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a b s t r a c t
Research has demonstrated that a self-controlled KR schedule is
advantageous for motor learning; however, the usefulness of a
self-controlled KR context in older adults remains unknown. To
address this gap in knowledge, we examined whether (1) the
learning beneﬁts of a self-controlled KR schedule are modulated
by the age of the learner; (2) practicing in a self-controlled KR context concurrently strengthens the learner’s error detection mechanism, and (3) the KR strategy during acquisition changes as a
function of practice trials completed and age. As a function of
age, participants were quasirandomly assigned to either the selfcontrol or yoked group resulting in four experimental groups
(Self-Young, Yoked-Young, Self-Old, and Yoked-Old). The results
revealed the Self-Young group: (1) demonstrated superior retention performance than all other groups (p < .05); (2) was more
accurate in estimating motor performance than all other groups
during retention (p < .05), and (3) self-reported a switch in their
strategy for requesting KR during acquisition based on the number
of practice trials completed. Collectively, our ﬁndings suggest that
older adults do not demonstrate the same learning beneﬁts of a
self-controlled KR context as younger adults which may be attributed to differences in KR strategies.
Ó 2012 Elsevier B.V. All rights reserved.

1. Introduction
Research has unequivocally revealed self-controlled practice to be a learning variable when performers controlled the frequency of observing a modeled demonstration, the use of physical assistive
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devices, and the organization of practice repetitions (see Wulf, 2007 for a review). Similarly, a selfcontrolled knowledge of results (KR) schedule has proven more effective for motor learning compared
to those not provided control (i.e., yoked group) for single task (Chen, Hendrick, & Lidor, 2002; Chiviacowsky & Wulf, 2002, 2005; Patterson, Carter, & Sanli, 2011) and multiple task learning (Patterson &
Carter, 2010).
The learning advantages of self-controlled practice are speculated to be the result of an increased
motivation to learn (Boekaerts, 1996; Chiviacowsky & Wulf, 2002, 2005; Winne, 1995; Wulf, 2007), that
practice conditions are individualized to the performers information processing capabilities (Chen et al.,
2002; Chiviacowsky & Wulf, 2002; Keetch & Lee, 2007), and task information is requested only when
necessary (Boekaerts & Corno, 2005; Chiviacowsky & Wulf, 2002; Winne, 2005; Wulf, 2007;
Zimmerman, 1989). Learners also utilize deliberate strategies when provided the opportunity to control
task-related information (e.g., KR after good trials: Chiviacowsky & Wulf, 2002; Patterson & Carter,
2010).
The preference for KR after perceived good trials challenges theoretical accounts regarding the role
of KR in resolving error; that is, minimizing the differences between the actual and the desired performance (Adams, 1971; Schmidt, 1975). The preference for feedback after good trials has been interpreted as a motivational factor during skill acquisition (Chiviacowsky & Wulf, 2002) and the
perception that less cognitive effort is required to reproduce a successful response compared to the
cognitive effort required to update a motor plan for an unsuccessful response (Chiviacowsky & Wulf,
2002, 2005; Koehen, Dickinson, & Goodman, 2008). The beneﬁts of self-control have been primarily
demonstrated in younger adults (see Wulf, 2007 for a review) and more recently in 10 year old children (Chiviacowsky, Wulf, Laroque de Medeiros, Kaefer, & Tani, 2008). In contrast, the usefulness of
self-controlled practice in older adults has received minimal attention in the motor learning literature
and consequently remains inconclusive (Patterson, Sanli, & Adkin, 2008).
Findings from the cognitive learning literature offer insight into the relationship between selfcontrolled practice and older adults. Compared to younger adults, older adults self-select practice
strategies requiring minimal cognitive effort (e.g., recognition) for word association tasks and novel
arithmetic problems compared to the cognitively effortful strategies (e.g., retrieval) considered
advantageous for learning (D’Eredita & Hoyer, 2010; Hertzog, Touron, & Hines, 2007; Rogers & Gilbert,
1997; Rogers, Hertzog, & Fisk, 2000; Touron & Hertzog, 2004a, 2004b; Touron, Hoyer, & Cerella, 2004).
Older adults’ propensity to individualize a learning context that places low demands on their cognitive
processes not only results in a less than favorable learning context but also suggests an explicit awareness of their age-related changes to information processing abilities and working memory capacity
(Bäckman, Lindenberger, Li, & Nyberg, 2010; Bäckman et al., 2000; Fjell & Walhovd, 2010; Luo & Craik,
2008; Salthouse, 1996). In the motor skill learning literature, older adults have demonstrated similar
learning advantages to their younger adult counterparts in learning contexts believed to place heightened demands on their information processing (i.e., cognitively effortful) (e.g., random practice:
Jamieson & Rogers, 2000; Lin, Wu, Udompholkul, & Knowlton, 2010; reduced relative frequency of
KR: Carnahan, Vandervoort, & Swanson, 1996; Guadagnoli, Leis, van Gemmert, & Stelmach, 2002).
However, these practice contexts were externally determined by the researcher. For younger adults,
a learner-controlled practice context has proven to positively impact motor skill acquisition. Yet for
older adults, it currently remains unknown. The opportunity for the older adult to individualize their
learning to match their changing information processing could in fact prove favorable for motor
learning. However, based on the cognitive learning literature, the effort required by the older adult
learner to individualize their learning context is perhaps a less than desirable method of facilitating
their skill learning. For the present experiment, we were interested in determining if older adults
would individualize a practice context that would place low demands on their information processing
(i.e., frequent KR request) to the detriment of learning, or, individualize a learning context that
optimally challenged their information processing abilities to the advantage of learning.
To address this gap in knowledge, the primary purpose of this experiment was to examine whether
the learning advantages of a self-controlled KR schedule are modulated by the age of the learner.
Based on the cognitive learning literature and age-related changes to information processing and
working memory, we expected frequent KR requests during practice for older adults, at the expense
of learning. We were also interested in examining the strategies for requesting KR as a function of
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age and number of practice trials completed. Previous research asked participants to self-report a
singular response regarding their KR strategy at the end of the acquisition phase (Chiviacowsky & Wulf,
2002; Patterson & Carter, 2010; Patterson et al., 2011); however, a limitation of this methodology is
that learning is a dynamic process and participants may adjust their KR strategy as a function of practice trials completed. To address this limitation, participants were asked to self-report their KR strategy
for trials 1–30 (hereafter termed 1st half) separate from trials 31–60 (hereafter termed 2nd half). Lastly,
we were interested in determining if engaging in a deliberate KR strategy also developed the error
detection and correction mechanism. According to the guidance hypothesis (Salmoni, Schmidt, &
Walter, 1984), an effective KR schedule prevents a dependence on KR by facilitating the ability to interpret and utilize intrinsic feedback sources. However, determining if a self-controlled KR schedule
concurrently strengthens error detection abilities is unknown. Previous research has revealed that as
practice progresses, participants typically decrease their number of KR requests (Chiviacowsky & Wulf,
2002; Patterson & Carter, 2010). As a result, we predicted an initial increased reliance on KR early in
practice to be replaced by a greater reliance on task-related intrinsic feedback later in practice,
consequently developing the error detection and correction mechanism of the self-control groups.
2. Methodology
2.1. Participants
Twenty younger adults (Self-Young, n = 10, M age = 22, SD = 1.15; Yoked-Young, n = 10, M
age = 22.7, SD = 0.95) and 20 older adults (Self-Old, n = 10, M age = 69.9, SD = 6.05; Yoked-Old,
n = 10, M age = 69.2, SD = 6.11) participated in the experiment. There were an equal number of males
(n = 5) and females (n = 5) in each experimental group. All participants scoring P25 on the Mini Mental State Exam (MMSE) (Folstein, Folstein, & McHugh, 1975) and 100 on the Modiﬁed Barthel Index
(BI) (Shah, Vanclay, & Cooper, 1989)) were included in the present experiment. The MMSE and Modiﬁed BI were used as cognitive functioning and functional independence inclusion criteria, respectively. All participants signed an informed consent and were naïve to the purposes of the experiment.
2.2. Apparatus and task
All participants were required to push and release a low-friction slider along a horizontal rail to a
goal distance of 133 cm (see Fig. 1). The total length of the horizontal rail was 261.6 cm. In a seated
position, participants grasped the handle of the slider with a transverse palmar grip using their
non-dominant hand. Hand dominance was determined by participants’ verbal response to the following question, ‘‘What hand do you write with?’’ The ﬁrst 50 cm of the rail was deﬁned as the preresponse area where participants were required to push and release the slider. A wooden barrier
(78.7 cm  45.7 cm) was located at the 50 cm mark of the rail and occluded the participant’s vision
of the goal distance and subsequent result of each motor response. The wooden barrier contained
an opening slightly larger than the slider, to allow unobstructed travel along the rail. For all acquisition
and retention trials, participants wore industrial earmuffs to prevent the receipt of auditory feedback
regarding the movement of the slider along the rail.

