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Studies have consistently shown that prospective metacognitive judgments of learning are
often inaccurate because humans mistakenly interpret current performance levels as valid
indices of learning. These metacognitive discrepancies are strongly related to conditions of
practice. Here, we examined how the type of feedback (after good versus poor trials)
received during practice and awareness (aware versus unaware) of this manipulation
affected judgments of learning and actual learning. After each six-trial block, participants
received feedback on their three best trials or three worst trials and half of the participants
were made explicitly aware of the type of feedback they received while the other half were
unaware. Judgments of learning were made at the end of each six-trial block and before the
24-h retention test. Results indicated no motor performance differences between groups in
practice or retention; however, receiving feedback on relatively good compared to rela-
tively poor trials resulted in significantly higher judgments of learning in practice and
retention, irrespective of awareness. These results suggest that KR on relatively good ver-
sus relatively poor trials can have dissociable effects on judgments of learning in the
absence of actual learning differences, even when participants are made aware of their
feedback manipulation.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

In motor learning, knowledge of results (KR) refers to movement outcome information regarding the success of a motor
response relative to a task goal that can be provided from an external source such as a coach, therapist, or teacher (Salmoni,
Schmidt, & Walter, 1984; Schmidt & Lee, 2011). To date, much of the motor learning research concerned with the provision
of KR has been theoretically driven by the guidance hypothesis (Salmoni et al., 1984). In a seminal review and reappraisal of
the KR literature, Salmoni et al. (1984) acknowledged secondary motivational and associational functions of KR, but placed
greater emphasis on the importance of the informational role of KR. The authors proposed that KR provided information to
guide the performer to the goal response by resolving any discrepancies between the performer’s intended movement and

the actual movement outcome.
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More recently however, the guidance hypothesis has been criticized for overemphasizing the informational properties of
KR at the expense of its motivational influences on motor learning (e.g., Chiviacowsky & Wulf, 2007; see Wulf, Shea, &
Lewthwaite, 2010 for a review). For example, Chiviacowsky and Wulf (2007) investigated the effectiveness of providing
KR about either the three best (i.e., “good”) or the three worst (i.e., “poor”) trials in a six trial block while participants learned
to throw a beanbag toward a target without vision using their non-preferred hand. It was found that providing KR about
relatively “good” rather than relatively “poor” trials was more advantageous for learning as measured by motor performance
on a next-day retention test. The authors interpreted this finding to be incongruent with the guidance function (i.e., infor-
mational) of KR on the grounds that it would be expected that KR provided after larger errors (or poor trials) would be more
beneficial for learning than KR after smaller errors (or good trials)." Instead, Chiviacowsky and Wulf (2007) proposed that KR
after good, rather than poor trials, may have created a motivational success experience for the learners, which in turn enhanced
the learning process. From this perspective, the motivational properties of KR might have a more direct and lasting influence on
memory and learning than the indirect and transient effect originally proposed by Salmoni et al. (1984).

In recent years a number of experiments have replicated the motor learning benefits of providing KR on relatively good
versus relatively poor trials with researchers associating KR after good trials with motivational factors such as increased self-
confidence (Badami, VaezMousavi, Wulf, & Namazizadeh, 2012) and increased self-efficacy (Saemi, Porter, Ghotbi-Varzaneh,
Zarghami, & Maleki, 2012). Moreover, researchers have also queried participants on whether the feedback they received dur-
ing practice (i.e., after their 3 best or 3 worst trials) facilitated their motivation to learn the task with some researchers find-
ing higher motivation for KR after good trials (Badami, VaezMousavi, Wulf, & Namazizadeh, 2011) while others have
reported no differences (Patterson & Azizieh, 2012). The conclusions of Badami et al. (2011), in which they attributed the
learning advantages of KR on relatively good trials to increased intrinsic motivation must be interpreted with caution
because the authors did not report any behavioral data regarding motor performance and learning based on the KR manip-
ulation. Thus, these higher levels of motivation may have only been a transient performance effect of the KR they received
rather than having a relatively permanent effect on learning. In addition, only one out of the three subscales of the Intrinsic
Motivation Inventory (McAuley, Duncan, & Tammen, 1989) that were used was found to be significantly different between
the KR groups. Specifically, perceived confidence was found to be different between the groups but interest/enjoyment and
effort/importance were not. As a result, it would be more accurate to conclude that KR on relatively good trials affected per-
ceived confidence rather than intrinsic motivation per se.

