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Benefits of enhanced expectancies through temporal­ 
comparative feedback for motor Iearning in older adults 

HELENA THOFEHRN LESSA*, GO TANI**, SUZETE CHIVIACOWSKY* 

(*) Universidade Federal De Pelotas, Brazil 
(**) Universidade De Sdo Paulo, Brazil 

The present study investigated the ef/ects o/ positive temporal-comparative 
feedback on the learning o/ a timing walk task in older adults. Tbirty-four older 
adults practiced a task in which tbey were required to learn how to walk /or a dis­ 
tance o/ 4 m using 50% o/ their maximal speed. Participants were divided into a 
positive temporal-comparative feedback (PTC) group and a control group, both o/ 
which received feedback about timing accuracy a/ter every other trial during prac­ 
tice. In addition, a/ter each block o/ 10 trials, participants in the PTC group were 
in/ormed that their average temporal errors in the block were lower than the aver­ 
age error o/ the previous block. Retention and trans/er tests were per/ormed 24 
hours a/ter the practice phase. A customized questionnaire was also applied, which 
/ocused on veri/ying perceived competence, enjoinment, and nervousness levels. 
The results showed enhanced learning and lower levels o/ nervousness while adapt­ 
ing to the trans/er task /or the PTC group relative to the control group. These 
results provide evidence that positive temporal-comparatiue feedback can facilitate 
motor learning in older adults, and /urther support the motivational role o/ feed­ 
back in motor learning. 

KEY WORDS: Aging, Knowledge of results, Motivation. 

Introduction 

The motivational role of feedback in mo tor learning have recently been 
more directly investigated through different lines of research (Avila, Chivia­ 
cowsky, Wulf, & Lewthwaite, 2012; Badami, Vaezmousavi, Wulf, & Namaz­ 
izadeh, 2012; Chiviacowsky & Harter, 2015; Chiviacowsky & Wulf, 2002; 
2007; Chiviacowsky, Wulf, Wally, & Borges, 2009; Clark & Ste-Marie, 2007; 
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Lewthwaite & Wulf, 2010; Navaee, Farsi, & Abdoli, 2016; Saemi, Porter, 
Ghotbi-Varzaneh, Zarghami, & Maleki, 2012; Wulf, Chiviacowsky, & Lewth­ 
waite, 2012). In general, these studies indicate that practice conditions in 
which participants can build positive mindsets and expectancies for success­ 
ful performance through the use of positive feedback may generate better 
motor performance and learning. 

One of these research lines involves comparative feedback, a type of 
feedback that provides the learner with information related to improvements 
on performance at different points in time (temporal-comparative feedback) 
or related to the performance of peers in similar practice conditions (social­ 
comparative feedback) (Albert, 1977; Brown & Middendorf, 1996; Fes­ 
tinger, 1954; Zell & Alicke, 2009; Wilson & Ross, 2000). Social-comparative 
feedback has been consistently demonstrated to facilitate the learning of 
motor skills in diverse kinds of tasks. Wulf, Chiviacowsky and Lewthwaite 
(2012) observed not only higher learning, but also reduced nervousness and 
concerns related to own ability in older adults receiving feedback who indi­ 
cated above-average performance during practice. Similar results were found 
in other populations, for example in young adults learning balance tasks 
(Lewthwaite & Wulf, 2010b), sequential timing tasks (Wulf, Chiviacowsky, 
& Lewthwaite, 2010), or throwing tasks (Pascua, Wulf, & Lewthwaite, 2015; 
Wulf, Chiviacowsky, & Cardozo, 2014), or in children learning the throwing 
of beanbags (Avila et al., 2012) or basketballs (Gonçalves, Cardozo, Valen­ 
tini, & Chiviacowsky, 2018). 

Research looking at the effects of temporal-comparative feedback on 
motor learning, however, is significantly more limited. Chiviacowsky and 
Drews (2016) observed that younger adult participants receiving false feed­ 
back that suggested that their average performance on practice blocks was 
better than in previous blocks presented higher levels of self-efficacy and 
greater learning of a coincident timing task than participants who were 
informed that their performance across blocks had decreased. In another 
study using the same population, the learning of a sport motor task, golf 
putting, was enhanced when participants received positive comparative feed­ 
back relative to a contro! group that did not receive such information (Chivi­ 
acowsky, Harter, Gonçalves, Cardozo, 2019). 

