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Abstract This empirical article presents the first evidence of
a Bsafety mechanism^ based on an observational-learning par-
adigm. It is accepted that during observational learning, a
person can use different strategies to learn a motor skill, but
it is unknown whether the learner is able to circumvent the
encoding of an uncompleted observed skill. In this study, par-
ticipants were tested in a dyadic protocol in which an observer
watched a participant practicing two different motor se-
quences during a learning phase. During this phase, one of
the two motor sequences was interrupted by a stop signal that
precluded motor learning. The results of the subsequent reten-
tion test revealed that both groups learned the two motor se-
quences, but only the physical practice group showed worse
performance for the interrupted sequence. The observers were
consequently able to use a safety strategy to learn both se-
quences equally. Our findings are discussed in light of the
implications of the action observation network for sequence
learning and the cognitive mechanisms of error-based
observation.
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Learning strategy

Observational learning represents a crucial adaptation strategy
in different real-life situations. Indeed, an observer does not
physically practice the task and consequently he or she does
not risk injury or expend the same amount of energy as a
practitioner during learning. For example, the recovery of up-
per limb function in patients following stroke is enhanced after
action observation (Franceschini et al., 2010). In sports situa-
tions or surgical performance, observation is a useful tool to
convey information to learners (Hodges, Williams, Hayes, &
Breslin, 2007). All these findings emphasize the fact that at a
neurophysiological level, common neuronal network activa-
tion is shared between physical and observational practice,
known as the action observation network (AON), which in-
cludes the premotor cortex, the primary motor cortex, and the
inferior parietal cortex (Press, 2011). From the AON perspec-
tive, it could be hypothesized that all watched skills can en-
gage at some level the representation of an action in observers.
Consequently, it could be argued that if an observer watches
an interrupted skill, the interruption will be processed and, in
turn, will decrease motor performance during subsequent en-
actment. In contrast, if observers were able to learn a task
without being impacted by the practitioner’s interruption, we
could argue that any observed perturbation could be avoided
during observational learning. This present article presents the
first evidence for this Bsafety^ hypothesis.

Theoretically, the safety hypothesis can accord with the
concept of emulation, which emphasizes the ability in humans
to learn from the goals or intentions of others, whatever the
specific sequential actions taken to attain these goals (Behne,
Carpenter, Call, & Tomasello, 2005; Meltzoff, 1995; Subiaul,
Patterson, & Barr, 2016). In this view, an interrupted or a
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noninterrupted task can similarly afford the goal of the to-be-
enacted action. Accordingly, for observational learning, this
goal emulation could imply learning from the model’s
intended goal but not from the model’s movement (Loucks
& Meltzoff, 2013; Whiten & Ham, 1992). In the same vein,
some behavioral studies have revealed that physical and ob-
servational practice could rely on specific cognitive mecha-
nisms (Badets & Blandin, 2010; Badets, Blandin, Bouquet, &
Shea, 2006; Hayes, Elliott, Andrew, Roberts, & Bennett,
2012; Shea, Wright, Wulf, & Whitacre, 2000). For this disso-
ciation between physical and observational practice, Thomas,
Sink, and Haggard (2013) stated that Baction observation may
be dominated by simulation of the model’s sensations, rather
than their motor commands^ (p. 344). Such a statement ac-
cords with previous studies showing that observational learn-
ing relies mainly on a visual–spatial representation (Boutin,
Fries, Panzer, Shea, & Blandin, 2010; Hayes et al., 2012).

Accordingly, Badets and Blandin (2010) proposed that an
observational condition should engage participants on the per-
ceptual (and not motor) level of the action to be learned (see
also Maslovat, Hodges, Krigolson, & Handy, 2010, and
Buchanan, 2015, for limitations of this statement in
coordination tasks). Empirical evidence for such a claim
comes from the delayed motor intention (DMI) paradigm. A
delayed motor intention is the capacity to imagine in a far
future an action to be performed. Several domains, such as
skill learning, tool use, or action memory, revealed that this
foresight capacity engages mainly a perceptual mechanism for
the practitioner (see Badets & Osiurak, 2015, for a review and
the theory). For example, Badets et al. (2006, Exp. 3) have
found that, in contrast to physical practice conditions, an
observational practice condition benefited from this DMI.
In this study, participants were required to learn four dif-
ferent motor sequences during an encoding phase based on
a physical or an observational practice condition. Before
this encoding phase, two motor sequences were associated
with a DMI (i.e., the instruction emphasized that partici-
pants will have to reproduce the two motor sequences dur-
ing a future retention phase), and two motor sequences
were not associated with a DMI. The retention phase was
performed after the encoding phase. The results of the ob-
servational group during the retention phase revealed that
learning of the two motor sequences associated with a DMI
was improved as compared to the two motor sequences not
associated with a DMI. For the physical practice condition,
the motor representation (and to a lesser extent, the percep-
tual level) is mainly involved during the production of the
to-be learned movement, and as a result the DMI cannot
improve the skill level through this enactment.

