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Does Mental Practice Work Like Physical Practice

Without Information Feedback?
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he effectiveness of mental practice (MP; i.e., the

imagination of performing a motor skill without
overt movement) has been well documented (for re-
views, see Feltz, Landers, & Becker, 1988; Grouios, 1992;
Hinshaw, 1991). In general, MP has been found to be
more effective for motor learning than no practice, but
not as effective as physical practice. A combination of
physical and mental practice, however, is often as effec-
tive as (e.g., Stebbins, 1968), or even more effective
than, physical practice alone (e.g., Kohl, Ellis, & Roenker,
1992, Experiment 2; McBride & Rothstein, 1979; Ulich,
1967; White, Ashton, & Lewis, 1979; Willimczik, Boltz,
Frohlich, & Rother, 1976). The effects of MP are inter-
esting not only from an applied point of view (e.g., for
the learning of sport skills or the rehabilitation of move-
ment disorders) but also from a theoretical perspective,
as an understanding of how MP functions could provide
further insights into motor and cognitive processes in-
volved in motor skill learning (Heuer, 1985).

The most influential hypotheses to explain the ef-
fects of MP are the cognitive hypothesis (Sackett, 1934),
the ideomotor (or psychoneuromuscular) hypothesis
(Allers & Scheminzky, 1926; Jacobson, 1932), and the
programming hypothesis (Heuer, 1985, 1989). Al-
though these hypotheses provide more or less plausible
and empirically supported explanations for the effects
of MP (for a review, see Heuer, 1985, 1989), neither hy-
pothesis provides an explanation for the finding that a
combination of physical and mental practice can be
even more effective than physical practice alone. For

Submitted: May 10, 1994
Revision accepted: April 19, 1995

Gabriele Wulf is with the Max-Planck-Institute for Psychological
Research in Munich, Germany. Gernot Horstmann is a student at
the University of Bielefeld and Byongho Choi is a student at the
University of Regensburg.

262

example, Willimczik et al. (1976) had female high
school students practice volleyball skills (serve, set) ei-
ther just physically or both physically and mentally (with
the total practice time being constant). They found that
combined physical and mental practice led to more ef-
fective learning of these skills than physical practice
alone did. As none of the previously mentioned hypoth-
eses seem to be able to answer the question of why the
mere imagination of a movement—at least when it is
combined with physical practice—would be more effec-
tive than physical practice, additional assumptions are
needed to explain these benefits of combined physical
and mental practice.

One possibility is that MP trials function like physical
practice trials without information feedback! (IF; Kohl et
al., 1992; Wulf & Vogt, 1994). Several recent studies have
shown that reducing the relative frequency of aug-
mented feedback, or knowledge of results (KR; i.e., with-
drawing it on a portion of trials), can enhance motor
learning as compared to practice with KR after every trial
(e.g., Winstein & Schmidt, 1990; Wulf & Schmidt, 1989;
see also Schmidt, 1991, for a review). These findings have
been explained in terms of the guidance hypothesis
(Salmoni, Schmidt, & Walter, 1984; Schmidt, 1991). Ac-
cording to this hypothesis, KR has positive functions,
such as guiding the learner to the correct response. How-
ever, KR is also argued to have several negative effects
that degrade learning. For example, by providing fre-
quent KR, the learner might become too dependent on
this information and neglect the processing of intrinsic
feedback. Withdrawing KR on a portion of trials, on the
other hand, forces the learner to pay more attention to
her or his own feedback, thus promoting the develop-
ment of a subjective error-detection-and-correction
mechanism. In addition, every-trial KR has been shown
to make movement production quite variable because
the learner constantly tries to correct even minor devia-
tions from the goal (e.g., Wulf & Schmidt, 1994; Wulf,
Schmidt, & Deubel, 1993). These “maladaptive short-
term corrections” (Schmidt, 1991) presumably prevent
the learner from developing a stable movement repre-
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sentation or motor program. A reduced relative KR
frequency, on the other hand, reduces these short-term
corrections and facilitates the development of a stable
motor program.

As MP also does not involve augmented or sensory
feedback about the movement outcome (i.e., IF), it is
possible that MP functions like physical practice with-
out IF. Some support for the notion that alternating
physical and mental practice trials has similar effects as
alternating physical practice trials with and without IF
comes from a study by Kohl, Fisicaro, and Erbaugh
(1993). These authors showed that imagining a certain
percentage of a maximum voluntary contraction pro-
duced aftereffects that were functionally equivalent to
those of a physical response without IF.

