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Article Info ABSTRACT

Article type: Objective: Action outcome is considered essential for motor learning, yet its
Research Article specific influence on the structure of mental representations of action remains
unclear. Grounded in the cognitive architecture approach of action, this study
investigated the effect of action outcome availability during practice on both motor
performance and the functional organization of mental representations during
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IVI ental representation refers to internal

images reflecting the external world. In
motor actions, it is a significant concept
debated among theories. Cognitive theories
regard it as crucial for motor learning.
Schmidt's (1975) schema theory introduces
recall and recognition schemas that provide
parameters and verify movement accuracy.
The generalized motor program controls
movement classes with fixed relative timing,
force, and sequence.

Ecological perspectives deny  mental
representations. Dynamical systems theory
holds that perception is direct, and

individuals explore the environment to
perceive affordances without interpretation
or long-term memory.

A third  perspective—the  cognitive
architecture approach to action—posits that
mental representation is a cognitive structure
formed from perceptual consequences of
actions and develops through practice. It
introduces "basic action concepts" (BACS),
representing important movement
components. The organization of BACs in
memory reflects the functional structure of
movement and guides subsequent executions.
The closer the sequence resembles the actual
biomechanical structure, the stronger the
mental representation and performance. This
approach has created a unique experimental
method for measuring mental representation.
Which  variables influence mental
representation structure remains open. Since
mental representation is fundamental to
motor learning, variables affecting motor
learning can influence it. Practice type

(blocked vs. random) affects mental
representation  structure, with random
practice leading to more structured
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representations.

Feedback is extensively studied in motor
learning. Feedback is divided into extrinsic
and intrinsic categories, with intrinsic
feedback also called inherent feedback.
Sensory  feedback, particularly action
outcome feedback, is crucial for motor
learning and error correction. According to
internal models, feedback updates internal
models during practice, enhancing learning.
Although the importance of feedback is well-
established, the effect of action outcome
feedback on mental representation structure
has not been investigated.

Methods

Participants

Twenty right-handed male non-physical
education students (mean age 23 + 3.6 years)
with no prior golf experience participated.
Physical education students were excluded
due to possible advanced motor experience.
Participants had no history of fractures or
neurological disorders, confirmed by self-
report. They were randomly assigned to a
feedback group (n=10) and a no-feedback
group (n=10).

Task

The task was golf putting from different
distances toward a target at 244 cm. Standard
golf clubs and balls were used. A circular
paper target (diameter 10.8 cm) served as the

goal.
Data Collection Procedure
Upon entering the laboratory, each

participant was randomly assigned to a
group. After resting, they received a consent
form and personal information questionnaire.
A video of an expert performing the golf
putting task was shown from a sagittal view
at 50% normal speed. To assess initial mental
representation  structure, a  structural
dimensional analysis of mental
representation (SDA-M) was performed.

The task was objectively divided into
components, each recognized as a basic
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action concept. These concepts for golf
putting were: (1) shoulder alignment parallel
to target line, (2) head balance, (3) club grip
method, (4) focus on target, (5) square
clubface relative to target line, (6)
maintaining triangle formed by arms and
shoulders, (7) distance between ball and
shoulders, (8) shoulder rotation toward ball,
(9) increasing club speed, (10) accuracy of
hitting ball, (11) directing square clubface
toward target at impact, (12) tracking ball,
(13) shoulder rotation after ball contact, (14)
decreasing club speed, (15) directing
clubhead toward ball, and (16) observation.
These BACs can be assigned to four
movement phases: preparation (concepts 1-
4), backswing (concepts 5-7), forward swing
(concepts 8-11), and follow-through
(concepts 12-16). The SDA-M process
consists of four stages: (1) splitting the task
into BACs, (2) hierarchical cluster analysis to
identify expert group structure, (3) factor
analysis to reveal dimensions of BACs, and
(4) examining stability of cluster solution.
To reveal distances between BACs in
memory, a splitting task was used on a
computer system displaying golf putting-
related BACs. One BAC was presented as an
anchor, while others were presented
sequentially in random order. Participants
judged whether each BAC was related to the
anchor concept during movement execution.
After completing the list, the next concept
was selected as anchor, and the process
continued.

