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Extended Abstract

Introduction

Motor learning is an internal process that occurs through
practice and experience, leading to relatively permanent
improvements in skilled performance (Schmidt & Lee,
1988). A key factor influencing motor learning is the
type and variability of practice. Variability of practice—
whether it involves changes in task parameters or
execution methods—is recognized as an essential
component in developing adaptable and transferable
motor skills (Magill & Anderson, 2014). According to
Schema Theory (Schmidt, 1975), varied practice
strengthens motor schemas by allowing individuals to
experience a wider range of parameters, which improves
retention and transfer compared to repetitive or constant
practice. Two influential frameworks that emerge from
practice variability are contextual interference (Cl) and
differential learning (DL). Contextual interference
refers to the disruption that occurs when multiple tasks
or variations of a task are practiced in an interleaved or
random order, rather than in a blocked sequence (Shea
& Morgan, 1979). Although random practice often
results in poorer performance during acquisition, it
promotes better retention and transfer due to enhanced
cognitive processing and problem-solving demands
(Magill & Hall, 1990). Conversely, differential learning
is based on dynamic systems theory and emphasizes the
importance of fluctuations and variability in movement,
which enhances self-organization and adaptability
(Schollhorn, 2004). Instead of minimizing variability,
DL intentionally introduces perturbations in movement
execution,  encouraging learners to  explore
individualized, context-dependent motor solutions.
While both approaches highlight variability, Cl focuses
on cognitive mechanisms such as elaboration and
reconstruction, whereas DL emphasizes self-organizing
mechanisms that arise from the dynamic interactions
between the performer, the task, and the environment.
However, few studies have directly compared these two
approaches, particularly regarding their impact on
mental representations—a cognitive construct that
reflects how movements are organized and stored in
long-term  memory  (Schack, 2004). Mental
representations play a crucial role in motor control, as
skilled performers tend to have more structured and
functionally organized mental representations compared
to novices (Frank et al., 2014). Therefore, investigating
how different types of practice variability affect both
learning outcomes and the structure of mental
representations can enhance our understanding of
cognitive-perceptual processes in motor learning.

The present study aimed to examine the effects of
differential practice and contextual interference on

learning and mental representation within the context of
a golf putting task. Specifically, it compared random and
blocked practice conditions within each approach to
assess their influence on acquisition, retention, transfer
performance, and changes in the structure of mental
representation.

Methods

This semi-experimental study utilized a pre-test,
acquisition, retention, and transfer design, including a
control group. Fifty right-handed female students aged
20 to 35 from Alzahra University in Tehran participated
voluntarily. All participants had normal or corrected-to-
normal vision and no prior formal golf experience. They
were randomly assigned to five groups:

1) Random Differential Learning (R-DL)

, 2) Blocked Differential Learning (B-DL)

, 3) Random Contextual Interference (R-Cl)

, 4) Blocked Contextual Interference (B-ClI)

, and 5) Control Groups.

Task and Equipment: Standard golf clubs and balls were
used, and circular targets with an 11 cm diameter were
placed on a 9x4 meter grass surface. The Structure
Dimensional Analysis of Mental Representation (SDA-
M) software was employed to assess participants' mental
representation structures before and after training.
Procedure: In the pre-test, participants first completed
the mental representation task and then performed 15
putts from a distance of 3 meters. During the acquisition
phase, each participant completed 12 blocks of 15 putts
(180 total), following the specific practice protocols for
their assigned group. For the R-DL group, participants
varied their movement patterns in an unpredictable
order (e.g., altering stances, swing amplitudes, or grip
pressures). In the B-DL group, the same variations were
practiced in a blocked sequence. The R-CI group
practiced putts to different targets (2, 3, and 4 meters) in
random order, while the B-CI group practiced from one
distance at a time in a fixed order. The control group did
not practice between the pre-test and post-test

. Twenty-four hours after the acquisition phase, all
participants completed a retention test (15 putts from 3
meters) and a transfer test (15 putts from 5 meters).
Data Analysis: Accuracy, measured as the distance from
the ball to the target, served as the primary performance
metric. Data analysis involved repeated-measures and
one-way ANOVAs with post hoc tests (p < .05). Mental
representation structures were evaluated using cluster
analysis (SDA-M), with significant linkages identified
based on a critical distance (d_crit = 3.41).
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Results

No significant differences were observed among the
groups in the pre-test, confirming homogeneity at
baseline. During the acquisition phase, a significant
main effect of group was identified (F(3, 36) = 13.05, p
<.001, n?p = 0.52). Post hoc comparisons indicated that
the R-DL group performed significantly worse than the
other experimental groups, suggesting that increased
variability initially hindered accuracy.

In the retention test, both the R-DL and R-CI groups
demonstrated significantly higher accuracy compared to
their blocked counterparts (p < .001). The control group
had the lowest performance overall. In the transfer test,
both DL groups (random and blocked) outperformed all
Cl groups (p < .001), indicating that skills learned
through DL protocols were more adaptable.

Mental representation analyses showed no meaningful
structure in any group during the pre-test. However, in
the post-test (retention phase), only the R-DL group
exhibited a significant and functionally organized
cluster structure, which indicates enhanced integration
of action concepts. The invariance analysis confirmed a
significant structural change between pre- and post-test
representations only for the R-DL group (A > 0.68).

Conclusion

The study concludes that the continuous fluctuations
and variability characteristic of differential learning
(DL) promote more adaptable motor behavior and more
organized mental representations compared to
contextual interference (CI) training. The dynamic
exploration involved in DL allows learners to self-
organize and identify individualized, context-specific
coordination patterns that transfer effectively to new
tasks. In contrast, while CI enhances retention through
cognitive mechanisms, its capacity for generalization
seems to be weaker.

These findings suggest that combining the principles of
DL and CI could offer comprehensive benefits: DL
fosters sensorimotor adaptability, while Cl supports
cognitive differentiation. Coaches and instructors are
encouraged to integrate noise-based, exploratory
training methods instead of relying solely on repetitive
or blocked routines, especially when the goal is to
enhance adaptability and long-term skill retention.
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