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ABSTRACT

Introduction: In addition to a decline in physical abilities during aging, cognitive function and memory in older
adults also tend to deteriorate. The aim of this study was to determine the effects of retention periods, type of
practice, and feedback frequency on the consolidation of motor memory in the elderly.

Methods: This applied, quasi-experimental study was conducted on male and female older adults aged 60-70
residing in the Mashhad Nursing Home, selected through purposive sampling based on inclusion criteria. A total
of 72 elderly participants were assigned to six experimental groups: constant and variable practice, each with
feedback frequencies of 25%, 50%, or 75% (knowledge of results). Participants in each group practiced the dart-
throwing skill in eight blocks of 15 trials. Retention tests were conducted in a 15-trial block, 30 minutes and 24
hours after skill acquisition. Data were analyzed using repeated measures ANOVA and SPSS software.

Results: The findings indicated that both the type of practice and the frequency of feedback had significant
effects on motor memory consolidation and performance in the retention test with a random arrangement. The
elderly group that performed variable practice with 25% feedback frequency and a 24-hour offline periods
demonstrated the best motor memory consolidation in the random retention test, while the group with constant
practice and 75% feedback frequency showed the weakest consolidation.

Conclusion: Introducing variability, reducing feedback frequency, and optimizing retention periods result in
greater enhancement of motor memory consolidation in the elderly.

Keywords: Feedback, Retention Test, Variable Practice, Motor Memory Consolidation

N /

Cite this article: Shamsipour, P., Dinan, P.H., Heydari, M & Khaksar,E. (2022). Retention Periods, Type of Practice, and Amount
of Feedback Can Alter Motor Memory Consolidation in Older Adults. Journal of Healthy ageing and exercise, 1 (3), 45-61. DOI:
10.22059/jhae.2025.399474.1005

Copyright © 2025: Journal of Healthy Ageing and Exercise. This open-access article is available under the Creative Commons
Attribution-NonCommercial 4.0 (CC BY-NC 4.0) International License, which allows for the copying and redistribution of the
material only for noncommercial purposes, provided that the original work is properly cited.

Publisher: University of Tehran Press.


file:///C:/Users/Behrooz/Downloads/10.22059/jhae.2025.399474.1005
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
mailto:p.shamsipour@alzahra.ac.ir
mailto:p.shamsipour@alzahra.ac.ir
file:///C:/Users/Behrooz/Downloads/pdinan1@yahoo.com
file:///C:/Users/Behrooz/Downloads/mahtabheydari7373@gmail.com
file:///C:/Users/Behrooz/Downloads/khalsae@gmail.com
https://orcid.org/0000-0001-7750-5734
https://orcid.org/0000-0001-5743-2566

Extended Abstract

Introduction

Age-related cognitive decline affects multiple memory
systems, with motor memory among the earliest to
deteriorate. Motor memory consolidation— the stage
most vulnerable to aging— relies on time-dependent
neural processes and is supported by factors such as sleep
Yet older adults often show reduced or absent
consolidation gains compared with younger individuals.
Practice structure is a key determinant of consolidation
quality. Random practice typically enhances retention in
younger adults, but findings in older adults are
inconsistent, with some studies reporting benefits and
others showing diminished consolidation (Dos Santos et
al., 2014), implying age-related variability in sensitivity
to skill stabilization. Feedback frequency also influences
consolidation, and delayed feedback appears
advantageous in younger samples, although evidence in
older adults is limited. Given these inconsistencies, it
remains unclear whether specific combinations of
practice structure and feedback frequency can produce
distinct consolidation outcomes in aging populations.
Addressing this gap may clarify mechanisms of motor
memory decline and guide more effective instructional
and rehabilitation strategies.