In the present study, we wanted to examine possible
similarities in the effects of MP and physical practice
without IF on the learning of a motor skill. We used a
golf-putting task that required participants to putt golf
balls to targets at different distances. If MP functions
like physical practice without IF, practice conditions in-
terspersed with MP or with no visual feedback or aug-
mented IF trials should have similar effects on learning;
that is, both conditions should produce more effective
learning than practice with IF after every trial should.
Learning was measured by a delayed retention test with-
out IF. In addition, we wanted to determine the
generalizability of the results to retention conditions
with IF.

Method

Participants

Thirty-six students from the University of Munich
participated in the experiment. All participants had
normal or corrected vision. They were paid DM 15
(about $9) for their participation. Participants were not
informed about the purpose of the experiment, and
none had prior experience with the task. Informed con-
sent was obtained from all participants prior to inclu-
sion in the study.

Apparatus and Task

The task required participants to putt golf balls with
a standard length right-handed putter (Lamkin OPTIC-
VI, Precision II) into target zones marked on the floor.
These target zones were 10-cm wide and were drawn
with a red marker on a gray carpet (560 x 155 cm) con-
centrically around a red dot, located near one end of
the carpet, from which the putt was executed. The tar-
get zones were 185, 285, and 385 cm away from the red
dot (measured from the middle of each zone). The
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nearest target was labeled as 1, the middle target as 2,
and the most distant target as 3. Between the target
zones were eight black lines, 10-cm apart from each
other, that divided the space between the targets into
nine zones. These zones were numbered to help the ex-
perimenter assess the distance off target.

Experimental Design and Procedure

Participants were randomly assigned to one of
three groups: the 100% IF group, the 50% IF group,
and the 50% MP group. All participants were instructed
to propel the golf ball along the putting surface into the
target zones by striking the ball with the putter. The ex-
perimenter first showed the participant the correct grip
and stance and then demonstrated the putting action.
Participants, however, were not given any practice trials
at this point. They were told that the sequence of targets
would always be 1, 2, 3; 1, 2, 3; and so forth. Participants
were then given six golf balls and were asked to perform
the first six trials. After each trial, the experimenter
gave KR (e.g., “hit” for putting the golf ball into the tar-
get zone or “minus 7” for a stroke seven zones short of
the target), recorded the deviation from the target to
the nearest 10-cm zone, and collected the golf balls. Af-
ter the first six trials, participants were given further in-
structions depending on the practice condition that
they had been assigned to.

In the 100% IF group, participants completed 14
blocks of 6 trials, resulting in a total of 84 practice trials.
The procedure described earlier was used and in addi-
tion to their visual feedback, participants were given
augmented IF in the form of verbal KR after every trial.
The 50% IF group received no visual or augmented IF
on every other 6-trial block. (Note that in the remain-
der of this article, when referring to experimental con-
ditions, the term no IF refers to no visual or augmented
IF.) To prevent participants from seeing where the golf
ball stopped in relation to the target, they wore a base-
ball hat with a piece of cloth (about 25x 25 cm) at-
tached to its left side. This prevented participants from
viewing the path of the golf ball for more than about
30 cm, but allowed them to see the ball when striking it.
Participants were also allowed to look at the target be-
fore each strike. They alternately performed 6-trial
blocks with and without IF until they had completed all
84 practice trials.

Participants in the 50% MP group were asked to
just imagine putting the golf ball to the target on every
other 6-trial block. They were instructed to image the
movement not only visually but to try to “feel” striking
the ball and to “watch” the path of the ball and where it
came to 4 stop. Participants were allowed to see the tar-
get during MP trials, but they were not allowed to move
the putter. They were asked to imagine putting the six
golf balls in the same order as before. Similar to the
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50% IF condition, participants in the 50% MP group
alternately performed 6 physical trials (with IF) and
6 mental trials until they had completed 84 trials. The
total time of the practice phase was about 30 min for all
participants.

One day after practice, participants returned to the
laboratory to perform two retention tests. Retention 1
consisted of 18 trials without IF, with the order of targets
being the same as during practice. During the first re-
tention test, participants wore the baseball hat that pre-
vented them from seeing the results of their actions.
Retention 2 consisted of 18 trials with IF (in the same
order as before); that is, in addition to their visual feed-
back, participants were given verbal KR by the experi-
menter after each trial.