The experimenter explained BACs to ensure
understanding. Instructions on the monitor
guided participants to determine whether
BACs were related during movement. After
explanations, participants performed the
splitting task to determine their initial
cognitive representation structure.

After determining initial mental structure,
participants participated in a pre-test of 15
trials, putting toward the target with the goal

of stopping the ball on target. After each pultt,
distance between ball edge and target edge
was measured in centimeters as movement
accuracy.

Participants  then  entered  practice,
performing 150 putts in 10 blocks of 15 trials
(2-minute rest between blocks). The feedback
group stood at the starting point and putted
toward the target. To match conditions with
the no-feedback group, they wore vision-
occluding glasses, but in the feedback group,
the glasses did not block vision. In the no-
feedback group, participants wore similar
glasses. A laser gate was placed after the ball
position; as soon as the ball passed, the
glasses closed, preventing seeing where the
ball stopped. During practice, putting
accuracy was measured.

One day (24 hours) after practice,
participants returned to the laboratory.
Similar to the pre-test, they first performed
the mental representation structure test,
followed by 15 retention trials.

Data Analysis

For movement accuracy, independent t-tests
were used at each stage. Mental
representation structure was assessed through
hierarchical cluster analysis. For all cluster
analyses, 0=0.05 was selected, resulting in
dcrit=3.41. Links between BACs above this
value were considered statistically unrelated,
while related BACs below this threshold
were considered related. To evaluate
differences between cluster solutions,
invariance analysis was performed. When
2>0.68, two cluster solutions were
considered different; when A<0.68, they were
not significantly different. To evaluate
similarity  between  practice  groups'
representations and experts, the adjusted
Rand index (ARI) was used. This index
operates on a scale of (-1 to 1), where -1
indicates completely different cluster
solutions and 1 indicates completely identical
solutions. Mental representations of 10 expert
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performers (with 10 years of golf and mini-
golf experience) who demonstrated the four
movement phases well were used as a
reference structure.

Results

Movement Accuracy

Independent t-test results for the pre-test
showed no significant difference between
groups (t=0.03, df=18). In acquisition, results
showed a significant difference (t=-2.58,
p=0.019, df=18). Comparison of means
showed the no-feedback group had higher
error (feedback group mean=45.084, no-
feedback group mean=62.88). In retention,
the difference was significant (t=-5.55,
p<0.001, df=9.94). Notably, the equal
variances assumption was not met, so
corrected degrees of freedom were used.
Mental Representation Structure

In the pre-test, no significant cluster existed
for either group. Statistical invariance
analysis confirmed a significant difference
between mental representation structures in
pre-test and post-test for both groups
(2>0.68). In the feedback group, clustering
occurred in three functional units: first cluster
related to preparation phase (concepts 1, 2, 3,
4), second cluster to forward swing phase
(concepts 8, 9, 10, 11, 12), and third cluster
to follow-through phase (concepts 13, 14, 15,
16). In the no-feedback group, clustering in
the post-test was performed in one functional
unit including concepts 2 (head balance), 3
(club grip method), and 4 (focus on target),
all related to the preparation phase.

To assess functional adaptation, the pattern of
mental representation of golf experts was
compared with pre-test and post-test patterns.
The adjusted Rand index indicated that both
groups in the pre-test had negligible
similarity to expert performance. ARI values
in pre-test were 0.05 and 0.06 for feedback
and no-feedback groups, respectively. In the
post-test, these values increased to 0.52 and
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0.20 for the same groups.

Discussion

The group with access to action outcome
feedback during practice had higher accuracy
in both practice and retention tests compared
to the group deprived of action outcome
feedback. This result was expected given
existing literature. From various
perspectives, action outcome feedback is
argued to be crucial for learning. Cognitive
perspectives  believe action  outcome
feedback plays an important role in motor
learning by facilitating the formation of
relationships between movement outcomes
and used parameters (recall schema). These
perspectives  also  believe  feedback
strengthens motor learning by helping form
relationships between sensory consequences
and movement outcomes (recognition
schema). Without sensory feedback, these
rules cannot form, and learning cannot occur.
Another cognitive theory is the internal
model theory, according to which feedback
updates direct and inverse models. From a
perceptual perspective, sensory feedback
facilitates adaptation to affordances and fine-
tuning of movement. This means feedback
enables faster recognition of affordances
when placed in a similar environment next
time.

