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Background: Previous studies have shown that deficits in time- and event-based prospective memory can
have serious negative consequences for the daily life and social status of children with high-functioning
autism spectrum disorder. Although prospective memory, like other cognitive abilities, can be improved
through training and practice, there is still a research gap regarding the development of a comprehensive and
targeted intervention to enhance prospective memory and to examine its efficacy on time- and event-based
prospective memory in these children.

Aims: The aim of this study was to investigate the efficacy of prospective memory training on time- and
event-based prospective memory in boys with high-functioning ASD.

Methods: The method of this study was a quasi-experimental design with a pretest-posttest design with a
control group and a one-month follow-up. The study population included all boys aged 6-12 years with
high-functioning ASD in Rasht in 2023, Among them, 30 children were selected through purposive sampling
and assigned to two experimental and control groups (15 children in each group). Both groups completed
event-based and time-based prospective memory tasks (Cheng et al., 2013) before and after the intervention.
The experimental group received 15 sessions of prospective memory training, delivered twice weekly. Also,
research data were analyzed using the variance analysis with repeated measurements method in SPSS-28
software.

Results: Findings showed significant post-test improvements in both time-based and event-based
prospective memory in the experimental group compared to the control group. The intervention had a
significant effect on time-based prospective memory (F=9.547, p<0.001, n>=0.254) and event-based
prospective memory (F=9.272, p<0.001, n>=0.249). These improvements were maintained at the one-month
follow-up (p>0.05).

Conclusion: Structured prospective memory training can effectively enhance both time- and event-based
prospective memory in boys with high-functioning ASD, thereby improving cognitive performance and
supporting greater independence in daily activities.
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Introduction

Autism  Spectrum  Disorder (ASD) is a
neurodevelopmental condition that affects social
interaction, communication, and behavior (Skuse et
al., 2024). It typically emerges in early childhood and
presents with a wide range of symptoms and severity.
Core characteristics include difficulties in verbal and
nonverbal communication, challenges in forming and
maintaining social relationships, and restricted or
repetitive behaviors and interests (Hirota & King,
2023). The prevalence of ASD has been steadily
increasing worldwide. In the United States, it has
been reported to affect approximately 1 in 36
children, while studies accounting for geographic,
ethnic, and socioeconomic factors estimate a
prevalence of 1 in 100 children (Maenner, 2023). In
Iran, the estimated prevalence among school-aged
children is around 1.9%, with higher rates in boys
than girls. Beyond social and behavioral symptoms,
ASD is often associated with cognitive impairments,
including  deficits in  prospective  memory
(Ghanizadeh, 2008). The symptoms of autism
spectrum disorder are not limited to the two main
symptoms of stereotyped behavior and activities and
deficiencies in communication skills, but rather
extend to various areas such as cognitive deficiencies
(Torenvliet et al., 2023; Henry et al., 2014).
Prospective memory, the ability to remember and
execute planned actions at a future time or in response
to specific events, is commonly divided into time-
based and event-based types (Su et al., 2024). Time-
based prospective memory involves acting at a
specific time, while event-based prospective memory
involves performing an action when a particular event
occurs (Rummel & Kvavilashvili, 2023). Children
with ASD often struggle with time-based tasks due to
difficulties in perceiving and managing the passage of
time and with event-based tasks due to challenges in
processing environmental cues and linking them to
intended actions (Tsang et al., 2022). These deficits,
which stem from weaknesses in planning,
organization, attention, and cognitive processing, can
result in forgotten tasks, reduced independence,
increased anxiety, and decreased mood (Eysenck,
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2020). Overall, impairments in both types of
prospective memory can have serious impacts on
daily functioning and social outcomes, reducing an
individual’s ability to live independently (Da Silva
Coelho et al., 2023).

Research suggests that prospective memory, like
other cognitive abilities, can be improved through
structured training and practice. Interventions may
include targeted programs focusing on time
management, the use of reminders and environmental
cues, and exercises to strengthen the ability to
remember and complete tasks at specific times.
Cognitive, metacognitive, and problem-solving
strategies, as well as cognitive games and technology-
assisted reminders, have been shown to support
memory and executive function in individuals with
ASD. Despite previous studies demonstrating the
benefits of cognitive rehabilitation for children with
ASD, few interventions have specifically targeted
prospective memory (Quan et al., 2024). The present
study addresses this gap by implementing a
researcher-developed prospective memory training
program designed to enhance both time- and event-
based prospective memory in high-functioning boys
with ASD, providing a novel, structured, and
specialized approach to improving independence and
everyday functioning. Therefore, this study seeks to
answer the fundamental question of whether
prospective memory training is effective on time- and
event-based  prospective  memory in  High-
Functioning Boys with Autism Spectrum Disorder.

Method

The method of this study was a quasi-experimental
design with a pretest-posttest design with a control
group and a one-month follow-up. The study
population included all boys aged 6-12 years with
high-functioning ASD in Rasht in 2023, Among
them, 30 children were selected through purposive
sampling and assigned to two experimental and
control groups (15 children in each group). Both
groups completed event-based and time-based
prospective memory tasks (Cheng et al., 2013) before
and after the intervention. The experimental group
received 15 sessions of prospective memory training,
delivered twice weekly. Also, research data were
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analyzed using the variance analysis with repeated
measurements method in SPSS-28 software.