In the KR on relatively good versus relatively poor trials literature, Patterson and Azizieh (2012) noted that participants
have always been unaware that the KR they received was based on a relative performance distinction within a block of six
trials. As a result, Patterson and Azizieh (2012) investigated whether the learning advantages of KR on relatively good rather
than relatively poor trials would persist if participants were made aware that their KR reflected either their three best or
three worst trials. Thus, four groups were created using a factorial combination of awareness (aware or unaware) and KR
content (good or poor trials). It was found that being aware of the type of KR received throughout practice resulted in supe-
rior learning, independent of whether the KR reflected relatively good or relatively poor trials. No differences, however, were
found between the groups who were unaware of their KR content, thus failing to replicate the results of others (e.g.,
Chiviacowsky & Wulf, 2007; Chiviacowsky, Wulf, Wally, & Borges, 2009). Based on these findings, the authors suggested that
being aware may have provided the learners with a more meaningful referent to modulate future responses which optimized
the learning process.

In the present experiment we examined whether the content of one’s KR schedule (relatively good or relatively poor tri-
als) and awareness (aware or unaware) of this manipulation would differentially impact motor performance and learning, as
well as prospective metacognitive judgments. An important and widely used metacognitive index is the judgment of learn-
ing (Soderstrom & Bjork, 2015). A judgment of learning requires a participant to predict their ability to execute a task at a
future time assuming they received no more practice. In other words, a judgment of learning is a subjective assessment of
one’s current level of learning. Research in both the motor learning and verbal learning literature has consistently revealed
dissociations between judgments of learning and objective indices of learning as participants have a propensity to view
immediate, yet potentially transient performance levels as valid indices of learning (see Jacoby, Bjork, & Kelley, 1994;
Soderstrom & Bjork, 2015; Son & Simon, 2012 for respective reviews). For example, Simon and Bjork (2001) had participants
practice three different 5-digit key pressing sequences with either a blocked (i.e., fixed-order) or random (i.e., interleaved)
repetition schedule and examined how the order of practice repetitions influenced judgments of learning and actual motor
learning as measured using a delayed 24-h retention test. Participants made a judgment of learning after each practice block
(six in total) and one prior to the 24-h retention test. The results revealed that the participants who experienced a blocked
schedule had more accurate performance during practice and also reported significantly higher judgments of learning than
the participants that experienced a random schedule. When participants returned the following day and were asked to pre-
dict their upcoming retention performance for each key pressing sequence, the blocked schedule participants continued to

1 In their seminal paper, Salmoni et al., 1984 did not state that based on their proposed informational role of KR that it would be more beneficial for learning
after larger errors (i.e., poor trials) compared to smaller errors (i.e., good trials). Instead, they proposed that the informational role of KR was to guide the learner
toward the correct response as KR provides information about response outcome which can be used to generate a new and more accurate response on future
trials (p. 380). Therefore, error information based on response outcome is always present independent of whether KR is provided after relatively poor or
relatively good trials. Based on this misinterpretation of the guidance hypothesis, the conclusions made in the KR after relatively good versus relatively poor
trials literature have overemphasized their motivational role of KR while ignoring that the informational role is still present.



