5

HUMAN MOVEMENT (ISSN 1899-1955)
2022; 23(1): 50-59

CHANGING THE TYPE OF KNOWLEDGE OF RESULTS AFFECTS
THE LEARNING OF A LINE-DRAWING TASK

. © Wroclaw University of Health and Sport Sciences
original paper

DOI: https://doi.org/10.5114/hm.2021.104187

KEVIN M. FISHER, WESTON KARTES, MEGAN GREGORSKI
Central Michigan University, Mount Pleasant, Michigan, USA

ABSTRACT

Purpose. Augmented feedback is information that is inherently unavailable to a learner and must be provided by an outside
source such as an expert or technical display. Such feedback may be divided into knowledge of performance, relating to
movement quality, and knowledge of results (KR), relating to a movement outcome. KR has been examined with respect to
variables such as timing, medium, and precision. In previous research involving a line-drawing task, individuals presented
with higher levels of KR precision outperformed those presented with distracting feedback (nonsense syllables) or none.
The present study sought to extend these findings by comparing the effects of KR types on learning a line-drawing task.
Methods. On day 1, participants (n = 48) practised in 4 groups, receiving unique extrinsic feedback: control (no feedback),
vague, precise, and visual feedback group. On day 2, learning was assessed via retention and transfer testing.

Results. For acquisition, a repeated-measures ANOVA revealed a main effect for block in absolute constant error and variable
error (p < 0.01), indicating improved accuracy and consistency with practice. During testing, results showed a main effect
such that accuracy and consistency during retention were better than transfer (p < 0.01). Follow-up pairwise comparisons
indicated significantly better performance for the visual feedback group when compared with the control group (p = 0.021).
Conclusions. These results suggest that learning a simple task such as line-drawing may improve through verbal or visual

feedback and that the latter medium may be an effective alternative to feedback that is presented verbally.
Key words: feedback, knowledge of results (KR), motor learning

Introduction

Sensory information is generated throughout move-
ment, including periods before, during, and after the
action [1]. Information regarding current or past as-
pects of a performance that may be used as a basis for
improvement is termed feedback and may be subdi-
vided into 2 main categories: intrinsic and extrinsic
[2, 3]. Intrinsic feedback (i.e., response-produced feed-
back) is the internal sensory information received from
movement, while extrinsic feedback (i.e., augmented
feedback) is information received from an outside
source such as an expert or technical display. Although
intrinsic feedback is inherently available to a learner,
extrinsic feedback often comes from experts such as
coaches or educators or a technical display that can
analyse motor patterns or the movement results such
as a video camera or a launch monitor in golf [4]. Feed-

back is critical to skill learning because it provides
valuable information to improve performance and acts
as a tool for learning to continue [1]. Additionally, it
can enhance performer motivation and reinforce de-
sirable behaviours while reducing the occurrence of
undesirable behaviours [5].

Extrinsic feedback can further be broken down
into knowledge of results (KR) and knowledge of per-
formance (KP). KR relates to the movement outcome
in terms of the intended goal of the movement, while
KP focuses on movement execution and relates to
proper technique [6]. In previous research, variables
related to KR have been examined such as timing,
medium, frequency, and precision [7, 8] (for a review,
see Schmidt [9] and Swinnen [10]). Regarding timing,
feedback is generally better when presented with a brief
delay after the movement is completed rather than im-
mediately or concurrently [11]. Regarding the medium
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of feedback, KR has previously been defined as that
which is provided in a verbal form, perceived via audi-
tion, and cognitively processed. This definition, with
its emphasis on the potential verbal nature of KR, may
have emerged as a result of factors related to sensory
perception, communication, and information process-
ing. First, practitioners and learners who can speak to
one another via the same language are likely to express
their thoughts or observations verbally owing to the
natural inclination and efficiency with which verbal
communication may occur. Secondly, there is a ten-
dency of human beings to rely heavily on visual sen-
sory information when perceiving their environment
while potentially allowing it to supersede other senses
(e.g., focusing too much on the optical outcome of a trial
rather than the kinaesthetic awareness necessary to
achieve habitual change in a movement pattern). Fi-
nally, there is a possibility that such intrinsic visual
feedback could be redundant with KR, and thus prac-
titioners strive to add new details or insight to what the
learner may have just experienced. Because of these
factors, other mediums of KR such as relevant visual
or auditory information have not been examined in
previous literature with the same level of detail as ver-
bal KR. However, according to Sigrist et al. [12], tech-
nical advances in recent years have increased the
possibilities to implement various types of unimodal
feedback or multimodal augmented feedback. Regard-
ing frequency of feedback, previous research by Win-
stein and Schmidt [8] has suggested that decreasing
the frequency of KR over time enhances motor skill
learning by reducing practice session performance
but being beneficial to long-term retention and learn-
ing. Precision of feedback addresses the level of ac-
curacy with which KR is presented, and this variable
may change depending on whether qualitative or quan-
titative feedback is delivered. Qualitative feedback
tends to subjectively describe a movement and informs
the performer about areas such as level of correctness,
perceived strengths and weaknesses, or surface fea-
tures, such as force, speed, or distance [4]. Quantita-
tive feedback tends to objectively describe a move-
ment, is data driven, and indicates the direction and
magnitude of error [13].