Results

A total of 30 children with high-functioning autism
spectrum disorder living in Rasht city participated in
this study in 2023. Analysis of the demographic
information of the participants in the present study
showed that the average age of the participants in the
experimental group was 10.13 with a standard
deviation of 1.302 and the control group was 9.80
with a standard deviation of 1.146. It is worth noting
that 7 children (46.7%) in the experimental group and
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8 children (53.3%) in the control group were taking
medication. The mean and standard deviation of the
father's age of the participants in the experimental
group were 41.67 and 6.230, respectively, and in the
control group, they were 40.07 and 4.383,
respectively. The mean and standard deviation of the
maternal age of participants in the experimental group
were 37.07 and 5.650, respectively, and in the control
group, they were 37.01 and 4.408, respectively. The
results of variance analysis with repeated
measurements including the effects of time, group,
and the interaction of time and group on both
variables are presented in Table 1.

Table 1. Results of variance analysis with repeated measurements test for research variables in measurement stages

Variable Source of Variation

Sum of Squares df Mean Square F p

Effect Size (n?) Power

Time 4.689 2 2.344 5.873 0.005 0.173 0.857

Time-based Prospective Memory Time x Groups 7.622 2 3.811 9.547 0.001 0.254 0.975
Between-groups 10.678 1 10.678 5.373 0.028 0.161 0.610

Time 8.600 2 4.300 6.489 0.003 0.188 0.891

Event-based Prospective Memory Time x Groups 12.289 2 6.144 9.272 0.001 0.249 0.971
Between-groups 21.511 1 21.511 9.577 0.004 0.255 0.848

The results in Table 1 show that the effect size of F
and the effect size of time and groups on the score of
time-based prospective memory (F=9.547, P=0.001,
n2=0.254), and event-based prospective memory
(F=9.272, P=0.001, 12=0.249), which is significant at
the 0.05 level, were obtained. These findings show

that the experimental and control groups differ
significantly from each other in terms of research
variables in the three stages of pretest, posttest, and
follow-up. Table 2 reports the trend of changes in
groups using paired comparisons.

Table 2. Bonferroni Post Hoc Test Results Comparing Mean Scores Across Assessment Phases in the Experimental Group

Variable Comparison Mean Difference Significance (p)
Post-test — Pre-test 1.067* 0.001
Time-based Prospective Memory Follow-up — Pre-test 1.133* 0.002
Follow-up — Post-test 0.067 0.101
Post-test — Pre-test 1.400* 0.004
Event-based Prospective Memory Follow-up — Pre-test 1.467* 0.004
Follow-up — Post-test -0.067 0.101

The results of the Bonferroni post hoc test to compare
the mean scores of the variables of the present study
in the three stages in the experimental group are in
Table 2. The results show that the mean difference in
all three stages of pre-test, post-test, and follow-up
was significant for both time-based and event-based
prospective memory variables, but the difference
between the post-test and follow-up stages was not
significant. Accordingly, it is concluded that the
effectiveness of prospective memory training on

time- and event-based prospective memory continued
after one month of follow-up.

Conclusion

The aim of this study was to investigate the efficacy
of prospective memory training on time- and event-
based prospective memory in boys with high-
functioning ASD. The results of this study
demonstrate that prospective memory training
produced substantial improvements in both time-
based and event-based prospective memory in
children with high-functioning autism, with the gains
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persisting at one-month follow-up. The structured,
goal-oriented, and multidimensional nature of the
intervention enabled children to better manage tasks,
anticipate future activities, and increase their
autonomy in daily routines. These findings
underscore the effectiveness of systematic, targeted,
and theoretically grounded interventions in
addressing prospective memory deficits, which are
often critical for independent functioning in children
with ASD.

The intervention combined cognitive, metacognitive,
and executive function strategies, creating a holistic
framework that strengthened both memory capacity
and  higher-order  cognitive  processes. By
incorporating exercises targeting working memory,
visual-spatial memory, auditory memory, attention,
planning, and sequencing, the program not only
enhanced prospective memory performance but also
fostered executive skills such as self-regulation,
organization, and goal-directed behavior. The
inclusion of internal and external reminders,
structured practice, and self-monitoring techniques
enabled children to reduce task forgetting, improve
timing accuracy, and respond more efficiently to
environmental demands. These integrated strategies
promoted the ability to anticipate future tasks, follow
multistep instructions, and execute planned activities
with greater precision.

Importantly, children learned to link tasks to
environmental cues, utilize mental imagery, and
engage in multisensory exercises, which reinforced
the association between upcoming tasks and specific
triggers. This multidimensional approach enhanced
both event- and time-based prospective memory
while  simultaneously  improving  executive
functioning and self-regulation, providing children
with the cognitive scaffolding necessary to plan,
organize, and complete tasks effectively. Overall, the
findings suggest that a comprehensive, structured,
and adaptive intervention can meaningfully improve
prospective memory and executive skills, thereby
supporting  greater  independence,  adaptive
functioning, and daily life competence in children
with high-functioning autism.
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1. Event-based Prospective Memory Task (EBPM) / Time-Based
Prospective Memory Task (TBPMT)
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