Another interesting specificity of observational learning is
the capacity to implement different strategies to efficiently
learn the task. For example, it is accepted that observing both
an expert and a novice model improves skill learning as

compared to the mere observation of either an expert or a
novice model alone (Andrieux & Proteau, 2013; Rohbanfard
& Proteau, 2011). For Andrieux and Proteau, such a mixed
observational-learning procedure provides the learner an ac-
curate reference of the skill to be performed from an expert
model, and typical errors from the novice give the learner the
opportunity to avoid them during encoding (see also Badets
et al., 2006). This last interpretation accords with a safety
mechanism for observers. However, it is unknown whether a
sudden interruption of the task to be learned can be avoided by
an observer. Specifically, during physical practice learning, it
could be hypothesized that an interruption during the
encoding phase should weaken the learning process of the
task. From the AON viewpoint, the weakening of acquisition
performance should be equally exhibited during a retention
phase for the physical practice group and for the observational
practice group. In contrast, if an observer can avoid detected
errors during observational learning, then such interruption
should not impede skill learning (Andrieux & Proteau, 2014;
Badets et al., 2006).

The following experiment tested these two alternatives hy-
potheses with a motor sequence-learning task. Participants
were tested in a dyadic protocol during the acquisition phase,
in which an observer learned the task from the actual perfor-
mance of a learning model. The physical practice (PP) and
observational (OBS) groups were required to learn two differ-
ent motor sequences with their right hand (Motor Sequences
A and B), and they were instructed that during the acquisition
phase onlyMotor Sequence B would be interrupted. To assess
the learning level of the twomotor sequences between groups,
all participants performed different recall tests—that is, a re-
tention test and two intermanual (visual–spatial and motor)
transfer tests. The retention test was performed with the right
hand and assessed themotor and visual–spatial components of
the task. The motor-transfer test was performed with the left
hand, and assessed the motor representation while keeping
constant the order of musculoskeletal constraints of the task.
The visual–spatial transfer test was performed with the left
hand, and assessed the visual–spatial representation while
keeping constant the order of target constraints of the task
(see Boutin et al., 2010).

Method

Participants

Twenty-eight right-handed (N = 14 in each group) participants
(mean age PP = 18.6, SD = 1.1 [12 females]; mean age OBS =
18.5, SD = 0.7 [12 females]) from the University of Bordeaux
were randomly assigned to two experimental groups (PP or
OBS), which were defined according to the practice condi-
tions they engaged in during the acquisition phase (Table 1
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summarizes the groups and experimental phases). All partici-
pants were unaware of the purpose of the study, were right-
handed (Edinburgh Handedness Inventory; Oldfield, 1971),
and had normal or corrected-to-normal vision. Instruction
and informed consent were administered and recorded before
the experiment.

Apparatus, task, and procedure

Participants sat on a chair in front of a computer screen, posi-
tioned in such a way that the viewing distance was approxi-
mately 50 cm. Four horizontally aligned white empty squares
(2.1 cm wide × 2.1 cm high, spaced 1 cm apart) were present-
ed on a black background in the center of the screen and
matched the spatial positions of the response keys (C, V, B,
and N) on the AZERTY keyboard. Each imperative stimulus
consisted in one of the four squares filled in blue and required
participants to press the appropriate response key. Stimulus
presentation and response registration were controlled using
the MATLAB R2012b software from The MathWorks
(Natick, MA) and the Psychophysics Toolbox extensions
(Kleiner, Brainard, & Pelli, 2007).

When physically practicing the task, participants were
asked to respond as rapidly and accurately as possible to the
sequentially presented stimuli by pressing the appropriate re-
sponse keys on the keyboard. Each block of trials began with
the presentation of the four horizontal empty squares accom-
panied by a brief 50-ms tone. The first imperative stimulus
was presented after a foreperiod of variable duration (1–3 s in
0.5-s steps). The response of the participant triggered the pre-
sentation of the next stimulus until completion of the practice
block. Each practice block consisted of ten repetitions of a
second-order conditional 12-element motor sequence (i.e., a
total of 120 keypresses). At the end of each practice block, the
display was erased and the screen remained black for 20 s.
When the participants were ready to proceed with the next
practice block, they pressed any one of the four response keys.

The experimental procedure was composed of three main
phases: pretest, acquisition, and posttest. In the pretest, all
participants physically performed three different retention
and intermanual (visual–spatial and motor) transfer tests.

