shown that PM is a critical indicator 
of functional independent living by investigating 
PM in laboratory tasks representing daily life (5). 
The question of how PM performance is affected 
by the aging process is a matter of interest. In this 
context, it has been shown that PM performance 
increases from birth to age 35 and then begins to 
decline (6). PM requires multistage processes and 
a relatively high cognitive load. Therefore, PM 
performance is expected to decline with advancing 
age (7). Laboratory-based studies have shown 
that PM performance deteriorates with aging (6, 
8, 9), but that older people can be as successful 
as young people in PM studies compatible with 
real-life events outside the laboratory (5, 10, 11). 
On the other hand, there are also studies finding 
no difference between old and young people in 
terms of EB-PM (10). The “age prospective memory 

paradox” (2) posits that older participants perform 
differently in laboratory and non-laboratory tasks. 
Haines et al. (12) explain the age PM paradox as 
a lack of environmental support and cognitive 
processes, whether automatic or not. Another 
explanation is that older participants may have 
developed strategies that use external assistance 
more in tasks representing real-life events, while 
young participants may not perform fully due to lack 
of motivation (5). It was observed that age affected 
TB-PM and EB-PM differently (8, 9). With aging, TB-
PM may deteriorate more than EB-PM (8, 9). Older 
participants were found to have more success on 
PM only when they received social feedback (7). 
The young-old (60–75) and old-old (over 75) age 
groups showed no significant difference outside 
the laboratory, although the old-old group failed to 
perform laboratory-based PM (11).

A new technology that detects spontaneous 
speech production related to PM found no 
significant difference between younger and older 
adults (10). Although various tasks have been 
developed to evaluate PM objectively, the most 
structured and highly externally validated one is 
Virtual Week (VW) (13). Although VW is a laboratory 
task, it is similar to everyday life, as it involves real-
life events. VW was developed in English-speaking 
regions in North America and Australia. It was then 
adapted and applied to non-native English cultures 
(Germany, Poland, and Italy) in Europe (5, 14, 15).

The main purpose of this study is to examine the 
effect of aging on PM performance. The secondary 
objective is to examine the functioning of VW (13) in 
Turkish culture.

METHOD
Participants and Materials

The study was carried out with 120 volunteers, 60 
of whom were young (female = 30, male = 30) and 
60 of whom were old (female = 30, male = 30). The 
mean age of the young group was 21.03 (1.48), and 
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the mean age of the older group was 71.38 (7.43). 
The two groups were equivalent in terms of years of 
education, and there was no significant difference 
between the groups in terms of education level 
(year) (t (118) = 1.53, p = .13). 

The Beck Depression Inventory (BDI) (16), 
Geriatric Depression Scale (GDS) (17), Montreal 
Cognitive Assessment (MoCA) (18), and Functional 
Activities Questionnaire (FAQ) (19) were used as 
inclusion criteria. The cut-off points for inclusion 
criteria were 17 for the BDI (16) for the young 
group; 15 for the GDS (17); 23 for MoCA (18); 
and 5 and 7 for the FAQ (19), corresponding to 
ages 60–70 and 70+, respectively for the older 
group. The mean and standard deviation scores 
obtained from the screening tests are summarized 
in Table 1. Standardization studies, in which all 
neuropsychological tests and scales were used, 

were conducted for Turkish culture, and all tests and 
scales had culture-specific norms.

This research employed the computerized 
version of the VW developed by Rendell and Henry 
(13). VW is a task that begins with the subject rolling 
a virtual dice on a representative game card on the 
computer screen. Some adaptations have been 
made because of cultural differences. Turkish culture 
differs from the Australian and North American 
contexts in which VW was developed, particularly in 
terms of eating habits, social habits and/or relations, 
and celebrities. Thus, culture-specific adjustments 
were made. For a screenshot of the trial-day dinner, 
see Figure 1. Minor changes have been made as 
possible. Foreign dishes in Turkish cuisine such as 
porridge and cereal replaced with local dishes such 
as lahmacun and kebab.