M,J. Carter et al./Human Movement Science 45 (2016) 63-70 65

make significantly higher judgments of learning compared to the random schedule participants. However, a reversal in per-
formance accuracy on the tasks was found in retention, with the random schedule participants performing with significantly
less error than the blocked schedule participants. Interestingly, a strong mismatch or “illusion of competency” (Jacoby et al.,
1994) was evident in the blocked schedule participants whose actual performance error was approximately double their pre-
dicted error (i.e., judgment of learning). The results of Simon and Bjork (2001) clearly demonstrate that participants, and to
their disadvantage, use ease of practice performance as a heuristic for predicting future performance (see also Simon & Bjork,
2002). More recently, Abushanab and Bishara (2013) extended the findings of Simon and Bjork (2001, 2002) to experienced
pianists (total formal music training of 10.6 £ 3.9 years) who were required to learn different piano melodies in both
blocked-order and random-order conditions. The authors found that even experienced pianists fell victim to the artificially
inflating performance effects of blocked-order practice relative to random-order practice. In other words, the judgments of
learning data indicated a misbelief that this blocked practice would be more optimal for motor skill retention when in fact
random practice was significantly more effective for long-term learning.

The metacognition and motor learning literature to date has demonstrated that although performance levels during prac-
tice are typically an imperfect metric to judge future performance on (i.e., learning), both novice and experienced performers
fail to recognize the dissociation between performance and learning (see Kantak & Winstein, 2012; Schmidt & Bjork, 1992 for
reviews on the learning-performance distinction). This raises the question of whether the information provided by one’s KR
schedule during practice leads to similar misconceptions of learning as that found in the contextual-interference literature
(e.g., Abushanab & Bishara, 2013; Simon & Bjork, 2001, 2002). It is conceivable that a summary KR schedule that only reflects
the three best or three worst trials in a six trial block could lead participants to incorrectly interpret this transient perfor-
mance feedback as a valid indication of how well they are learning a task. Some support for this hypothesis exists as
Badami et al. (2011) reported significantly higher perceived confidence on a golf putting task in participants that received
KR on relatively good trials compared to those that received KR on relatively poor trials. Similarly, the self-controlled feed-
back literature has typically revealed that participants request KR after the trials they thought were good (e.g., Chiviacowsky
& Wulf, 2002; Patterson & Carter, 2010) and Laughlin et al. (2015) recently reported that some participants explicitly request
KR for motivational purposes when provided control. Thus participants engage in deliberate feedback request strategies
which suggest that participants must engage in some sort of subjective performance evaluation when deciding to request
feedback (e.g., Carter, Carlsen, & Ste-Marie, 2014). Based on knowledge, it is possible that differential effects on judgments
of learning may emerge as a function of KR content, independent of actual motor learning. The purpose of the present exper-
iment was to investigate how KR on relatively good versus relatively poor trials and being aware or unaware of this affects
both prospective metacognitive judgments as well as motor learning. We hypothesized that KR on relatively good trials
would lead to higher judgments of learning than KR on relatively poor trials; however, we anticipated that making partic-
ipants aware of the type of KR they would receive throughout practice would mitigate any misconceptions of actual learning
and result in more accurate judgments.

2. Methods
2.1. Participants

Forty adults (Mage = 22.72, SD = 1.65; F=22, M = 18) volunteered to participate in the experiment. All participants pro-
vided informed consent and had no previous experience with the task. The experiment was approved and conducted in
accordance with the ethical guidelines set by the Health Sciences and Science Research Ethics Board at the University of
Ottawa.

2.2. Task and apparatus

The task involved participants performing an overhand toss with mini Koosh-balls (6.5 cm in diameter) at a circular target
on the floor using their non-dominant arm (Oldfield, 1971) while wearing blacked out goggles that occluded vision. The tar-
get consisted of 10 concentric rings with the center (i.e., bullseye) of the target located 5.5 m away from where the partic-
ipants completed their tosses. The innermost ring had a radius of 10 cm and each subsequent outer ring had a radius that
was 10 cm more than its preceding ring (up to 100 cm). Each ring had a corresponding point value with a bullseye being
awarded 100 points and each ring decreased in value by 10 points when moving outward from the bullseye. Any toss that
did not land in one of the rings was awarded a score of zero.