According to Kluger and DeNisi [14], hypotheses
related to feedback interventions largely have their
origins in the behaviouristic law of effect, which sug-
gests that both positive (reinforcing) and negative (pun-
ishing) feedback interventions should facilitate per-
formance and learning because the former increases
the likelihood of a correct behaviour while the latter
decreases the likelihood of an incorrect behaviour

[15, 16]. Although much of Thorndike’s research in
learning theory involved animals, simple motor tasks
were examined in humans as well (e.g., Bilodeau and
Bilodeau [17], Dees and Grindley [18], MacPherson
etal. [19, 20]). In a study by Trowbridge and Cason [21],
the authors sought to further examine Thorndike’s
theory of learning using such a task that had been ex-
amined previously: line-drawing. Participants were
blindfolded and asked to draw 3-inch lines on sheets
of paper placed in front of them. Four testing condi-
tions were utilized: blank (control), nonsense, right-
wrong, and correct. In the blank testing condition, the
participant was given no feedback. For the nonsense
procedure, the experimenters spoke aloud a different
nonsense syllable after each line-drawing attempt.
In the right or wrong condition, the experimenter said
‘right’ if the participant was within 1/8 of the 3-inch
line in either direction and ‘wrong’ in any other cir-
cumstance. In the correct procedure, experimenters
also indicated that a line was right if it was within
1/8 of 3 inches but provided the participant a specific
error amount if it exceeded this threshold. The results
in order from best to worst performance were as fol-
lows: correct, right-wrong, blank, and nonsense. The
authors concluded that improvements in the task were
due to the type and amount of information that was
received by the participant, and the nonsense syllables
acted to distract participants and produce performance
decrements in comparison with the blank group. In
a brief verbal survey that was administered to partici-
pants at the conclusion of the study, it was discovered
that the principle cues utilized to perform the task
were kinaesthetic cues from the arm and hand. How-
ever, several participants indicated that they visualized
the length of the line that needed to be drawn and
the distance of the required corrections.

The purpose of the current study was to further
examine the conditions under which changing forms
of KR might lead to improvements in a simple motor
task. Specifically, researchers wanted to determine if
factors such as increasing precision or utilizing a visual
medium rather than a verbal one would foster learn-
ing. As a result of this goal, it is important to distin-
guish between motor performance and motor learn-
ing. Performanceis measurable, observable behaviour
that is susceptible to temporal variables such as mo-
tivation or fatigue. Learning is a more permanent neu-
ral process that results from practice and leads to the
formation of motor memory and skill development.
While these concepts are separate and distinct, they
are closely connected because learning is inferred from
performance [3]. As a result of these differences, the
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current study protocol utilized 3 phases: (a) acquisi-
tion, in which participants initially learned the task;
(b) retention, in which participants were tested for
learning outcomes after a 24-hour delay; and (c) trans-
fer, in which participants were tested for skill gener-
alizability after a 24-hour delay via a related but novel
task. Understanding these phases is critical for motor
learning research because both time and sequencing
can influence learning effects in positive and nega-
tive directions [22, 23]. For the current study, KR was
presented in 3 ways: (a) qualitatively vague, in which
the line drawn was verbally reported to be correct,
too long, or too short; (b) quantitatively precise, in which
the line drawn was verbally reported to be correct or
the exact error amount was given; and (c) visually
precise, in which the error amount was shown to the
participant by using a calliper as a visual aid. The hy-
potheses of this study were as follows:

1. In terms of performance and learning, the extrin-
sic KR groups will exceed the control group, who re-
ceived no extrinsic feedback regarding performance.

2. Increasing the precision of KR in the precise and
visual groups will improve performance and learning
when compared with the vague group.