The retention test was done first with the dominant hand.
This test consisted of two practice blocks, with one block
composed of Motor Sequence A (keys N–C–B–V–C–N–V–
B–N–B–C–V) and one block of Motor Sequence B (keys V–
N–V–C–B–N–C–V–B–C–N–B). Both transfer tests were per-
formed with the contralateral, nondominant left hand. In the
motor test, the original Motor Sequences A and B were mir-
rored so that the sequential movements remained the same
when transferred to the left hand (keys C–N–V–B–N–C–B–
V–C–V–N–B and B–C–B–N–V–C–N–B–V–N–C–V for
Motor Sequences A and B, respectively). In the visual–spatial
tests, the original Motor Sequences A and B were preserved
but performed with the left hand (keys N–C–B–V–C–N–V–
B–N–B–C–V and V–N–V–C–B–N–C–V–B–C–N–B for
Motor Sequences A and B, respectively). Note that because
of the present PP–OBS dyadic protocol, which involved the
presence of the two PP and OBS counterparts in the room
during the acquisition phase, we administered the pretest
phase for each practice-group participant separately. Hence,
while one participant was completing the pretest, his or
her practice-group counterpart was waiting outside the
testing place, and vice versa (order counterbalanced across
participants).

The acquisition phase involved physical and observational
practice conditions. Each participant in the OBS group was
yoked to one participant in the PP group, such that the yoked
counterpart received effective information from a learning
model (Boutin et al., 2010). Participants in the PP group sat
in front of the computer screen and physically performed 18
blocks of trials on Motor Sequences A and B with their dom-
inant, right hand. Nine blocks were composed of Motor
Sequence A, and nine blocks of Motor Sequence B. The prac-
tice of Motor Sequences A and B was alternated on a regular
basis for every practice block across the acquisition session
(e.g., Sequence A, Sequence B, Sequence A, etc.; order
counterbalanced across participants). The participants in the
OBS group stood upright and behind their PP group counter-
parts, located above the right shoulder to capture the visual
information from the right-hand finger movements and suc-
cessive stimuli on the screen. This observational viewing an-
gle was adopted in order to closely match the perspective view

Table 1 Experimental groups and procedures

Pretest Posttest

Group R VS M Acquisition R VS M New

PP Seq A/B Seq A/B Mirrored Seq A/B Seq A/B Seq A/B Seq A/B Mirrored Seq A/B Seq New

OBS Seq A/B Seq A/B Mirrored Seq A/B Seq A/B (Observation only) Seq A/B Seq A/B Mirrored Seq A/B Seq New

All groups physically performed two motor-sequence tasks during the pretest and posttest phases. For the observational practice group (OBS), the
acquisition session consisted of an observation phase, whereas for the physical practice group (PP), it consisted of physical practice. The acquisition and
retention (R) test sessions were performed with the dominant, right hand. The visual–spatial (VS) and motor (M) transfer tests were performed with the
nondominant, left hand. A new sequence was presented during the posttest phase and was performed with the right hand.

Psychon Bull Rev (2018) 25:643–650 645



of the participant actually performing the task. Where the
practice of Motor Sequence A was entirely completed
(noninterrupted) throughout the acquisition phase, the practice
of Motor Sequence B was experimentally interrupted using a
fading procedure, giving the PP and OBS participants the
opportunity to learn the task during early practice; motor-
task interruption occurred with the visual presentation of the
word Bstop^ in the center of the screen. More precisely, 100%
of trials were not interrupted for Blocks 1 and 2 (i.e., 120
keypresses completed), 75% of trials were not interrupted
for Blocks 3 and 4 (i.e., 90 keypresses completed), 50% of
trials were not interrupted for Blocks 5 and 6 (i.e., 60
keypresses completed), and 25% of trials were not interrupted
for Blocks 8 and 9 (i.e., 30 keypresses completed).

Approximately 5 min after completion of the acquisition
phase, all participants underwent a posttest session. The pro-
cedure was identical to that of the pretest phase, except that
participants performed an extra practice block on a new SOC
motor sequence in order to differentiate motor-sequence learn-
ing from generalized or nonspecific practice effects. This new
12-element motor sequence (keys V–N–C–B–V–C–N–V–B–
N–B–C) was performed with the right hand.

Results

Response time (RT) was defined as the time interval between
stimulus onset and the pressing of the corresponding key.
Mean RT and error data were computed separately for each
practice block during the pretest, acquisition, and posttest
phases. Where significant effects were found (p < .05),
Duncan’s multiple-range tests was used for post-hoc compar-
isons to determine the specific effects contributing to the gen-
eral analysis of variance (ANOVA) effects. Partial eta-squared
(ηp

2) was the effect size reported for all significant effects
(Cohen, 1988). Outliers (±2 SD) and the RTs from error trials
(i.e., erroneous key presses) were excluded from the analyses
(less than 5% in both groups).