Table 1. Screening Tests’ mean and standard deviations scores

BDI GDS FAQ MoCA

M (S) M (S) M (S) M (S)

Age Group
Young (n=60) 8.20 (4.80) - - -

Old (n=60) - 9.87 (4.81) 14.15 (7.38) 26.43(3.43)

BDI: Beck Depression Inventory, FAQ: Functional Activities Questionaire, GDS: Geriatric Depression Scale, MoCA: Montreal Cognitive 
Assessment

Figure 1.  Turkish Virtual Week- a 
screenshot of the trial-day 
dinner
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Rose et al. (3) found that the reliability coefficient 
of Spearman-Brown’s split halves for VW was .71 
in the young group and .93 in the older group. In 
the Italian version of the VW, the Cronbach’s alpha 
internal consistency coefficient was found to be .64 
in the young group and .92 in the older group (15). 
In the Polish version, Spearman-Brown’s split-half 
reliability coefficient was .75 in the young group and 
.95 in the old group (14).

Procedure
Informed consent was obtained from all participants 
before starting the study. Then screening tests/
scales were applied. After the screening test/scales, 
VW was carried out. VW includes regular tasks 
(e.g., taking medication at breakfast and dinner), 
regular times (e.g., taking asthma medication at 
21:00), and irregular tasks that are specific to a 
particular day and time (e.g., calling the dentist to 
make an appointment at 12:00 o’clock). In addition, 
participants are required to perform lung function 
tests at two minutes and four minutes in real time. 
This is called a time-check task.

VW consists of one trial day and three virtual 
days. Each virtual day included four regular (two 
event-based, two time-based), four irregular (two 
event-based, two time-based), and two time-check 
tasks. A total of 30 PM tasks were used during the 
experiment. At the end of each virtual day, a recall 
test was performed to assess whether the tasks 
were coded by the participants. In the recall test, 
the planned action (e.g., buying a colored pencil) 
was selected from the distractors (e.g., receiving a 
birthday present for the participant’s nephew), and 
the participant was asked to match it with an action 
cue (e.g., shopping). This study was approved by the 
Hacettepe University Ethics Committee (reference 
no. 35853172/431-71).

Statistical Analysis
All analyses were conducted with the Statistical 
Package for the Social Sciences (IBM®, SPSS 25). 

A 2 × 2 × 2 ANOVA was conducted age group 
(young vs. old), PM task (regular vs. irregular), and 
PM cue (event vs. time) to analyze the performance 
of VW as a function of age and task demand.  The 
independent variable “age” was manipulated 
between groups and the other independent 
variables PM task and PM cue were manipulated 
within groups.  Due to the real-time time-check 
tasks being quite separate from the virtual times a 
2×3 ANOVA was also conducted on the age group 
(young vs. old), and PM task (regular, irregular vs. 
time check task) as in the other versions of VW (2, 5, 
15). Analyses were conducted regarding the correct 
answers (responses in the right place and at the 
right time) to the VW-TR. 

RESULTS
The Stroop test (20) and the Trail Making Test 
(TMT-Part B) (21) were applied to determine the 
executive functions of the participants. These tests 
were considered pertinent for prospective memory. 
The mean and standard deviations of the scores 
obtained from the Stroop test (20) and the Trail 
Making Test (TMT-Part B) (21) are presented in Table 
2. The young group’s duration of completion of the 
Stroop test was shorter (U = 1074.5, p < .001) and 
had a lower total score for error and correction (U 
= 1384.0, p < .05) than the older group (U = 1274.0, 
p < .05). In addition, the young group’s TMT-Part B 
error and correction total scores (U = 1358.5, p < 
.05) were lower than those of the older group.

The Cronbach’s alpha internal consistency 
coefficient for the Turkish version of the VW (VW-
TR) was .77, and the Spearman–Brown split-half 
reliability coefficient was .82 in all groups. The 
Spearman–Brown split-half reliability coefficients 
were .65 for the young group and .61 for the older 
group.

Table 3 shows the mean and standard deviation 
scores of the young and older participants on the 
VW-TR. 
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The 2x2x2 ANOVA revealed a significant main 
effect for age (F(1,118)=150.7, p<.001, ηp2=.56); 
PM task (F(1,118)=54.7, p<.001, ηp2=.32); PM cue 
(F(1,118)=199.4, p<.001, ηp2=.63); interaction 
effect of PM cue and age (F(1,118)=44.2, p<.001, 
ηp2=.27), interaction effect of PM task and PM 
cue (F(1,118)=39.9, p<.001, ηp2=.25). There was no 
significant interaction effect of PM task and age 
(F(1,118)=2.5, p>.05), and PM task, PM cue, and age 
(F(1,118)=1.61, p>.05).