Methods

Seventy-two older adults (36 women, 36 men; 60-70
years) residing in a nursing facility were recruited
through purposive sampling. Eligibility required the
absence of neurological, psychiatric, or major medical
conditions and no use of substances affecting the central
nervous  system.  Demographic  characteristics,
handedness, sleep quality, and cognitive status were
assessed using standard questionnaires, and all sessions
were conducted in the morning to control for circadian
variation. Participants were randomly assigned to six
experimental groups (n = 12), formed by crossing
practice structure (constant vs. variable/random) with
three frequencies of knowledge-of-results (KR) feedback
(25%, 50%, 75%). Dart-throwing served as the motor
task, performed on a standardized electronic dartboard
that automatically registered accuracy and error
measures. Radial error was used as the primary
performance index, with lower values indicating higher
Conclusion

The present study examined how practice structure and
feedback frequency shape motor memory consolidation
in older adults across two retention intervals (30 minutes
and 24 hours). The findings showed that variable

accuracy. The protocol included an acquisition phase
followed by two retention tests. During acquisition, all
groups completed eight blocks of 15 trials (120 total).
Constant-practice groups threw from a fixed distance,
whereas variable-practice groups practiced from three
distances presented in random order. KR feedback was
provided on the designated proportion of trials within
each group and included information on error magnitude
and direction. Participants were allowed to inspect the
target after each attempt. Retention performance was
assessed 30 minutes and 24 hours after acquisition
through a single 15-trial block with randomized distances
identical across groups. Participants who did not
complete both retention tests were excluded from
analysis

Results

The results of the mixed ANOVA showed a significant
main effect of assessment phase (p = 0.001), indicating
that performance differed across the eighth acquisition
block, the 30-minute retention test, and the 24-hour
retention test. Comparison of means showed that
participants had the lowest radial error (best
performance) in the eighth acquisition block and the
highest error in the 30-minute retention test. A significant
main effect of practice type was observed (p = 0.001),
with the variable-practice groups (M = 3.85) showing
better accuracy than the constant-practice groups (M =
4.26). The main effect of feedback frequency was also
significant (p = 0.01), indicating that higher feedback
frequencies during acquisition resulted in poorer
retention performance. The interaction between
assessment phase and practice type was significant (p =
0.001). Follow-up tests showed that the variable-practice
/ 25% feedback group had the lowest radial error in both
the 30-minute (M = 3.81) and 24-hour retention tests (M
~ 3.44), while the constant-practice / 75% feedback
group showed the highest error values across retention
tests (up to M = 4.72). The interaction of practice x
feedback and the three-way interaction were not
significant. Between-group analysis also showed no
significant differences during acquisition (p = 0.80),
while significant differences emerged at both retention
intervals (p = 0.001).

practice produced superior performance compared with
constant practice in the randomized retention tests.
Across both retention intervals, the variable-practice
group receiving 25% feedback demonstrated the most
robust consolidation, whereas constant-practice groups
with 50% and 75% feedback showed the weakest



performance at the 30-minute interval. At the 24-hour
interval, all constant-practice groups (25%, 50%, 75%)
and the variable-practice group with 75% feedback
exhibited the lowest accuracy. These results align with
evidence supporting the advantages of variable practice
for long-term retention but contradict studies showing
superior outcomes under constant practice , likely due to
differences in task characteristics, participant age, and
skill type. The superior performance under variable
practice may reflect the richer encoding of motor
information under high contextual interference, which
promotes deeper processing, stronger retrieval demands,
and more flexible skill adaptation. Repeated
reconstruction of action plans across varied conditions
enhances the stability and generalizability of motor
memory.

Findings also support the benefits of reduced feedback
frequency for consolidation, consistent with Travlos,
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Boroujeni et al and schema theory Schmidt Lower
feedback frequency encourages self-evaluation, reliance
on intrinsic cues, and greater cognitive engagement,
which collectively foster more durable motor
representations. Although some studies report opposite
patterns, such discrepancies may stem from task
demands and developmental differences in young vs.
older adults.

Overall, reduced feedback and variable practice appear
particularly beneficial for older adults, whose
diminished sleep-dependent consolidation mechanisms
may increase their reliance on enriched learning
environments. These findings have practical
implications for rehabilitation and motor-skill
instruction, highlighting the value of gradually reducing
feedback and incorporating variability to enhance
learning, independence, and long-term retention
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