3. The medium of visual KR will be an effective al-
ternative to precise verbal feedback as long as it pre-
sents information that is not redundant to the learner.

Material and methods
Participants

There were 48 participants, including 16 males and
32 females, aged 18-50 years (M = 23.02, SD = 6.04).
This sample size was chosen by using a power esti-
mate that was based on the previous line-drawing
research by Trowbridge and Cason [21]. Mean error
scores of 6.45, 8.62, 5.51, and 1.62 were utilized along
with standard deviation scores of 4.63, 4.65, 5.13,
and 1.61. Power levels were set at 0.80 and alpha was
set at 0.05. On the basis of these results, it was deter-
mined that 48 participants would yield significant
group differences. All participants were native English
speakers, possessed the capability of drawing a straight
line, and were naive to the purpose of the study. The
subjects were not placed under any time limit to per-
form the motor task. Day 1 of the study took approx-
imately 1 hour while day 2 took approximately 20-30
minutes.

52

Apparatus and task

A fourth-generation iPad (Apple, Inc., Cupertino,
USA) with the Drawing Desk application (4 Axis So-
lutions Ltd., Colombo, Sri Lanka) allowed participants
to draw on the screen using the fingertip of the index
finger of their preferred hand. The subjects were asked
to close their eyes and draw what they perceived to be
a 3-inch line over the course of 50 trials during prac-
tice. The following day, participants were asked to draw
20 three-inch lines to test task retention followed by
20 six-inch lines to test transfer. After each line was
drawn, the application screen was cleared before be-
ginning the next trial. Errors were measured to the
nearest 0.001 of an inch; however, a bandwidth of
acceptable error was utilized such that in all groups,
the line was considered correct if it was within 1/8 of
an inch [24]. To assess error, a ruler was first used to
establish 6 inches and the difference between this
standard and the length of each line drawn was meas-
ured with an absolute origin digital calliper (iGaging
OriginCal, San Clemente, USA), which extended just
past 6 inches (6.154 inches) and measured to the near-
est 0.001 of an inch. After each trial was complete,
measurements were recorded in a spreadsheet on
a laptop computer.

Procedure

This study occurred over 2 days, with the acquisi-
tion phase taking place on the first day and the test-
ing phase taking place at approximately the same
time on the second day. During acquisition, participants
signed their informed consent, responded to a short
verbal questionnaire regarding demographic informa-
tion, and drew a 3-inch line for 50 trials. They were
randomized into 4 different testing conditions, with
each condition including 12 participants. The first con-
dition was the control group (CTRL), provided with no
extrinsic feedback after each drawing trial. Accord-
ing to Salmoni et al. [7], precision refers to manipula-
tions that alter the accuracy of error information such
as the number of figures presented or the smallest units
of measurement (e.g., time, force, or distance). The least
precise feedback offers simply qualitative terminology
such as ‘(in)correct, ‘long,” ‘short,” ‘left,” or ‘right’. There-
fore, in the second condition, termed vague (VGE) ow-
ing to the nature of the precision, participants were
only told if the line was correct, too short, or too long
as a form of feedback. However, the precision of feed-
back can be increased by including both qualitative
and quantitative elements. In conjunction with this
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greater precision, the third condition was termed pre-
cise (PRCS), and the individuals were informed if the
line was correct or told the exact direction and mag-
nitude of the error to the nearest 0.01 of an inch. In
the final condition, termed visual (VSL), the subjects
were informed if the line was correct or told the direc-
tion and shown the magnitude visually by displaying
the gap in the calliper, without being able to see any
numbers related to error. This fourth and final con-
dition was so named because of the visual rather than
verbal nature of the quantitative feedback. In all con-
ditions, participants were asked to close their eyes
while they drew the line and while they handed the
tablet back to researcher, so they were unable to see
the result of their movement and instead had to rely
upon mental or kinaesthetic cues.

After a 24-hour delay, the subjects performed the
testing phase, which first consisted of a retention test
that was followed by a transfer test. During reten-
tion, participants were asked to draw a 3-inch line
for 20 trials with no feedback. During transfer, they
were given a more challenging task in which they
were asked to draw a 6-inch line for 20 trials without
feedback. Accuracy values were recorded immedi-
ately after each trial. The initial phase (day 1) of this
study was labelled as the acquisition phase while the
second phase (day 2) was labelled as the testing or
learning phase. The purpose of testing performance
after a 24-hour delay was to separate the temporary
effects of performance from the relatively permanent
effects of retention.