2.3. Procedure

Participants were randomly assigned to one of four equal-sized groups (n =10): KR-Good-Aware, KR-Poor-Aware, KR-
Good-Unaware, or KR-Poor-Unaware. Participants were tested individually and were instructed that the goal of the task
was to earn the highest possible score on each toss by having the mini Koosh-ball land in the bullseye. All groups were
informed that at the end of each six trial block they would receive KR on their performance for three of the six trials. The
KR-Good-Unaware received KR on their three best tosses, while the KR-Poor-Unaware received KR on their three worst
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tosses, but were not told why KR was provided for the three trials. The KR-Good-Aware and the KR-Poor-Aware groups were
provided KR in the same manner, but were also informed at the start of practice that they would receive KR for their three
best trials and their three worst trials, respectively.

At the start of each six trial block, participants were permitted to view the target to help them align themselves in their
preferred position relative to the target. Once aligned and ready, the participant put on the blacked out goggles and a
researcher placed the six mini Koosh-balls in their dominant hand. Once instructed that the six trial block started, the par-
ticipant would transfer one mini-Koosh ball at a time from their dominant to their non-dominant hand and toss the mini-
Koosh ball at the target. This process was repeated until all six mini Koosh-balls were tossed. Prior to KR delivery, the
researcher would remove three of the six mini-Koosh balls according to the participant’s experimental group. Following this,
the participant was told to remove the goggles in order to receive visual KR, which lasted for 5 s. The KR consisted of seeing
the exact landing spot of the three mini Koosh-balls as well as being told the point value for each toss. Similar to Patterson
and Azizieh (2012), when KR was provided to the KR-Good-Aware and the KR-Poor-Aware groups the researcher prefaced
the KR presentation by stating “these are your three best (or worst) trials”.

After each six trial block during practice, participants were asked to make a judgment about how well they would per-
form the task at a later date. Similar to Simon and Bjork (2001, 2002), the exact question that all participants were asked
was: “If practice ended right now and you received no more practice trials, how many points on average do you think
you would earn if you were tested tomorrow? However, on this test, feedback regarding your tosses will not be provided”.
The judgment of learning was completed by having participants place a mini Koosh-ball in the ring that corresponded to the
average number of points they thought they would earn. The practice phase consisted of 60 trials (10 blocks of six trials). All
participants returned approximately 24 h after their practice phase to complete a delayed retention test consisting of two
blocks of six trials without KR. Before each retention block, participants were asked to make a judgment of learning that rep-
resented how well they thought they would do on average in the upcoming block. The exact procedures for the participant to
complete their judgment of learning were identical to the method used during practice on Day one.

2.4. Dependent measures and statistical analyses

In contrast to previous experiments using two-dimensional target tossing tasks that assessed performance and learning
using a points system (e.g., Chiviacowsky & Wulf, 2007; Wulf, Chiviacowsky, & Drews, 2015), we computed two-dimensional
error scores for each trial in practice and retention according to the procedures outlined by Hancock, Butler, and Fischman
(1995). Specifically, we used mean radial error as our measure of throwing accuracy and bivariate variable error? as our mea-
sure of throwing variability (Hancock et al., 1995). The use of two-dimensional error scores to assess motor performance and
learning on target tossing tasks as that used in the present experiment have not only been advocated in the past (e.g., Hancock
et al., 1995; Reeve, Fischman, Christina, & Cauraugh, 1994), but was also the focus of a recent commentary on the continual use
of inappropriate dependent measures (i.e., one-dimensional scores for two-dimensional tasks) in motor learning experiments
(Fischman, 2015). Lastly, judgment of learning scores were computed using the same procedures as mean radial error.?

Mean radial error and judgments of learning for the practice phase were analyzed in separate 2 (KR type: Good, Poor) x 2
(Awareness: Aware, Unaware) x 10 (Block) mixed-model analyses of variance (ANOVA) with repeated measures on Block.
For the retention test, mean radial error and judgments of learning were analyzed in separate 2 (KR type) x 2 (Aware-
ness) x 2 (Block) mixed-model ANOVAs with repeated measures on Block. As a manipulation check, mean radial error for
KR and no-KR trials during practice were analyzed in a 2 (KR type) x 2 (Trial type: KR, no-KR) x 10 (Block) mixed-model
ANOVA with repeated measures on the last two factors to determine whether error on KR trials were actually significantly
lower for the KR-Good groups relative to the KR-Poor groups. An alpha level of <.05 was set for all analyses. Post-hoc tests
were conducted using Tukey’s HSD and effect sizes are reported as partial eta squared (13). In cases where sphericity was
violated, Greenhouse-Geisser adjusted p values are reported.