Fig. 1. Diagram of the apparatus.
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A Vernier Motion Detector (ultrasound frequency of 50 kHz with an accuracy of ±2 mm within a
range of 0.5 to 6 m) was mounted to the end of the horizontal rail and detected the end location of
the each motor response. The Vernier Motion Detector was connected to a Vernier LabProÒ that collected and relayed the end location of each trial to the custom software program. Calibration of the
Vernier Motion Detector occurred each day before testing. All experimental stimuli (i.e., instructions,
KR) were presented on a 19-inch LCD monitor located 50 cm to the right of the participant.
2.3. Procedure
Participants were quasirandomly assigned to their respective self-control and yoked groups as a
function of age (Self-Young, Yoked-Young, Self-Old, and Yoked-Old), with the restriction that each
self-control and yoked pairing was sex-matched. The task, its associated goal, and how KR would
be displayed were presented to participants via PowerPoint. Participants in the self-control groups
were informed they would be provided the opportunity to determine whether or not they wanted
KR after each trial. Consistent with previous experiments (Chiviacowsky & Wulf, 2002; Patterson &
Carter, 2010; Patterson et al., 2011), the self-control groups were instructed to only request KR when
necessary and that they would eventually be required to perform the task without KR. Participants in
the yoked groups received the identical KR schedule created by a self-control counterpart but were
informed they would sometimes receive KR and sometimes they would not and that they would eventually perform that task without KR. All participants completed 60 trials during acquisition and 6 trials
for both retention tests.
All trials began with a red circle and a 5 s countdown displayed on the LCD monitor. When the
countdown reached zero, the circle turned green prompting the participants to complete their motor
response within 5 s. On trials followed by KR, participants viewed the KR display for 5 s which contained the goal distance (e.g., 133 cm), their motor response (e.g., 128 cm), and the difference between
the goal and their response (e.g., 5 cm). To maintain a consistent inter-trial interval, participants
viewed a blank white screen for 5 s on no-KR trials. To request KR, participants in the self-control
groups verbally informed the researcher whereas the provision of KR for the yoked groups was controlled by the custom software program according to the schedule created by an age and sex-matched
self-control counterpart.
Upon completion of the acquisition period, all participants completed a multiple choice questionnaire querying their strategy for requesting KR (Chiviacowsky & Wulf, 2002; Patterson & Carter, 2010;
Patterson et al., 2011) (see Table 1). The self-control groups were asked to report their KR strategy for
the 1st half and 2nd half of the acquisition period separately. Importantly, the timing of the KR strategy
questionnaire was chosen to avoid violating internal validity. If participants were asked to self-report
their strategy for the 1st half of practice after completing trial 30, this could have cued participants’
attention to different KR strategies to adopt during the 2nd half of practice. Yoked participants were
asked whether they received KR after the right trials (i.e., when they would have wanted KR), and if
not when would they have preferred to receive KR. During acquisition, all participants were verbally
informed when the 1st half of practice ended and the 2nd half began.
To assess learning as a function of age and KR group, participants completed two retention tests
both consisting of 10 no-KR trials (15-min and 24-hr); however, only the ﬁrst six trials of the 10 trials
were analyzed and reported. To determine whether an enhanced ability to detect and correct errors
was a product of practicing with a self-controlled KR schedule relative to a yoked KR schedule, all participants were asked to estimate their perceived outcome of each motor response during both retention tests. Upon completion of the 24-hr retention test, all participants were asked to self-report
whether or not they interpreted intrinsic feedback from a list of possible sources (see Table 2) in
the presence or absence of KR during the acquisition phase.
2.4. Data analysis
To examine whether the frequency of requesting KR was inﬂuenced by age, the proportion of KR
trials was subjected to a 2 (Age: young, old)  10 (Blocks) ANOVA with repeated measures on the last
factor. To assess performance and learning as a function of age and KR group, variable error (VE),