Dependent measures

The dependent measure was the accuracy or inac-
curacy of the length of each line produced. For exam-
ple, if the line drawn was 1/4 inch longer than the
correct length, it was recorded as 0.25, while a line
that was drawn 1/4 of an inch shorter than the cor-
rect length was recorded as -0.25. If the line drawn
was within + 1/8 of an inch (0.125), it was consid-
ered correct and recorded as an error amount of zero.
Learning was assessed by examining the differences
in the requested line length and the actual line length.
Owing to the generally positive result of performance
repetitions on a motor skill, it was not expected that
there would be any negative effects on learning.

Data treatment and analyses

The acquisition phase, which consisted of 50 trials,
was split into 10 blocks, each consisting of 5 trials.

To assess differences in performance between groups
during acquisition, a 4 (group) x 10 (block) repeat-
ed-measures ANOVA was performed. To assess differ-
ences during retention and transfer, a 4 (group) x 2
(testing condition) repeated-measures ANOVA was
performed. Accuracy was examined with measures
of constant error (CE) and absolute CE (ACE), while
consistency was determined with variable error (VE).
CE measured the response bias in relation to a target
measure, ACE measured the magnitude of the error
without considering direction, and VE measured the
consistency of the movement. For all post-hoc pair-
wise comparisons, Sidak analyses were performed.
For violations of sphericity, Greenhouse-Geisser cor-
rections were used. The alpha level for all analyses was
set at 0.05 and partial eta squared values were noted
and subsequently reported where appropriate. Vari-
ables for the study were normally distributed.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Decla-
ration of Helsinki, and has been approved by the in-
stitutional Internal Review Board.

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.

Results
Acquisition (practice)
Absolute constant error’

A repeated-measures ANOVA revealed a nonsig-
nificant block x condition interaction: F (9.67, 44) =
0.647, p = 0.766, n° = 0.042. There was a main effect
for block: F (3.22, 44) = 6.07, p < 0.001, n* = 0.121,
indicating improved accuracy with practice. Follow-up
Sidak comparisons indicated that all feedback groups
outperformed the CTRL group (p < 0.05) (Figure 1).
For ACE, the CTRL group averaged 0.449 (SD = 0.095),
the VGE group averaged 0.198 (SD = 0.075), the PRCS
group averaged 0.132 (SD = 0.067), and the VSL group
averaged 0.154 (SD = 0.079). These degrees of free-

! Constant error was also examined for each of the study phases
but yielded nonsignificant results, presumably owing to the can-
celling of directionally-opposite scores. Since constant error yielded
no additional insight into performance patterns, it is omitted here.
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dom were the result of using Greenhouse-Geisser cor-
rections where sphericity was violated.

Variable error

A repeated-measures ANOVA revealed a nonsig-
nificant block x condition interaction: F (15.76, 44) =
1.22, p = 0.258, * = 0.076. There was a main effect
for block: F (5.26, 44) = 6.36, p < 0.001, n* = 0.126,
indicating improved consistency with practice. Follow-
up Sidak comparisons indicated no significant differ-
ences between groups (Figure 2). For VE, the CTRL
group averaged 0.269 (SD = 0.043), the VGE group
averaged 0.290 (SD = 0.046), the PRCS group aver-
aged 0.269 (SD = 0.067), and the VSL group averaged
0.269 (SD = 0.079).

Retention and transfer (testing)
Absolute constant error

A repeated-measures ANOVA revealed a nonsig-
nificant test X condition interaction: F (3, 44) = 1.99,
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Figure 2. Variable error (VE) during
acquisition for all conditions

p = 0.130, 7* = 0.119. There was a main effect for test:
F(1,44) = 37.56, p < 0.001, n* = 0.461 (Figure 3). For
retention testing, follow-up Sidak comparisons indi-
cated no significant differences (Figure 4); however, for
transfer testing, follow-up Sidak comparisons indicated
that the CTRL group was significantly outperformed
by the VSL group (Figure 5).

In retention testing (Figure 4), the CTRL group av-
eraged 0.328 (SD = 0.365), the VGE group averaged
0.284 (SD = 0.260), the PRCS group averaged 0.184
(SD = 0.147), and the VSL group averaged 0.156 (SD =
0.136). In transfer testing (Figure 5), the CTRL group
averaged 1.09 (SD = 0.640), the VGE group averaged
0.564 (SD = 0.524), the PRCS group averaged 0.651
(SD = 0.469), and the VSL group averaged 0.502 (SD =
0.360).