Experiments observing the effects of positive temporal-comparative 
feedback in older adults are, however, still lacking. This subject is important 
for several reasons. Por example, Brown and Middendorf (1996) observed 
that temporal comparison was preferred in different age groups relative to 
social comparison, with its importance being increased throughout life, while 
the importance of social comparison remained constant. In addition, the per- 
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formance of older adults is considered to be frequently negatively affected by 
the adults' mindsets. In the aging process, negative stereotypes related to the 
advancement of age can be incorporated and assimilated unconsciously, 
reflected as loss of competence and impaired self-esteem (Levy, 2009). 

The negative eff ects of age stereotypes on motor learning have recently 
been confirmed (Chiviacowsky, Cardozo, & Chalabaev, 2018). While older 
adults may indeed present a natural physical and cognitive decline that may 
compromise their daily activities (Ren, Wu, Chan, & Yan, 2013), such nega­ 
tive psychological perspectives may contribute to the level of observed age­ 
related changes. Thus, there is a possibility that positive temporal-compara­ 
tive feedback may benefit the acquisition of motor skills in older adults, and 
the purpose of the present study was to investigate this effect. 

Two groups of participants (a positive temporal-comparative feedback 
group and a control group) practiced a gait task involving speed precision. 
While both groups received egual feedback about temporal accuracy after 
every other trial during the practice phase, only the positive temporal-com­ 
parative feedback group received (false) feedback suggesting that their per­ 
formance in a determined block was better on average than the performance 
in the previous block. Retention and transfer tests, without any kind of feed­ 
back, were applied the next day, in order to assess relatively permanent 
effects on performance, that is, task learning. In addition, to assess whether 
and how positive temporal-comparative feedback influenced participants' 
perceptions of enjoyment, competence and nervousness, participants com­ 
pleted a customized questionnaire at the end of each day. We hypothesized 
that older adults receiving the positive comparative feedback would demon­ 
strate superior performance in the learning tests, and higher motivational lev­ 
els in the customized questionnaire, relative to participants of the control 
group. 

Methods 

PARTICIPANTS 

Thirty-four older adults (30 women and 4 men) with a mean age of 66.14 ± 5.06 years 
(positive tempora! comparative group: mean = 66.06, standard deviation [SD] = 4.63; contro! 
group: mean = 66.24, SD = 5 .63) participated in this experiment. The partici pants were 
healthy and were recruited from a physical activity group of a university in the southern Brazil. 
Participants indicated their voluntary participation by informed consent, but were not aware 
of the specific purpose of the study and had no prior experience with the experimental task. 
The university's institutional review board approved the study. 
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TASK AND PROCEDURE 

The participants were required to leam an indoor 4-meter walking speed task, on a flat 
floor, using 50% of their maximal speed. Two marks were placed on the floor indicating the 
beginning and end of the straight path, and a stopwatch was used to record the time (in sec­ 
onds) to complete the trials. Before practice, all participants were asked to complete the path 
once as fast as possible, in order to establish their maximal speed. Each trial began with the 
participants standing on the first mark. The timer was initiated when the participants' feet left 
the mark and stopped when the participant first touched the end mark. 

The participants were randomly assigned to the positive temporal-comparative feedback 
group (PTC) or the contro! (C) group, matched according to sex and age, and received gen­ 
erai task instructions. Next, they received the specific target time (50% of their maximal 
speed) to complete each trial, and performed one trial as a pre-test. During practice, both 
groups received feedback about the time used to complete the path after every other trial. In 
addition, participants in the PTC group received positive comparative feedback indicating 
their progress across the blocks. More specifically, at the end of the second, third, and fourth 
block of trials, and similar to the findings of Chiviacowsky and Drews (2016), these partici­ 
pants were informed that their average errors were 10%, 15%, and 20% lower than the aver­ 
age error of the previous block, respectively. The practice phase consisted of 40 trials. In order 
to assess learning, participants performed retention and transfer tests the next day, with both 
tests consisting of ten trials without any feedback. In the transfer test, the target time for each 
participant was increased by 2 seconds. 