Data Analysis

Dependent measures were absolute error (AE), in-
dicating the participants’ overall success in hitting the
targets; absolute constant error (ICEl), as a measure of
bias; and variable error (VE), as a measure of intra-
individual consistency in responding. These error scores
were first calculated for each target separately and
then averaged across targets. As no data were available
for the 50% MP group on every other 6-trial block
during practice (Blocks 2, 4, 6, 8, 10, 12, and 14), only
those practice blocks were analyzed for which data
were available for all groups (Blocks 1, 3, 5, 7, 9, 11,
and 13). Thus, the practice data were analyzed in 3 x 7
(Group x Block) univariate analyses of variance
(ANOVAs) with repeated measures on the last factor.

Practice

—{1— 100% IF Group
—O— 50% IF Group
—2—— 50% MP Group

AE {Number of Zones)
(=]
1

1 3 5 7 9 " 13
Trial Block

For both retention tests, the 18 trials were collapsed into
one block and analyzed in univariate one-way ANOVAs
(i.e., group as the independent variable). To eliminate
potential problems associated with the sphericity as-
sumption, probability levels were computed using the
Greenhouse-Geisser degrees-of-freedom adjustment.
Post hoc comparisons of means were performed using
the Student-Newman-Keuls (p<.05) procedure. The
strength of association (®?) was also reported for sig-
nificant group effects.

Results

Practice

All three groups consistently reduced their AE
scores across the practice phase (see Figure 1, left side),
with all groups demonstrating similar performances.
Thus, the interspersed no-IF blocks in the 50% IF con-
dition and the physical and mental practice blocks in
the 50% MP condition obviously had no degrading (or
facilitating) effects on practice performance (at least
on the IF blocks that are shown in the graph in Fig-
ure 1) as compared to the 100% IF condition. The main
effect for block was significant, F(6,198) = 21.67,
p<.001, whereas the main effect for group and the
Group x Block interaction were not significant. The
ICEl data (see Table 1) show that all groups became
more accurate in hitting the target over the course of
practice, F (6,198) =12.01, p<.001. Similar to AE,

Retention
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Figure 1. Absolute error (AE} in practice and in the 24-hr retention tests without information feedback {no-IF retention) and with IF

(IF retention). MP = mental practice.
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there was no significant difference between groups and
no interaction of group and block. Participants not only
became more accurate but also generally more consis-
tent in responding from the beginning to the end of
practice (see VE data in Table 1). Only the block effect
was significant, F (6, 198) = 16.83, p<.001.

Retention Without IF

Mean AE scores in the no-IF retention test are
shown on the right side of Figure 1. The 50% IF group
had clearly lower AE scores than the 100% IF group and
the 50% MP group. The group effect was significant,
F (2, 33) =5.95, p< .05, ®2=.29, Post hoc tests indicated
that the 50% IF group had significantly lower AE scores
than both the 100% IF group and the 50% MP group.
The 50% IF group also demonstrated lower ICEI scores
than the 100% IF group and the 50% MP group (see
Table 1). The group effect was also significant for ICEI,
F (2, 33) =5.48, p< .05, ®?=.17. Post hoc tests revealed
that only the difference between the 50% IF group and
the 100% IF group was significant. The 50% IF group
was not only more accurate but also more consistent in
putting the golf balls than the 50% MP group, whereas
the 100% IF group showed intermediate performance
(see VE data in Table 1). The main effect for group was
significant, F (2, 33) = 3.94, p<.05, ®?=.20. Post hoc
tests indicated that the 50% IF group had significantly
lower VE scores than the 50% MP group.

Retention With IF
In the IF retention test, all groups had considerably
lower errors than in the no-IF test. There were no sig-

nificant differences between groups with regard to ei-
ther AE (see Figure 1, far right), ICEl, or VE.

Discussion

Even though there were no significant performance
differences between groups during practice, the 50% IF
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condition produced more effective learning than both
the 100% IF and 50% MP conditions in the no-IF reten-
tion test (as measured by AE). The beneficial effects of
the reduced IF frequency, relative to IF after every trial,
are in-line with previous studies examining IF relative
frequency effects on motor learning (e.g., Winstein &
Schmidt, 1990; Wulf & Schmidt, 1989). Combined
physical and mental practice (50% MP condition), how-
ever, did not lead to more effective learning than physi-
cal practice with 100% IF did, as has been demonstrated
before (e.g., Kohl etal., 1992, Experiment 2; McBride &
Rothstein, 1979; Ulich, 1967; White et al, 1979;
Willimezik et al., 1976). Yet the 50% MP group did not
demonstrate poorer retention performance than the
100% IF group, even though they had only half the
number of physical practice trials.