Variable error

A repeated-measures ANOVA revealed a nonsig-
nificant test x condition interaction: F (15.76, 44) =
1.22, p = 0.258, 1" = 0.076. There was a main effect for
test: F (9, 44) = 6.36, p < 0.001, n* = 0.126, such that
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participants demonstrated more consistency in reten-
tion than transfer (Figure 6). Follow-up Sidak compa-
risons indicated no significant differences between
groups.

In retention testing, the CTRL group averaged 0.349
(SD = 0.195), the VGE group averaged 0.384 (SD =
0.185), the PRCS group averaged 0.368 (SD = 0.117),
and the VSL group averaged 0.312 (SD = 0.09). In
transfer testing, the CTRL group averaged 0.437 (SD =
0.124), the VGE group averaged 0.526 (SD = 0.177),
the PRCS group averaged 0.457 (SD = 0.109), and the
VSL group averaged 0.451 (SD = 0.107).

Discussion

The purpose of this study was to examine the con-
ditions under which changing forms of KR might lead
to improvements in a simple motor task by determin-
ing if factors such as increasing precision of KR or
utilizing a visual medium rather than a verbal one
would foster learning. In comparison with a control
condition that received no extrinsic feedback, 3 types
of KR were examined: qualitative vague KR, quanti-
tative precise KR, and visually precise KR. It was hy-
pothesized that participants in the 3 extrinsic feed-
back groups would exceed the CTRL group in terms of
performance and learning. This hypothesis was par-
tially supported; participants in the VGE, PRCS, and
VSL groups outperformed those in the CTRL group
during acquisition, suggesting that extrinsic feedback
and, specifically, qualitative or quantitative KR, can
enhance performance on a line-drawing task. Signifi-
cant differences between groups were not observed
during retention testing, but data indicated trends in
this direction (Figure 4). Finally, significant differences
between the CTRL and VSL groups were observed in
transfer testing, and both the VGE and PRCS groups
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Transfer

Figure 6. Comparison of variable error (VE)
scores across retention and transfer

demonstrated lower error scores than the CTRL group,
adding support to this hypothesis (Figure 5). Upon an
examination of acquisition scores, results seem to sup-
port those obtained by Thorndike [16], Trowbridge
and Cason [21], or Bilodeau et al. [25], who suggest
that learning requires both sufficient practice and an
understanding of stimulus-response pairings (i.e., con-
nections between movements and outcomes). Propo-
nents of such a behaviouristic learning theory may
advocate that error scores cannot be significantly re-
duced in the absence of feedback, and thus KR is a nec-
essary component to the improvement and learning of
even a simple motor task such as line-drawing. How-
ever, results from retention and transfer testing were
mixed. Retention testing showed no significant differ-
ences between groups, implying that the CTRL group,
while seeming to struggle during acquisition, was
learning components of the task that would aid per-
formance later. These testing results support the idea
that KR in a simple motor task such as line-drawing
may be beneficial to learning but is not a requisite
component of learning. When examining changes in
experimental performance over the course of multiple
days, it may also be pertinent to consider psychologi-
cal factors such as familiarity with the task or proce-
dure, comfort level in the experimental setting, or
the influences of emotions such as confidence, bore-
dom, or frustration. It may be the case that partici-
pants in all groups felt comfortable with the task and
protocol after the acquisition phase, which aided per-
formance during testing. However, groups that received
feedback may have experienced higher levels of frus-
tration with the task since their success or failure was
reported after each trial.

The second hypothesis of this study stated that in-
creasing the precision of KR would improve perfor-
mance and learning. This hypothesis was not sup-
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ported; participants in the VGE group performed
similarly to the PRCS and VSL groups, although the
PRCS and VSL groups experienced higher levels of
feedback precision and should have been able to apply
this additional information to correct their errors more
accurately [7]. However, according to Anderson et al.
[5], more precision may not necessarily be better in
terms of extrinsic feedback. If the detail of the precision
is too great or if less feedback is sufficient to success-
fully complete the task, the additional information is
likely to be discarded. These similarities in perfor-
mance between the groups may be due to limitations
of the current study, including task complexity and
the units of measurement that were utilized. The task
examined was relatively simplistic in terms of cogni-
tive and motor demands. A task of greater complexity
(i.e., more limbs involved, steps, or dimensions of error)
may have been more apt to tease apart performance
differences between the various KR groups because
of the increased possibility for errors and the value of
feedback in correcting them. Additionally, the units
used in this study were standard inches, which all
participants had likely been familiar with previously,
even if to varying degrees. In retrospect, it may have
been more equitable and demanding to use a new,
random unit of measurement that participants would
have to learn and adjust to as they gained experience in
the study (i.e., an imaginary unit). This methodologi-
cal change may have provided a better opportunity for
the subjects in separate groups to demonstrate greater
improvements and learning effects.