3. Results
3.1. Practice

3.1.1. Mean radial error

All groups increased their accuracy across the practice blocks (see Fig. 1A, left side) which was supported by a significant
main effect of Block (Fo, 324) = 15.294, p <.001, n§= .298). All other comparisons failed to reach statistical significance (p
values > .05).

2 All analyses with bivariate variable error failed to reach significance in practice or retention and therefore, are not presented in the results section.

3 Although participants were asked to place the ball based on the points system for their judgments of learning, we needed to assess the judgments of
learning and performance in a similar manner to allow meaningful interpretations. Moreover, it is important that motor learning researchers use the
appropriate 2-dimensional error scores to measure performance in 2-dimensional tasks, which is why we opted to use radial error for both performance and
judgments of learning. We did record points for the judgments of learning as well and the analysis leads to the same conclusions as the analysis with radial
error.
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Fig. 1. Mean radial error (Panel A; solid lines) and judgments of learning (Panel B; dotted lines) during the practice (B1-B10) and retention (B11-B12)
phases of the experiment for the KR-Good-Aware (filled squares), KR-Poor-Aware (filled circles), KR-Good-Unaware (open squares), and KR-Poor-Unaware
(open circles). Errors bars are standard error.

3.1.2. Judgments of learning

The KR-Good-Aware and the KR-Good-Unaware groups tended to make judgments of learning throughout practice of
higher proficiency compared to the KR-Poor-Aware and KR-Poor-Unaware groups (see Fig. 1B, left side), which was sup-
ported by a significant main effect of KR type (F1, 361 = 7.589, p =.009, 11123 =.174). There was also a significant main effect
of Block (Fo. 3241 = 10.519, p <.001, 53 = .226) whereby the JOLs made after each practice block reflected increased accuracy
(i.e., less error) for all groups over practice. No other significant differences were found (p values > .05).

3.1.3. KR versus no-KR trials manipulation check

The analysis of mean radial error on KR versus no-KR trials during practice (see Fig. 2) revealed a significant interaction
between KR type and Trial type (F, 35;=212.743, p <.001, 1112, =.849). Post hoc comparisons showed that the two KR-Good
groups did in fact receive KR on relatively more accurate trials compared to the two KR-Poor groups that received KR on rel-
atively less accurate trials, while the opposite was true for no-KR trials. Moreover, the KR trials for the KR-Good groups were
significantly more accurate than their no-KR trials, whereas KR trials were significantly less accurate than no-KR trials for the
KR-Poor groups. As in Chiviacowsky and Wulf (2007), these findings confirm that more accurate scores were reported to the
KR-Group groups compared to the KR-Poor groups.

3.2. Retention

3.2.1. Mean radial error
All groups had similar accuracy scores in both retention blocks (see Fig. 1A, right side) and all analyses failed to reach
statistical significance (p values >.05).

3.2.2. Judgments of learning

Similar to judgments of learning made during the practice phase, the two KR-Good groups made judgments of learning
that reflected greater skill proficiency than the two KR-Poor groups (see Fig. 1B, right side), which was supported by a sig-
nificant main effect of KR type (Fj;, 36)=7.074, p=.017, ;112) =.143). All other comparisons failed to reach statistical signifi-
cance (p values >.05).