1463

M.J. Carter, J.T. Patterson / Human Movement Science 31 (2012) 1459–1472
Table 1
Self-reported KR strategies during acquisition as a function of KR condition and age.
KR condition

Younger adults

Older adults

Number of responses
Self-control condition
1. When/why did you ask for KR during the ﬁrst half of practice?
a) Mostly after a perceived good trial
b) Mostly after a perceived bad trial
c) After perceived good and bad trials equally
d) Randomly
e) Other

4
0
6
0
0

3
0
5
0
2

2. When/why did you ask for KR during the second half of practice?
a) Mostly after a perceived good trial
b) Mostly after a perceived bad trial
c) After perceived good and bad trials equally
d) Randomly
e) Other

8
0
2
0
0

2
0
5
1
2

Yoked condition
1. Do you think your received KR after the right trials?
a) Yes
b) No

5
5

7
3

2. If the answer to the above question was NO, when would you have preferred to receive KR?
a) Mostly after a perceived good trial
5
b) Mostly after a perceived bad trial
0
c) After perceived good and bad trials equally
0
d) Randomly
0
e) Other
0

0
0
3
0
0

Table 2
Self-reported use of intrinsic feedback sources as a function of KR condition and age.
KR condition

Younger adults

Older adults

Number of responses
Self-control condition
1. During practice, did you use/interpret any other sources of information in addition to KR or when KR was not available?
a) Yes
10
10
b) No
0
0
2. If the answer to the above question was YES, please indicate all the sources you used/interpreted during practice.
a) Hand position
3
6
b) Wrist position
2
3
c) Arm position
1
7
d) Elbow position
0
0
e) Shoulder position
0
6
f) Produced force
10
10
g) Other
0
1
Yoked condition
1. During practice, did you use/interpret any other sources of information in addition to KR or when KR was not available?
a) Yes
10
7
b) No
0
3
2. If the answer to the above question was YES, please indicate all the sources you used/interpreted during practice.
a) Hand position
9
7
b) Wrist position
1
7
c) Arm position
10
5
d) Elbow position
0
0
e) Shoulder position
0
4
f) Produced force
8
7
g) Other
0
0
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absolute error (AE), and constant error (CE) were calculated for all experimental phases. For acquisition, mean VE, AE, and CE were grouped into 10 blocks of six trials and analyzed in separate 2 (Age:
young, old)  2 (KR group: self-control, yoked)  10 (Block) ANOVAs with repeated measures on the
ﬁnal factor. To examine the development of the error detection and correction mechanism as a function of age and KR group, absolute difference (AD) was calculated by subtracting the participant’s perceived outcome from their actual outcome. For retention, VE, AE, CE, and AD were collapsed into one
block consisting of the ﬁrst six trials and analyzed in separate 2 (Age: young, old)  2 (KR group: selfcontrol, yoked)  2 (Retention Test: 15-mins, 24-hrs) ANOVAs with repeated measures on retention
test. Tukey’s HSD with an alpha level set at p < .05 was used for all statistically signiﬁcant main effects
and interactions and effect sizes are reported as partial eta squared ðg2p Þ.
3. Results
3.1. KR requests during acquisition
The proportion of KR requests for blocks 1-10 of acquisition for the Self-Young and Self-Old groups
were 70%, 73%, 55%, 68%, 60%, 61%, 60%, 68%, 73%, & 58% and 77%, 80%, 70%, 68%, 72%, 68%, 72%, 68%,
83%, & 78%, respectively. The relative frequency that KR was requested throughout acquisition by the
Self-Young and the Self-Old groups were 65% (SD = 32 %) and 74% (SD = 39 %), respectively. The differences between groups over the course of the acquisition period for proportion of KR trials did not
reach statistical signiﬁcance (p’s > .05).
3.2. Variable error (VE)
3.2.1. Acquisition
The means for VE for all experimental groups are displayed in Fig. 2A. There was a signiﬁcant main
effect for age, F(1, 36) = 5.54, p < .05, g2p ¼ :13, with the younger adults (M = 10.75, SD = 2.85) demonstrating more consistent performance than the older adults (M = 12.97, SD = 2.33). The main effects for
KR group and block were superseded by a KR group  Block interaction, F(9, 324) = 2.60, p < .05,
g2p ¼ :10. The post hoc analysis indicated that within the Self groups, block 1 was more variable than
blocks 3 to 10 and block 2 was more variable than blocks 7 and 9. The post hoc analysis also revealed
the following between group differences: block 1 for the Self groups was more variable than blocks 4,
6, and 10 of the Yoked groups; block 7 for the Self groups was less variable than blocks 1, 2, 3, 5, and 8
of the Yoked groups; block 9 for the Self groups was less variable than blocks 1, 2, 3, and 8 of the Yoked
groups; and block 10 for the Self groups was less variable than block 1 of the Yoked groups.
3.2.2. Retention
The means for VE for all experimental groups are displayed in Fig. 2A. There was a signiﬁcant main
effect for KR group, F(1, 36) = 8.35, p < .05, g2p ¼ :19, with the Yoked groups (M = 11.55, SD = 2.28) performing more variable than the Self groups (M = 8.47, SD = 1.58). There was also a signiﬁcant KR
group  Age interaction, F(1, 36) = 6.44, p < .05, g2p ¼ :15. The post hoc analysis indicated that the
Self-Young group (M = 7.18, SD = .13) was less variable than the Yoked-Young group (M = 12.97,
SD = 2.73) but not the Self-Old (M = 9.75, SD = .94), and the Yoked-Old (M = 10.12, SD = .27) groups.
3.3. Absolute error (AE)
3.3.1. Acquisition
The means for AE for all experimental groups are displayed in Fig. 2B. There was a main effect for
age, F(1, 36) = 15.61, p < .05, g2p ¼ :31, with the younger adults (M = 18.69, SD = 5.46) demonstrating
less AE than the older adults (M = 26.84, SD = 5.62). There was also a main effect for block,
F(9, 324) = 18.28, p < .05, g2p ¼ :37, where block 1 was performed with more AE than blocks 2 to 10;
block 2 was performed with more AE than blocks 6 to 10; and blocks 3 and 4 were performed with
more AE than blocks 9 and 10. The KR group  Block interaction was also signiﬁcant,
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Fig. 2. The dependent variables for acquisition (blocks 1 to 10) and retention (15-min and 24-hr) as a function of KR condition and age. (A) Variable error; (B) Absolute error; (C) Constant
error; and (D) Absolute difference.
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F(9, 324) = 2.56, p < .05, g2p ¼ :10. The post hoc test indicated the following within group differences:
block 1 had more AE than blocks 2 to 10 in the Self groups and block 1 had more AE than blocks 6,
9, and 10 in the Yoked groups. The post hoc analysis also revealed the following between group differences: block 1 for the Self groups was less accurate than blocks 2 to 10 of the Yoked groups, block
1 for the Yoked groups was less accurate than blocks 5 to 10 of the Self groups.
3.3.2. Retention
The means for AE for all experimental groups are displayed in Fig. 2B. There was a main effect for
retention test, F(1, 36) = 11.74, p < .05, g2p ¼ :11, where the 15-min retention test (M = 17.79, SD = 4.61)
was performed with less AE than the 24-hr retention test (M = 22.78, SD = 8.03). The main effects for
KR group and age were superseded by a KR group  Age interaction, F(1, 36) = 4.34, p < .05, g2p ¼ :11.
The post hoc analysis revealed the Self-Young group (M = 11.19, SD = .58) performed with less AE than
the Yoked-Young (M = 22.16, SD = 6.48), Self-Old (M = 22.72, SD = 4.69), and the Yoked-Old (M = 25.07,
SD = 3.56) groups.
3.4. Constant error (CE)
3.4.1. Acquisition
The means for CE for all experimental groups are displayed in Fig. 2C. There was a main effect for
block, F(9, 324) = 11.07, p < .05, g2p ¼ :24, where the participants signiﬁcantly undershot the target in
block 1 compared to blocks 3–10; block 2 compared to blocks 8–10; and blocks 3 and 4 compared
to blocks 9 and 10. The KR group  Block interaction was also signiﬁcant, F(9, 324) = 2.24, p < .05,
g2p ¼ :06. The target was signiﬁcantly undershot by the Self groups in blocks 1 and 2 compared to
blocks 3–10 and 8–10, respectively. The Yoked groups signiﬁcantly undershot the target in blocks 1
and 2 compared to block 10. Lastly, the Self groups signiﬁcantly undershot the target in block 1 compared to blocks 3–10 of the Yoked groups.
3.4.2. Retention
The means for CE for all experimental groups are displayed in Fig. 2C. The main effect for age was
signiﬁcant, F(1, 36) = 13.04, p < .05, g2p ¼ :27, with the older adults (M = -20.84, SD = 5.19) undershooting the target to a greater extent than the younger adults (M = -7.68, SD = 3.61).
3.5. Absolute difference (AD)
3.5.1. Retention
The means for AD for all experimental groups are displayed in Fig. 2D. The main effects for age and
KR group were superseded by an Age  KR group interaction, F(1, 36) = 4.17, p < .05, g2p ¼ :15. The post
hoc results indicated the Self-Young (M = 6.68, SD = .66) group was more accurate in estimating their
motor performance during the retention tests compared to the Yoked-Young (M = 11.98, SD = 2.02),
Self-Old (M = 15.66, SD = 1.40), and Yoked-Old (M = 16.23, SD = 1.60) groups. The main effect for retention test was also signiﬁcant, F(1, 36) = 5.27, p < .05, g2p ¼ :13, with participants’ estimations being
more accurate on the 15-min retention test (M = 11.63, SD = 4.15) compared to the 24-hr retention
test (M = 13.64, SD = 4.66).
3.6. Self-reported KR scheduling strategies as a function of age and practice trials completed
The results of the KR questionnaire are displayed in Table 1. The most interesting ﬁnding in the
Self-Young group was a self-reported switch in their KR scheduling strategy from perceived good
and bad trials equally (6 of 10) in the 1st half practice to perceived good trials only (8 of 10) during
the 2nd half of practice. For the 1st half of practice, the remaining Self-Young participants (4 of 10) reported requesting KR after perceived good trials only. The remaining two Self-Young participants reported asking for KR after perceived bad trials only during the second half of practice. Unlike the
Self-Young group, the majority of Self-Old participants self-reported using the same KR strategy, perceived good and bad trials equally for both the 1st (5 of 10) and 2nd (5 of 10) halves of practice. For the 1st
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half of practice, the remaining Self-Old participants reported a preference for KR after perceived good
trials (3 of 10) or a strategy not listed on the questionnaire (2 of 10) (e.g., ‘‘I wanted feedback all the
time’’ and ‘‘always’’). For the 2nd half of practice, the remaining Self-Old participants reported requesting KR either after perceived good trials only (2 of 10), randomly (1 of 10), or a strategy not listed on the
questionnaire (2 of 10) (e.g., ‘‘I always wanted feedback’’ and ‘‘always’’).
In the Yoked-Young group, ﬁve participants reported they received KR after the right trials while
the other ﬁve reported they did not receive KR after the right trials. Of the ﬁve participants not satisﬁed with their KR schedule, all of them reported they would have preferred to receive KR after good
trials only. In the Yoked-Old group, seven participants stated they received KR after the right trials
while the remaining three participants reported they did not receive KR after the right trials. Of these
three participants not satisﬁed with their KR schedule, all of them reported they would have preferred
to receive KR after perceived good and bad trials equally. In summary, the results from the KR strategy
questionnaire revealed that the self-reported KR scheduling strategies were differentially impacted as
a function of age and the number of practice trials completed.
3.7. Self-reported use of intrinsic feedback sources
The results of the intrinsic feedback questionnaire are displayed in Table 2. All participants in the
Self-Young, Self-Old, and Yoked-Young groups reported they utilized intrinsic sources of information
during the acquisition period, whereas seven of the 10 participants in the Yoked-Old group reported
using intrinsic information. All participants in the Self-Young group reported utilizing only one source
of intrinsic information (e.g., produced force) during acquisition. In contrast, a reliance on multiple
sources of intrinsic information was reported by the Yoked-Young (e.g., hand position, arm position,
and produced force), Self-Old (e.g., hand position, arm position, shoulder position, and produced
force), and the Yoked-Old (e.g., hand position, wrist position, and produced forced) groups. The results
of this questionnaire suggest that age and KR group differentially inﬂuenced the self-reported use of
intrinsic feedback sources during acquisition.
4. Discussion
The purpose of this experiment was three-fold. First, we were interested in determining whether
the learning advantages of a self-controlled KR context would be modulated by the age of the learner