Table 4 presents the mean and standard 
deviation scores on the regular, irregular, and time-
check tasks according to the age groups.

The 2x3 ANOVA revealed a significant main 
effect for age (F(1,118)=240.1, p<.001, ηp2=.67); PM 
task (F(2,236)=40.0, p<.001, ηp2=.25); and PM task 
and age interaction (F(2,236)=22.2, p<.001, ηp2=.16). 

Post-hoc analyses showed that the members of the 
young group were more accurate in performing 
regular PM tasks (M=.68, S=.22) than irregular PM 
tasks (M=.55, S=.22) and time check tasks (M=.48, 
S=.36), as well as more accurate in performing 
irregular PM tasks (M =.55, S=.22) than time 
check tasks (M=.48, S=.36). In addition, post-hoc 
analyses revealed that the young group (M=.76, 
S=.14) outperformed the older group (M=.38, 
S=.13) overall (p<.001, ηp2=.67): regular task for 
young (M=.81, S=.16) versus older (M=.54, S=.20); 
irregular task for young (M=.71, S=.16) versus older 
(M=.39, S=.14); and time check task for young 
(M=.75, S=.24) versus older (M=.21, S=.23). In the 
post-hoc analyses for age and PM task interaction, 
it was revealed that the older group displayed 
worse performance on the time check task (M=.21, 
S=.23) compared to the regular (M=.54, S=.20) and 

Table 2. Mean and standard deviations of age, education level, and neuropsychological test scores

Education (years)   Age TMT-Part B 
duration of 
completion 

TMT-Part B 
sum of error 

and correction

Stroop Test 
duration of 
completion

Stroop Test  
sum of error 

and correction

M (S) M (S) M (S) M (S) M (S) M (S)

Age Group

Young  13.68 (.99) 21.03 (1.48) 55.36 (30.79) .35 (.76) 17.90 (4.99) 0.48 (.93)

Old   13.28 (1.75) 71.38 (7.43) 73.82 (41.93) .78 (.98) 22.68 (8.18) 0.92 (1.15)

TMT-Part B: Trail Making Test- Part B

Table 3. Mean and standard deviations scores of older and young participants on VW-TR

Age Group

Young Older
Task of Type Event Time Event Time

Regular Tasks
M .82 .79 .72 .37

SD .18 .22 .25 .28

Irregular Tasks
M .85 .57 .65 .13

SD .15 .25 .22 .17
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irregular tasks (M=.39, S=.14) (p<.05). The results 
for the older group were also worse on the irregular 
task (M=.39, S=.14) as opposed to the regular task 
(M=.54, S=.20) (p<.05). Similarly, the younger group 
displayed worse performance on the irregular task 
(M=.71, S=.16) than on the regular task (M=.81, 
S=.16) (p<.05). However, there were no significant 
differences between regular task (M=.81, S=.16) 
and time-check task (M=.75, S=.24) performance 
for the young group (p>.05). There were also no 
significant differences between the irregular task 
(M=.71, S=.16) and time-check task (M=.75, S=.24) 
performance for young adults. Since the older adults 
experienced difficulty using a mouse and requested 
assistance in this regard, the time to complete the 
VW-TR was not calculated. 

DISCUSSION
As expected, young adults were more successful 
than older adults on PM. This difference was 
especially high for the irregular and time-check 
tasks (see Table 3). These results support the age-
prospective memory paradox and are in line with 
previous research showing that older adults perform 
worse on laboratory tasks than younger adults (2, 
5, 8, 9, 11). Due to the necessity of using RM and 
PM together competently, irregular tasks require a 
greater cognitive load. Therefore, the performance 
of the older adults was lower on irregular tasks 
where the use of RM was especially necessary. This 

finding is also consistent with the theories of the 
multiprocess framework (5) and PAM theory (6), 
which focus on spontaneous retrieval, demands 
of an ongoing task, and related cues. In a study by 
Rendell and Thomson (11), when young-old and 
old-old groups were compared, the old-old group 
performed worse on laboratory-based PM tasks 
than the young-old group. Additionally, Bozdemir 
and Cinan (8) found the performance of the old 
group was worse than that of the young group on 
laboratory-based PM tasks.