4. Discussion

Past research has shown that one’s perceived confidence with the task being learned is greater when KR reflects relatively
good trials (Badami et al., 2011); however, no data regarding motor performance and learning was reported by the authors.
As such, it is unknown if in addition to higher perceived confidence, KR after relatively good trials was also beneficial for
learning in their experiment. Moreover, Patterson and Azizieh (2012) recently found that the main factor modulating learn-
ing differences was not the type of KR received during practice (i.e., good versus poor trials), but rather being aware relative to
unaware of the type of KR received. In the present study we investigated whether participants, as a function of KR type (i.e.,
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Fig. 2. Mean radial error collapsed across awareness for KR trials (filled symbols and solid lines) and no-KR trials (open symbols and dotted lines) for the
groups that received KR on relatively good trials (squares) and relatively poor trials (circles). Errors bars are standard error.

good or poor trials) and awareness (i.e., aware or unaware) of this KR scheduling technique would be able to accurately dis-
sociate their actual level of learning from the transient performance effects associated with their practice condition. We
hypothesized that KR on relatively good trials would bias participants to make significantly higher judgments of learning
compared to participants receiving KR on relatively poor trials; however, any misconceptions of learning were expected
to be mitigated by making participants aware of the type of KR they were receiving during practice. Consistent with
Patterson and Azizieh (2012) we expected that being aware of one’s KR content would be the main factor determining motor
learning, independent of the type of KR received during practice.

Our predictions regarding the judgment of learning data were partially supported as KR on relatively good trials resulted
in significantly higher perceptions of learning compared to KR on relatively poor trials; however, awareness of one’s KR
scheduling technique did not mitigate this misperception of learning. Patterson and Azizieh (2012) suggested that making
participants aware of the type of KR they received during practice provided these participants with a meaningful referent that
facilitated a more optimal processing of the KR they received, which in turn enhanced motor skill retention. In a similar vein,
we expected that this meaningful referent would help participants to more accurately judge one’s actual level of learning.
Specifically, we thought the added knowledge that the three trials they did not receive KR on in each block were more
(or less) accurate than the three they did receive KR would have provided extra information that could be used to form a
more realistic judgment of learning. This was not the case as our results showed that independent of awareness, receiving
KR on relatively good trials compared to relatively poor trials resulted in significantly higher judgments of learning (i.e., less
error) during practice. Moreover, the significant difference in judgments of learning as a function of KR type did not diminish
with the passage of time as both KR-Good groups still predicted significantly more accurate retention performance 24-h after
practice than both KR-Poor groups (see Fig. 1B). This persistence in judgments of learning over the retention interval in the
present experiment is consistent with past studies (e.g., Simon & Bjork, 2001, 2002) and further highlights that transient per-
formance information inherent in certain practice conditions can have lasting effects on prospective metacognitive judg-
ments, even when the manipulation of the independent variable has been removed.

Although, significant differences in the participants’ judgments of learning emerged as a function of KR type despite no
actual performance differences between the groups in either acquisition or retention. Importantly, this lack of group differ-
ences was not the result of participants failing to improve task performance during practice (see Fig. 1A, left side) nor was it
due to a failure of successfully providing KR on relatively good versus relatively poor trials to the respective groups (i.e.,
manipulation check analysis; see Fig. 2). Thus, contrary to past research we found no learning advantage of providing KR
on relatively good over relatively poor trials (e.g., Chiviacowsky & Wulf, 2007; Chiviacowsky et al., 2009). This failure to
replicate those findings is consistent with Patterson and Azizieh (2012) who also reported no learning advantage of KR
on relatively good versus relatively poor trials. Our data, however, diverges from that of Patterson and Azizieh (2012) as
we did not show motor learning benefits associated with being explicitly aware of the type of KR received during practice.
Such differences may relate to the motor task used in the present experiment (i.e., non-dominant throwing) versus the task
used in the Patterson and Azizieh (2012) study (i.e., force production task). In fact, the relative effectiveness of any practice
condition is thought to depend on the interplay of the learner’s characteristics, the classification and/or characteristics of the
motor task, and task complexity (Guadagnoli & Lee, 2004; Wulf & Shea, 2002). As such, the lack of novelty in our throwing
task may have contributed to our failure to replicate. Although we attempted to introduce novelty by having participant’s
complete the task with their non-dominant arm, it is possible that pre-existing knowledge of, and experience with, dominant
arm throwing tasks resulted in sufficient bilateral transfer (e.g., Liu & Wrisberg, 2005; Teixeira, 2000) for the requirements of
the relatively simple throwing task used in the present study. Perhaps the learning advantages of being aware of one’s KR
schedule would emerge in a throwing task that placed greater demands on the motor system of the learner (e.g., pitching).
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The findings of the present experiment have important implications for motor learning theory, as well as practice in
applied settings. From a theoretical perspective, we have extended the finding that participants’ metacognitive assessments
are subject to the performance-learning paradox (see Kantak & Winstein, 2012; Schmidt & Bjork, 1992 for a reviews) using a
KR manipulation, whereas others have shown this with contextual interference (e.g., Abushanab & Bishara, 2013; Simon &
Bjork, 2001). Thus, our findings suggest practitioners and coaches need to be cognizant that the transient effects associated
with the feedback (i.e., information) they provide during training can have lasting effects on metacognitive assessments of
learning that may not necessarily align with actual learning. Such findings emphasize the importance of continuing to iden-
tify the practice conditions that produce these metacognitive discrepancies, as well as ways to overcome and/or prevent
them altogether.