Finally, the third hypothesis of this study stated
that precise visual KR would be an effective alternative
to precise verbal KR. This hypothesis was supported;
there were no significant differences in performance
or learning between the VSL and PRCS groups, sug-
gesting that novel, augmented visual KR related to the
performance of a simple motor skill could effectively
convey movement error and lead to improvement. Dur-
ing transfer testing, differences in performance were
found to be greater between the VSL and CTRL groups
than the PRCS and CTRL groups, suggesting that,
where appropriate, visual KR could act as an equally
potent but more efficient means of communicating in-
formation. Consider, for example, a coach who could
show an athlete a snapshot of their outcome rather than
explaining the results in detail. Assuming that the
necessary technology is available, such a scenario could
be beneficial to both parties in terms of the accuracy,
consistency, and efficiency of information dissemi-
nation. These results suggest that the verbal aspect of
KR not be emphasized when defining KR as in Sal-

moni et al. [7]. In instances such as the current study
where a visual aid may be used to provide KR or in a
musical or rhythmical setting where an auditory aid
may be used, it seems evident that the medium can
change with the context and can be equally effective
as verbal KR, provided that the information present-
ed is not redundant with intrinsic feedback.

These findings support those of previous research-
ers who have concluded that augmented feedback is an
important determinant of motor learning, and vari-
ables regarding KR such as precision and medium are
critical to consider (e.g., Liu and Wrisberg [26], Sigrist
et al. [12]). These results also support and extend those
achieved by Trowbridge and Cason [21], who deter-
mined that improvements in a line-drawing task were
due to the type and amount of information provided.
Specifically, these observations indicate that perfor-
mance may improve through verbal or visual feed-
back and that the latter medium may be an effective
alternative to feedback that is presented verbally and
perceived via audition. Movement practitioners such
as physical educators, coaches, or therapists who have
limited time with learners (e.g., students, athletes, or
clients) are likely striving to find the most effective
means of communicating feedback to motor skill learn-
ers in a timely fashion. These findings suggest that
KR in a visual medium may be as effective as a verbal
explanation and more efficient in terms of delivery
and communication. Additionally, it is possible that
participants who readily utilize mental imagery or vis-
ual cues may benefit more from visual feedback, al-
though more research is needed in this area.

Limitations

Broadly, this study addressed the unique demands
of performing a simple motor task that involved draw-
ing a digital line of a required length. Specifically, the
structure of this project consisted of drawing a line on
a tablet, performed in a controlled environment. This
type of motor task may not generalize to environments
outside of the purview of this study [27]. Participants
for this task ranged in age from 18 to 50 years, which
constitutes a gap of 32 years. With such a large range,
there is a possibility that age-related variables such
as dexterity, fine motor control, or visual acuity could
play a role in the results. Additionally, as mentioned
previously, a more complex motor task that featured
a novel error metric in which participants had to gain
understanding and familiarity may have been better
able to discern group differences depending on types
or degrees of feedback.
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Conclusions and future directions

In conclusion, the results of this study (1) support
previous research that indicates that feedback in the
form of both qualitative and quantitative KR that is
timely, relevant, and precise can facilitate performance
and learning of a motor skill in comparison with con-
ditions in which no feedback is present. This finding
was evidenced by the improved performance of the 3
feedback groups in comparison with the control group.
These results also (2) extend previous research by sug-
gesting that visual forms of KR, when available, may
constitute an effective alternative to lengthier verbal
explanations of error. This finding was evidenced by
the similar improvements in performance observed
in the group that received precise verbal KR and the
group that received visual KR. Such a visual mecha-
nism may be helpful to individuals who regularly uti-
lize imagery as a facilitator of learning.

Future directions of research should include test-
ing specific populations that movement practitioners
like educators or coaches often interact with such as
children or athletes. Indeed, previous research sug-
gests that there may be differences between children
and adults in learning and performance of tasks in-
volving fine motor skills and manual dexterity [28].
Future studies could also utilize more complex motor
tasks to generalize potential benefits of increasing KR
precision or applying visual forms of feedback. Finally,
other mediums of feedback such as auditory clips,
kinaesthetic cues, or video replay could be examined
for tasks in which these are practical or appropriate.
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