Immediately after the practice phase (day 1) and the transfer test (day 2), the participants 
were asked to complete a customized questionnaire adapted from the lntrinsic Motivation 
lnventory (IMI) (Mcauley, Duncan, & Tammen, 1989), with questions related to the enjoy­ 
ment, competence, and nervousness scales. They were asked to indicate the intensity of which 
they felt such aspects in relation to the task on a scale of 1 ("nothing") to 10 ("extremely"). 

DATA ANALYSIS 

Accuracy scores for each trial were analyzed in a 2 (groups: PTC, control) x 4 (trial 
blocks) analyses of variance (ANOVA) with repeated measures on the last factor. Retention, 
transfer, and the questionnaire data were analyzed by separated one-way ANOVA. Partial eta­ 
squared values were used to indicate effect sizes. The alpha level for significance was set at .05 
for all analyses. 

Results 

TEMPORAL ACCURACY 

Pre-test 

There was no significant difference observed between groups on the 
pre-test, F (1, 34) = 1.71, p = .682, 1JP2 = .005. 
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Practice 

The groups increased their tempora! accuracy across the practice trials 
(see Figure 1). The main effect of trial was significant, F (3, 96) = 41.789, p < 
.001, 1JP2 = .566. The main effect of group was not significant, F (1, 32) = 
3.266, p = .080, 1JP2 = .093, indicating that performance during practice did 
not differ across groups. The interaction of group and trial was also not sig­ 
nificant, F (3, 96) = 0.120, p = .948, 1JP2 = .004. 

Retention 

The main effect of group was not significant, F (1, 34) = 1.754, p = .195, 
1JP2 = .052 (Figure 1). 

Trans/er 

The main effect of group was significant, F (1, 32) = 6.036, p = .020, 1JP2 

= .159, confirming that the PTC group had higher temporal accuracy then 
the control group (Figure 1). 
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Figure 1. Absolute error scores of the PTC and Control groups in the pre-test, prac- 
tice, retention, and transfer phases. Error bars represent SE. 
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QUESTIONNAIRE 

After the practice phase, no differences were observed between the PTC 
and the control groups regarding perceived enjoyment, F (1, 32) = 1.078, p = 
0.307, 1JP2 = .033; competence, F (1, 32) = 0.059, p = .810, 1JP2 = .002; or ner­ 
vousness, F (1, 32) = 2.298, p = .139, 1JP2 = .067. After the transfer test, there 
was a significant difference observed between the groups, with the PTC 
group presenting lower scores in the nervousness levels relative to the control 
group, F (1, 32) = 6.152, p = .019, 1JP2 = .161. Differences in the reported 
enjoyment, F (1, 32) = 1.078, p = .307, 1JP2 = .033, and competence, F (1, 32) 
= 0.000, p = l.000, 1JP2 = .000, levels were not found. The means and SD of 
the assessed questionnaire subscales are presented in Table I. 

Discussion 

In the present experiment, we investigated whether positive temporal 
comparative feedback, confirming improvements in performance across 
blocks of practice, would benefit motor learning in older adults. The results 
showed that participants receiving the positive comparative feedback had 
similar performance during practice and retention, but enhanced perfor­ 
mance in the transfer test, relative to participants in the control group. Thus, 
more effective learning of the task was observed in the positive feedback 
group. Questionnaire results also demonstrated reduced nervousness in 
these participants compared with the control group on the second day. Posi­ 
tive temporal comparative feedback can therefore play a role in decreasing 
levels of nervousness related to task performance among older adults, subse­ 
quently benefiting motor leaming. 

The findings of the present study add to a growing literature showing 
that a person's mindset can affect motor learning. These findings are in line, 

TABLE I 
Questionnaire Subscale Results O/ The PTC And Contro! Groups A/ter Practice And Trans/er. 