with the expectation that in an attempt to alleviate the cognitive demands associated with no-KR trials (see Wulf & Shea, 2004 for review), older adults would request KR more frequently than younger
adults at the expense of learning. Second, we were interested in determining if participants would adjust their KR scheduling strategy during practice as a function of practice trials completed and age.
Lastly, we investigated whether practicing with a self-controlled KR schedule would ameliorate error
detection abilities relative to practicing with a yoked KR schedule. The results of the experiment
showed: (1) the Self-Old group did not experience similar learning advantages from controlling their
KR schedule as the Self-Young group relative to their respective yoked counterparts; (2) the relative
frequency of KR requests between the Self group were not statistically different despite age-related
differences in KR scheduling strategies throughout the acquisition period; and (3) the ability to accurately estimate motor performance in retention was a function of KR group and age. A discussion of
these ﬁndings follows.
4.1. Motor learning and self-controlled KR schedules as a function of age
Our primary interest for the present experiment was to determine if the age of the participant
would differentially impact the previously found learning advantages of self-controlled KR schedules
in younger adults (Chen et al., 2002; Chiviacowsky & Wulf, 2002, 2005; Patterson & Carter, 2010).
Therefore, it was important to replicate the ﬁndings of these studies in younger adults because unlike
previous experiments that used a serial key pressing task, a discrete target task was used in the present experiment. The Self-Young group demonstrated more accurate and less variable performance in
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retention compared to their yoked counterparts, substantiating the ﬁndings of previous self-controlled KR experiments. Compared to the Self-Young participants, we expected the Self-Old participants to request KR more frequently throughout the acquisition period as a method of alleviating
the heightened cognitive demands of no-KR trials. Research has revealed when older adults are provided the choice to self-select a strategy during cognitive skill learning they consistently select the less
effective, low effortful strategy (e.g., recognition) whereas younger adults utilize the more effective,
more cognitively effortful strategy (e.g., retrieval) (Hertzog et al., 2007; Rogers & Gilbert, 1997; Rogers
et al., 2000; Touron & Hertzog, 2004a, 2004b; Touron et al., 2004). These ﬁndings offer insight into potential differences between older and younger adults in a self-controlled motor learning context. Similar to the cognitive learning literature, the learning advantages of self-control were modulated by the
age of the learner in the present study. Speciﬁcally, the Self-Old and Yoked-Old groups demonstrated
equated motor performance (indexed by VE, AE, and CE) in retention, suggesting that unlike younger
adults, providing control over their KR schedule was not advantageous for learning. We suggest the
difference in motor learning between the Self-Young and Self-Old participants is not attributed to a
disparity in the relative frequency of KR requests throughout acquisition (i.e., Self-Young:
M = 64.6%, SD = 27%; Self-Old: M = 74.1%, SD = 35%); thus, our ﬁrst prediction was not supported. To
account for the differences in motor learning as a function of age and self-control, we offer two alternative explanations.
First, practicing in a self-controlled context is considered cognitively effortful since participants
must make decisions regarding the practice variable they are controlling while concomitantly engaging in the mental processes requisite for learning (Kanfer & Ackerman, 1989). Therefore, our results
suggest a self-controlled KR schedule interacted negatively with age-related changes in cognition,
especially those areas involved in executive functions (see Drag & Bielauskas, 2010 for a review). Furthermore, older adults’ aversion to using cognitively effortful strategies during practice is suggested to
be related to the older adult failing to accurately monitor their performance in order to guide strategy
selection as practice progresses, resulting in the continued self-selection of less effective strategies
(Rogers et al., 2000; Touron & Hertzog, 2004a). In previous research, older adults’ reluctance to use
the cognitively effortful retrieval strategy was correlated to low conﬁdence in their ability to successfully use this strategy (Touron & Hertzog, 2004a, 2004b). If controlling their KR schedule did in fact
exceeded the cognitive abilities of the Self-Old participants, it would be expected that the YokedOld participants would demonstrate superior learning compared to the Self-Old participants since a
yoked group does not experience the additional cognitive demands inherent in self-controlled practice. However, our retention results do not support this notion and consequently a different factor
must have contributed to the equivalent learning between the Self-Old and Yoked-Old groups.
Importantly, our inability to replicate the learning beneﬁts of self-controlled KR schedules in older
adults was not due to a failure in learning the task, but instead resulted from the Self-Old group not
learning the task to a greater degree than their yoked counterparts. This was determined by comparing AE between Block 1, Block 10, and retention (collapsed across days). The analysis revealed a main
effect for block where motor performance was less accurate in block 1 than in block 10 and retention,
F(2, 36) = 36.61, p < .05, g2p ¼ :67. Therefore, irrespective of KR group, older adults successfully learned
the motor task relative to Block 1 of acquisition.
Therefore, an alternative and more likely explanation for the equivalent learning between the
Self-Old and Yoked-Old groups relates to the relative frequency of KR during acquisition rather than
the decision to receive or not receive KR. In fact, experimenter-deﬁned KR schedules have revealed
enhanced learning when older adults practiced with high frequency KR schedules when increased task
demands were placed on sensorimotor integration (e.g., 90 offset bimanual coordination pattern:
Wishart, Lee, Cunningham, & Murdoch, 2002; isometric force production: van Dijk, Mulder, &