More important, MP trials did not have the same
effects on learning as physical practice trials without
visual or augmented IF. Even though during practice
there were no differences between the 50% IF group
and the 50% MP group, withdrawing IF on 50% of the
trials clearly produced more effective learning than did
MP on 50% of the trials. In the no-IF retention test, the
50% IF group had significantly lower AE and VE and
also tended to be more accurate (ICE!) than the 50%
MP group. Thus, there seems to be a clear benefit to
actually executing a movement, even if, or especially if,
no visual or augmented IF is available, as compared to
just imagining the movement. Perhaps reducing the
relative IF frequency encourages learners to pay more
attention to their intrinsic feedback (e.g., kinesthetic
feedback), which is probably not possible to the same
degree under MP conditions (and not necessary under
physical practice conditions with 100% IF), leading to a
stronger error-detection-and-correction mechanism
(Salmoni et al., 1984; Schmidst, 1991). Also, the 50% IF
group demonstrated a greater stability in movement
production than did the 50% MP group in the no-IF re-
tention test, suggesting that executing a movement
without IF, and not just imagining it, enhances move-
ment stability. The results, therefore, do not support
the notion that MP has the same effect on learning as

Table 1. Absolute constant error {ICEI) and variable error (VE) in practice and in the no-information feedback (IF} and IF retention tests

Dependent Practice blocks No-IF IF

variable Group 1 2 3 4 5 6 7 retention  retention

ICEI 100% IF 45 47 41 31 2.4 26 2.2 53 18
50% IF 45 38 38 30 31 28 27 29 19
50% MP 6.2 36 3.1 42 35 23 25 41 19

VE 100%IF 6.9 6.3 4.4 40 43 4.2 3.2 55 43
50% IF 1.2 5.9 4.4 35 A0 38 34 47 45
50%MP 73 59 5.3 42 43 5.9 42 6.0 48

Note. MP = mental practice.
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physical practice without IF. Withdrawing IF on a por-
tion of trials seems to clearly produce more effective
learning than practicing movements mentally for the
same number of trials.

Contrary to the no-IF retention test (Retention 1),
there were no significant differences between groups
in the IF retention test (Retention 2). Based on the
present results, the possibility cannot be excluded that
the 50% IF group demonstrated more effective perfor-
mance on the no-IF retention test because these partici-
pants, contrary to those of the 100% IF and 50%
MP groups, were used to performing without IF (i.e.,
because their practice conditions were more similar to
the no-IF retention conditions). However, in other
studies, such a specificity-of-learning interpretation
(e.g., Henry, 1968; Tulving & Thomson, 1973) has been
shown not to be a viable explanation for the learning
advantages of a reduced IF frequency. For example,
Winstein and Schmidt (1990, Experiment 3) and
Schmidt, Lange, and Young (1990, Experiment 2) pro-
vided convincing evidence against the specificity hy-
pothesis by showing that a reduced IF frequency can
produce more effective performance even in IF reten-
tion tests. Most likely, in the present experiment, the ef-
fects of IF in Retention 2 were so powerful that they
overshadowed the differential learning effects that were
seen in the no-IF retention test and produced perfor-
mances that were comparable to those reached toward
the end of practice.

The present results indicate that reducing the fre-
quency of visual or augmented IF during MP is probably
not the only reason for the effectiveness of combined
physical and mental practice. Rather, there seems to be
an advantage to actually executing a movement (with-
out IF) as compared to just imagining it. Thus, it still
remains unclear why combined physical and mental
practice can enhance learning relative to physical prac-
tice alone. Determining what are the exact underlying
mechanisms of MP remains a challenge for future re-
search.
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Note

1. The term information feedback (IF) is preferred in this con-
text to knowledge of results (KR) because IF includes augmented
feedback (KR in this experiment) as well as visual and prop-
rioceptive sensory feedback. In this experiment, KR and visual
sensory feedback are withdrawn, thereby making it not pos-
sible to consider the role of KR alone. (Thanks to Dick Magill
and Tim Lee for pointing this out.)
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