According to the interdependence model 
proposed by Imamoğlu (22) for Turkish people, 
collectivist, and individualist tendencies coexist 
in this culture. In this context, the fact that the 
Turkish (Middle Eastern) sample of older adults 
faced problems in accessing health services and 
led a relatively sedentary lifestyle associated with 
living in a collectivist culture (meaning many daily 
activities are undertaken by the family and relatives 
of the older individuals) (23) may have led to higher 
failure rates on laboratory-based VW-TR tasks when 
compared to the older individuals in the Western 
sample. Consistent with this evaluation, Turkish 
older samples’ norm values   determined through 
neuropsychological tests, such as MoCA, TMT, 
and cut-off points, were shown to be lower than 
those for the same age group in Western culture 
(18, 21). While neuropsychological tests did not 
predict naturalistic, self-report, and clinically based 
prospective memory performance, the obtained 

Table 4. Mean and standard deviation scores on regular, irregular and time check tasks according to the age groups

PM Task Regular Task
M (S)

Irregular Task
M (S)

Time Check Task
M (S)

Age Group
Young
(n=60)

.81(.16) .71(.16) .75(.24)

Older
(n=60)

.54(.20) .39(.14) .21.(.23)

PM Task: Prospective Memory Task
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results were found to be consistent with the Age 
Prospective Memory Paradox,  due to the current 
study being laboratory-based, results are expected 
opposite to naturalistic prospective memory 
performance in older individuals (24) Recent 
research findings also suggest that intercultural 
differences exist in episodic memory and semantic 
memory performances (25). It is thought that the 
lower PM performance of the individuals in the 
Turkish older sample may be explained by the 
cultural differences mentioned (22, 23). Additionally, 
stereotype threats, such as unsuccessful memory 
performance and a slowdown in response speed, 
may adversely affect PM performance, especially 
in older samples (26). Stereotype threat is higher 
in laboratory-based tasks. Although recreational 
drug-related deficits in PM have been reported in 
recent years, we have not asked about it, by reason 
of they usually have not been honest about drug 
use in self-reports in Turkish culture (27). Age is also 
known to influence time-based and event-based 
performance differently according to the cue type 
(14, 15). In the other versions of the VW (Western), 
there was more deterioration in time-based tasks 
compared to event-based tasks with aging (2, 5, 
14, 15). In line with Western culture, there was more 
deterioration in time-based and time-check VW-TR 
tasks with aging in Turkish culture.

In the present study, the VW-TR, which is the 
Turkish version of the VW, was employed. The 
VW was originally developed in North America 
and Australia and adapted in Germany, Poland, 
and Italy. When the reliability scores of Western 
culture were compared, the results in this study 
were relatively lower in older adults but compatible 
with the results for younger adults. One of the 
reasons for this may be due to the limited use of 
technology by older Turkish individuals compared 
to the same demographic in the West. In this study, 
older participants lost time by having difficulty 
using the mouse, and by focusing on this issue, they 
may have struggled to concentrate and follow the 

ongoing task. The variety of problems encountered, 
including those related to using the mouse and 
reading, as well as having to help participants with 
such difficulties, may have resulted in lower reliability 
scores on the VW-TR than on other versions of the 
VW.

The adapted VW-TR was found to be suitable 
for young participants, while older participants 
experienced some practical difficulties related to 
computer use. In this context, using the board 
game version of VW by hand or using a touchscreen 
computer can be recommended for future studies. 
It has been shown that VW, which was developed for 
Western culture, is also functional in Turkish culture 
and can be used as a comprehensive laboratory 
task that measures PM with various (event-based, 
time-based, time check, regular, irregular) and 
real-life tasks. It was found that the performance 
of PM deteriorated with aging in laboratory-
based tasks. Niedzwienska et al (7), suggest that 
the comparison of the daily real-life tasks and 
laboratory-based tasks of PM will contribute to the 
literature. As in the study of. Haines et al. (12) the 
naturalistic PM task performed with older adults 
in MEMO (smartphone application) may be also 
studied in older Turkish people, and it is thought 
that it will be useful to compare the performance 
of the older adults in the naturalistic PM task with 
VW, which is the other leg of the ‘Age Prospective 
Memory Paradox’ (3).
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