Subscales A&er practice phase A&er transfer test 

PTC Contro) PTC Contro) 

Enjoyment 
Competence 
Nervousness 

8.94 (1.06) 
9.33 (1.33) 
1.72 (2.37) 

8.41 (1.54) 
9.18 (1.47) 
3.41 (3.59) 

8.78 (0.94) 
9.39 (1.29) 
1.0 (1.78)* 

8.53 (1.33) 
9.35 (0.93) 
3.47 (3.57) 

• Significant statistica) (p < .05) difference between groups. 
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for example, with evidence showing the benefits of providing tempora! com­ 
parative feedback in young adults (Chiviacowsky, Harter, Gonçalves, & Car­ 
dozo, 2019). They also corroborate previous findings (Wulf et al., 2012) in 
which elderly women receiving social comparative feedback demonstrated 
higher motor learning and lower levels of nervousness and ability-related 
concerns relative to control groups. 

While the aging process is reflected in behavioral changes resulting from 
functional decline, it can also be influenced by age-related negative stereo­ 
types internalized throughout life, such as reduced memory performance, 
reduced balance, slower gait speed, and decreased auditory capacity (Levy, 
1996; Levy, 2009). Such stereotypes are capable of influencing cognitive, 
physical, and motor outcomes, being associated, for example, with an inten­ 
sified cardiovascular response (Levy, Hausdorff, Hencke, & Wei, 2000), 
worse gait performance (Hausdorff, Levy, & Wei, 1999), and motor learning 
(Chiviacowsky, Cardozo, & Chalabaev, 2018). However, it seems that the 
simple reduction of negative beliefs by enhancing older adults' expectancies 
for performance, or perceptions of ability, through different kinds of positive 
feedback can benefit motor learning in this population (Chiviacowsky et al., 
2009; Wulf et al., 2012; present study). 

Practice conditions that enhance expectancies for performance may 
contribute to motor learning by strengthening the coupling of goals to 
actions, reading the motor system for task execution, and helping to consoli­ 
date memories (Wulf & Lewthwaite, 2016). In this process, a dual role for 
goal-action coupling is indicated: maintaining focus on the task goal and pre­ 
venting or reducing self-focus. Individuals showing increased task-related 
nervousness may present higher concerns about their own competence on 
the task, probably occupying themselves with self-directed intrusive 
thoughts, which is considered counterproductive to motor learning (Ban­ 
dura, 1982; Bandura & Wood, 1989; McKay, Wulf, Lewthwaite, & Nordin, 
2015; Sarason, 1984; Wine, 1971; Wulf et al., 2012). Confidence (or self-effi­ 
cacy) has, in fact, been shown to enhance task-relevant attentional control 
during practice (Themanson & Rosen, 2015), and is demonstrated to be a 
predictor of motor performance and learning (e.g., Chiviacowsky, 2014; 
Chiviacowsky, Wulf, & Lewthwaite, 2012; Moritz, Feltz, Fahrbach, & Mack, 
2000; Stevens, Anderson, O'Dwyer, & Williams, 2012). 

Taken together, the results of the present study and previous literature 
support the conclusion that positive temporal-comparative feedback proba­ 
bly affects older adults by reducing age-related negative self-focus. The find­ 
ings advance the results of previous feedback experiments, providing the 
first evidence that positive temporal-comparative feedback can enhance the 
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learning of motor skills in older adults. The results have implications in prac­ 
tical settings that can be easily implemented in teaching situations, since the 
provision of positive temporal-comparative feedback can generate condi­ 
tions for optimal motor learning. Considering the worldwide phenomenon of 
aging populations and the evidence strongly supporting the positive associa­ 
tion between increased levels of physical activity, exercise participation, and 
improved health in older adults (Taylor, 2014), it is a challenge for health 
professionals to increase the participation of older adults in physical activity. 
Practice contexts supporting the individual's motivation for better learning 
of motor skills may play an important role in promoting higher engagement 
in physical activity, contributing to the improvement of health in this popu­ 
lation. Future research could further explore the specific mechanisms medi­ 
ating the relationship between temporal-comparative feedback and the 
learning of motor skills in older adults. 
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