From the newer perceptual-cognitive
perspective, feedback acts as a fundamental
concept for perceiving the phenomenon and
subsequently forming mental
representations.  Cognitive  approaches
emphasize the role of action effects during
selection, planning, and execution. The core
idea of perceptual-cognitive approaches is
that motor actions are guided by
representations containing information about
perceptual effects of motor actions. Actions
are fundamentally guided by cognitively
represented effects. Motor actions help
individuals make changes in the environment
(perceptual effects), and in turn, perceptual



effects act as critical control variables for
guiding future motor actions. As an action is
executed, its dependent effects are perceived,
and this information is stored as effect
representations. Accordingly, practice leads
to more detailed effect representations, which
more effectively guide and control actions.
This approach is named the cognitive
architecture of action.

The findings largely align with this idea. The
group deprived of action outcome feedback
had a less structured mental representation
compared to the group benefiting from
outcome feedback, and was functionally less
similar to experts’ mental representation
structure. This indicates that without
important perceptual consequences, mental
representation does not form properly.
According to the cognitive architecture of
action approach, motor actions are organized
hierarchically, with two main systems: the
mental system and the sensorimotor system.
Each system includes two levels of action
organization. The mental system has a mental

control level (level 1V) and a mental
representation  level (level IlI); the
sensorimotor  system  consists of a

sensorimotor representation level (level I11)
and a sensorimotor control level (level 1).
Two levels with regulatory functions serve as
control inputs, and two levels with
representational functions serve as reference
institutions. By directly translating intentions
into actions—translating movement intention
into actual movement—sensory
consequences are considered an important
variable for forming mental representation.
When important sensory consequences
(visual) were removed, mental representation
did not form properly.

An important point is that although the no-
feedback group's mental representation was
not as structured, it had a significant cluster
in retention. The probable reason is that
individuals may have used other feedback
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sources (such as proprioception) to form this
structure, as these sources were not removed.
This argument is supported by improvement
from pre-test to post-test. This feedback
information can be considered a weaker
version of sensory information, which,
although facilitating mental representation
formation, does not result in a representation
as structured as visual information. The
possibility of forming mental representation
without actual feedback exists, and it may
even create stronger mental representation
than actual execution. For example, mental
imagery may create more structured mental
representation than actual execution,
seemingly contradicting current research.
However, imagery is a cognitive mechanism,
likely having greater impact on cognitive
dimensions of the task (such as mental
representation structure), a point also
mentioned in previous findings. How similar
actual feedback is to imagined feedback and
what effects removing these two types has on
mental representation structure requires
future investigation.

Conclusion

Overall, sensory feedback plays a role as an
important variable for creating mental
representation, and removing this variable
can largely destroy its structure. These
findings were justified by the cognitive
architecture of action approach.

Access to action outcome feedback during
practice is crucial not only for performance
improvement but also for developing a
functionally well-organized mental
representation of movement. These findings
strongly support the cognitive architecture
approach to action.

Keywords: Mental representation, intrinsic
feedback, motor learning.
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Article message

This study investigated the effect of intrinsic
visual feedback on motor learning and mental
representation structure in a golf putting task.
Grounded in the cognitive architecture
approach of action, the findings demonstrated
that access to intrinsic visual feedback during
practice is crucial not only for performance
improvement but also for developing a
functionally well-organized mental
representation of movement. The visual
feedback group exhibited significantly lower
error during acquisition and retention
compared to the no-feedback group. Both
groups developed more structured mental
representations after practice, but the visual
feedback group showed functionally
meaningful clustering and significantly
higher similarity to the expert structure.
These findings highlight a critical
consideration for coaches and practitioners:
intrinsic visual feedback of action outcomes
plays an essential role in shaping cognitive
representations that guide future motor
executions.  Training programs should
therefore ensure that learners have access to
relevant intrinsic feedback during practice to
facilitate both performance improvement and
the development of well-structured mental
representations. The results strongly support
the cognitive architecture approach to action.
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