A better understanding of metacognitive factors in motor learning becomes increasingly important when one considers
that researchers have suggested that participants should be permitted control over their amount of practice to learn a new
skill (for a review see Sanli, Patterson, Bray, & Lee, 2013). Based on the metacognition in motor learning literature, it is con-
ceivable that allowing the learner to specify the number of practice trials to complete would be ineffective for learning as
they could fall victim to interpreting transient performance information as accurate reflections of actual learning and in turn,
choose to stop practice too early based on erroneous judgments of learning. Support for this idea has been provided by Post,
Fairbrother, and Barros (2011). The authors allowed one group of participants to choose the number of practice trials they
wished to complete to learn a dart throwing task (Self-controlled group), while a second group of participants were matched
to a Self-controlled counterpart and completed the exact number of trials as their Self-controlled participant, without any
choice (Yoked group). Thus, the Self-controlled group could stop practice at their discretion and for any reason, whereas
the termination of practice was imposed on the Yoked group. Their results revealed no significant improvements in perfor-
mance from the beginning to the end of practice; thus, allowing participants to self-select the amount of practice trials to
complete was not advantageous for improving dart throwing performance in practice or for skill retention and transfer.
Questionnaire data revealed that the two main reasons why the Self-controlled participants chose to terminate practice
related to “satisfaction with current level of (perceived) proficiency” and “felt performance was no longer improving (or
becoming less accurate)”. Both of these reasons suggest these participants may have based their rationale for stopping prac-
tice on some type of metacognitive assessment of learning. Moreover, the fact that some participants terminated practice
after a very low number of trials (e.g., 20), despite self-reporting that they felt proficient enough at the task, suggests a lack
of commitment to actually learn the task. Thus, this tendency to overestimate skill level by the learner is also likely the
results of adopting a “learning” goal that does not align with the expectations of the instructor or experimenter.” Interest-
ingly, in a follow-up study Post, Fairbrother, Barros, and Kulpa (2014) found typical self-controlled learning advantages over a
yoked condition when a fixed amount of practice was imposed on the learners. These studies strongly suggests that allowing
learners to choose how much to practice rather than having this parameter specified by a coach or a therapist may be a sub-
optimal technique to facilitate long-term motor skill learning (e.g., Post et al., 2014).

In conclusion, research into metacognition during both verbal and motor skill learning has revealed that one’s practice
condition can have a profound effect on the accuracy of one’s metacognitive assessments (Son & Simon, 2012), often result-
ing in false perceptions of learning or “illusions of competency” (Jacoby et al., 1994). The practical implications of inaccurate
perceptions of learning relative to actual learning is potentially problematic as overconfident assessments could result in
early termination of motor training in self-directed situations, while decreased perceptions could result in higher attrition
rates in educational, vocational, recreational, and/or rehabilitation settings. Overall, further research is needed to better
understand the relationship between KR schedules and metacognitive assessments during motor learning in both laboratory
and applied settings.
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