Hermens, 2007). The motor task in the present experiment also placed increased demands on sensorimotor integration with a greater proportion of KR presentations having a positive impact on motor
learning since the majority of older adults practiced with a high frequency KR schedule (range: 88% to
100%). Interestingly, these ﬁndings oppose the Guidance hypothesis which states a high frequency KR
schedule will hinder motor learning because a dependence on KR develops in lieu of learning to interpret intrinsic feedback sources (Salmoni et al., 1984). However, in accordance with Challenge Point
Framework and optimally challenging the information processing capabilities of the performer
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(Guadagnoli & Lee, 2004), it is possible that a high frequency KR schedule coupled with the heightened
requirements for sensorimotor integration situated the Self-Old and Yoked-Old participants in their
optimal challenge point, thus resulting in equivalent learning.
4.2. Self-reported KR strategies during acquisition
Previous research has shown a strong preference for KR after perceived good trials by participants
when provided the opportunity to decide when to receive and not receive KR throughout acquisition
(Chiviacowsky & Wulf, 2002; Patterson & Carter, 2010; Patterson et al., 2011). However, it remains unknown whether the strategies for requesting KR change as a function of practice trials completed because these studies queried participants to provide a single strategy for the entire acquisition period.
However, recent theoretical accounts on KR highlight the dynamic nature of learning whereby the
informational role of KR changes as a function of scheduling and motor performance (Guadagnoli &
Lee, 2004). Therefore, we expected the number of practice trials completed would inﬂuence the KR
scheduling strategies of the Self-Young and Self-Old participants.
For the ﬁrst half of practice, the Self-Young and Self-Old groups reported a preference for KR after
perceived good and bad trials equally. This strategy early in practice intuitively makes sense since it
would involve a greater proportion of KR trials. This increased proportion of KR trials early in practice
may relate to the informational properties of KR (Salmoni et al., 1984); that is, directing the participants’ attention to the relationship between intrinsic feedback and the task goal (Anderson, Magill,
& Sekiya, 2001; Lee, Swinnen, & Serrien, 1994; Salmoni et al., 1984); thereby, allowing participants
to verify the difference between a good and poor trial based on intrinsic feedback. An analysis of
the proportion of KR trials revealed no signiﬁcant difference between the Self-Young (M = 65%;
SD = 33%) and Self-Old (M = 73%; SD = 37%) groups in the ﬁrst half of acquisition.
During the second half of practice, the Self-Young group self-reported a KR strategy shift from perceived good and poor trials equally in the ﬁrst half of practice to perceived good trials only. This preference for KR is consistent with the ﬁndings from research utilizing younger adults self-controlling
their receipt of KR (e.g., Chiviacowsky & Wulf, 2002). In contrast, the Self-Old group persisted with
their 1st half strategy (perceived good and poor trials equally) in the 2nd half of practice. This ﬁnding
is consonant with the cognitive learning literature where older adults are reluctant to change their
learning strategy over the course of a practice period (Hertzog et al., 2007; Rogers & Gilbert, 1997;
Rogers et al., 2000; Touron & Hertzog, 2004a, 2004b; Touron et al., 2004). Yet, despite the self-reported
differences in KR request strategies for the second half of practice between age groups, the analysis of
the proportion of KR trials in the second half of acquisition revealed no signiﬁcant differences between
proportion of KR trials for the Self-Young (M = 64%, SD = 31%) and Self-Old (M = 74%, SD = 40%) groups.
Our ﬁnding that self-control participants, independent of age did not create a faded KR schedule during acquisition is not commensurate with Chiviacowsky and Wulf (2002), but is consistent with ﬁndings from other self-controlled KR schedules (e.g., Chen et al., 2002; Hansen, Pfeiffer, & Patterson,
2011; Huet, Jacobs, Camachon, Goulon, & Montagne, 2009; Patterson & Carter, 2010; Patterson
et al., 2011). Interestingly, the self-reported preference for KR by those participants in the YokedYoung (5 out of 10) and Yoked-Old (3 out of 10) who were not satisﬁed with their KR schedule mirrored the KR strategy used in the 2nd half of practice by their age-matched self-control counterparts
(i.e., perceived good trials for younger adults; good and poor trials equally for the older adults).
To verify whether the preferences for KR on a perceived good trial were commensurate with those
participants’ actual motor performance on KR trials, we conducted a 2 (Group: Self, Yoked)  2 (Age:
Young, Old)  2 (Trial type: KR, no-KR)  2 (Practice half) ANOVA to examine AE on the KR and no-KR
trials for the Self-Young and Self-Old participants reporting this strategy throughout practice. Previous
research has revealed that participant’s preference for KR on perceived good trials was in fact commensurate with their actual movement error (indexed by AE) on KR trials compared to trials when
KR was not requested (Chiviacowsky & Wulf, 2002, 2005). Although there was a trend for less AE
on KR trials (perceived as good trials by participants) than no-KR trials in both age groups, this difference was not statistically signiﬁcant at the p < .05 level. Although this ﬁnding is inconsistent with
Chiviacowsky and Wulf (2002, 2005), it is consistent with other self-controlled KR experiments
(Patterson & Carter, 2010; Patterson et al., 2011) which also did not ﬁnd a statistical difference
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between the KR and no-KR trials, despite the participants’ self-reported preference for KR on perceived
good trials.
Our purpose for examining participants’ self-reported KR strategy for the 1st and 2nd halves of the
acquisition period, as a function of age, was to determine whether preference for KR changed as a
function of the number of acquisition trials completed. In fact, younger and older adult participants’
requests for KR for the ﬁrst and second half of the acquisition period may have been modulated by
their current stage of learning (i.e., Fitts & Posner, 1967) interacting with their age. Previous research
has shown that younger adults frequently request KR early in acquisition (Chiviacowsky & Wulf,
2002), suggesting the cognitive stage of learning (Fitts & Posner, 1967) where KR is required by the
performer to successfully achieve the motor task goal. As practice continues, KR is requested less frequently by the performer (Chiviacowsky & Wulf, 2002), as they have achieved the ability to consistently achieve the task goal independent of KR, suggesting they have progressed to the later stages
of motor learning (associative and autonomic stage of learning: Fitts & Posner, 1967). To our knowledge, the present study was the ﬁrst to examine: (1) the utility of a self-controlled KR context for older
adults and, (2) their subsequent preference for KR as a function of practice trials completed. Thus, it
was possible that participants’ preference for KR was modulated by the participant’s age and their
achieved stage of learning upon completion of the acquisition period. Therefore, if the Self-Young
and Self-Old participants were progressing through the early stages of learning at different rates, it
is possible this could have differentially inﬂuenced their motor performance and requests for KR
(i.e., proportion of KR trials) during the ﬁrst and second half of the acquisition period. However,
inspection of the AE and VE for the ﬁrst and second half of practice showed no statistical motor performance differences between the Self-Young and Self-Old conditions, suggesting the older and younger adults were learning the motor task at a similar rate. Furthermore, inspection of the proportion of
KR trials for the ﬁrst and second halves of the acquisition period were also not signiﬁcantly different
between the Self-Young and Self-Old conditions. Collectively, these ﬁndings suggest the self-reported
preferences for KR from the Self-Young and Self-Old participants upon completion of the acquisition
period were based on a similar stage of motor learning achieved upon completion of the acquisition
period. However, we suggest that future research is required to further understand whether participant’s strategical preference for the practice variable they are controlling is a function of their stage
of skill acquisition and age or characteristics of their central nervous system (e.g., stroke, multiple
sclerosis).
4.3. Error detection and correction as a function of KR group and age
To our knowledge, this was the ﬁrst attempt to determine if a self-controlled KR schedule would
concurrently strengthen the ability to detect and correct errors during retention compared to a yoked
KR schedule. This interest was based on past research reporting a systematic decrease in KR requests
during practice by self-control participants. Chiviacowsky and Wulf (2002) reported a decrease from
45% in Block 1% to 28% in the ﬁnal block whereas a more modest decrease was reported by Patterson
and Carter (2010) of 62% in Block 1% to 59% in the ﬁnal block. However, these authors did not investigate whether the decreased KR requests were replaced by an increased reliance on intrinsic feedback, subsequently strengthening error detection abilities. To address this gap, we asked all
participants to estimate their perceived outcome of each motor response during retention. Based on
the ﬁndings of Chiviacowsky and Wulf (2002) and Patterson and Carter (2010), we predicted a selfcontrolled KR schedule would enhance the ability to detect errors in the absence of KR during retention irrespective of age compared to a yoked KR schedule. This prediction was partially supported as
the Self-Young group was signiﬁcantly more accurate at estimating their retention performance than
the Yoked-Young group whereas no signiﬁcant differences were found between the Self-Old and
Yoked-Old groups. Therefore, we suggest that one of the mechanisms subserving motor learning during self-controlled practice is a strengthened error detection and correction mechanism. To account
for this age-dependent ﬁnding, we offer the following hypothesis.
We suggest the combined effect of previously noted age-related decreases in proprioceptive acuity
in older adults (Adamo, Martin, & Brown, 2007; Meeuwsen, Sawicki, & Stelmach, 1993) and the high
frequency KR schedule (88% to 100%) experienced by the majority of older adult participants
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contributed to their inability to accurately estimate their motor performance in retention. Although
the high frequency KR schedule facilitated motor learning in the Self-Old and Yoked-Old groups,
the lack of no-KR trials during acquisition was detrimental to the development of a reference of correctness for the motor task, which had a negative impact on retention performance. When the provision of KR is high during practice, it is believed participants ignore intrinsic feedback sources
considered instrumental in developing a reference of correctness (i.e., the Guidance hypothesis); however, the ability to successfully use intrinsic feedback sources to detect and correct errors is essential
to motor learning since unlike KR, it is always available to the learner (Lee et al., 1994; Wulf & Shea,
2004).
5. Conclusion
In summary, the results of the present experiment suggest the learning beneﬁts of a self-controlled
KR schedule are modulated by the age of the learner. Although recent research found a self-controlled
KR schedule enhanced motor learning in children (Chiviacowsky et al., 2008), our results suggest these
advantages do not extend to older adults. Data from the Self-Young group not only provides further
support to the utility of self-controlled practice in younger adults but also adds to our theoretical
understanding of self-controlled KR in two important ways. First, a self-controlled KR schedule concurrently strengthened the error detection mechanism relative to a yoked KR schedule. Second, a shift
in KR scheduling strategies occurs between the ﬁrst and second halves of practice. Overall, these ﬁndings provide new insight regarding the potential mechanisms responsible for the robust learning
advantages of self-controlled KR schedules in younger adults. To date, the relationship between
self-controlled practice and older adults has received minimal attention in the motor learning research. As a result, it is not well understood and remains a fruitful area for further inquiry.
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