Speed: RT data analysis

Pretest To assess basic skill levels and ensure that both groups
were exhibiting similar performance on both sequence tasks
during the pretest session, we ran a Group (PP, OBS) × Test
(retention, visual–spatial transfer, motor transfer) × Sequence
(A, B) ANOVAwith repeatedmeasures on the factors Test and
Sequence. As expected, the analysis failed to detect a signif-
icant main effect of either group, F(1, 26) = 1.66, or sequence,
F(1, 26) = 1.40, or a significant Group × Test, F(2, 52) < 1;
Group × Sequence, F(1, 26) < 1; Test × Sequence, F(2, 52) <
1; or Group × Test × Sequence, F(2, 52) < 1, interaction, ps >
.05. Only the main effect of test reached significance, F(2, 52)
= 14.55, p < .001, ηp

2 = .36, with better performances on the

retention test (M = 565 ms) than on the intermanual visual–
spatial (M = 612 ms; p < .001) and motor-transfer tests (M =
610 ms; p < .001), which did not differ (p > .05). This effect
reflected the switch from the dominant (i.e., retention test) to
the nondominant (i.e., transfer tests) hand during motor-
sequence performance.

Acquisition Since the OBS group did not physically practice
the task during the acquisition phase, this analysis was con-
ducted with the data from the PP group only. Due to the in-
terruption procedure during the acquisition of Motor
Sequence B, we separately analyzed (i) the noninterrupted
acquisition blocks during early practice, using a Block (1–2)
× Sequence (A, B) ANOVAwith repeated measures on both
factors, and (ii) the following seven practice blocks, using a
Block (3–9) × Sequence (A, B) factorial design, again with
repeated measures on both factors. (i) The first analysis re-
vealed a block main effect, F(1, 13) = 9.50, p < .01, ηp

2 =
.42, with lower RTs on Block 1 (M = 474 ms) than on Block 2
(M = 489 ms; p < .01). The main effect of sequence, F(1, 13) =
2.40, and the Block × Sequence interaction, F(1, 13) < 1, were
not significant, ps > .05. The results indicated similar skill
levels on both motor sequences during early practice, with a
slight but significant practice-dependent deterioration of task
performance from Block 1 to Block 2 due to a potential inter-
ference effect from the interleaved practice of the two se-
quences. (ii) The second analysis revealed main effects of
block, F(6, 78) = 3.66, p < .01, ηp

2 = .22, and sequence,
F(1, 13) = 5.40, p = .03, ηp

2 = .29. The Block × Sequence
interaction was not significant, F(6, 78) < 1. For the block
main effect, Duncan’s multiple-range test indicated within-
session performance improvements on both sequences from
Blocks 3 to 9 (MBlock3 = 520 ms and MBlock9 = 498 ms; p =
.02). Interestingly, though, the main effect of sequence indi-
cated better acquisition performance on Sequence A (M = 506
ms) than on Sequence B (M = 526 ms), which reflects lower
acquisition performance for the interrupted Sequence B.

Retention and intermanual transfers To account for skill
learning and improved task representation following acquisi-
tion in the PP and OBS practice conditions, we analyzed the
gains in performance (i.e., from pretest to posttest) for each of
the retention and transfer tests (Fig. 1). Performance gains
were assessed by computing the difference (in percentages)
between the mean RT on every retention and transfer test
block from pre- to posttest. Positive values indicate improved
performance. The difference between these measures high-
lights practice-related performance improvements in terms of
task representation and learning. Thus, we analyzed perfor-
mance improvements using a Group (PP, OBS) × Test (reten-
tion, visual–spatial transfer, motor transfer) × Sequence (A, B)
ANOVA with repeated measures on the factors Test and
Sequence.
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The analysis revealed main effects of group, F(1, 26) =
8.37, p < .01, ηp

2 = .24; test, F(2, 52) = 4.50, p = .01, ηp
2 =

.15; and sequence, F(1, 26) = 9.56, p < .01, ηp
2 = .27, as well

as significant Group × Test, F(2, 52) = 3.75, p = .03, ηp
2 = .13,

and Group × Sequence, F(1, 26) = 13.39, p < .01, ηp
2 = .34,

interactions. The analysis failed to detect significant Test ×
Sequence, F(2, 52) = 2.65, p = .08, and Group × Test ×
Sequence, F(2, 52) = 1.31, p > .05, interactions. For the
Group × Test interaction (see Fig. 1A), post-hoc comparisons
indicated that the PP group expressed higher performance
improvements on the retention and visual–spatial transfer tests
(Ms = 23.4% and 20.1%, respectively; p > .05) than on the
motor-transfer test (M = 15.6%; p < .001 and p = .02 vs. the
retention and visual–spatial tests, respectively). Interestingly,
however, for the OBS group, no significant differences
were found between the retention (M = 14.6%), visual–
spatial transfer (M = 14.5%), and motor-transfer (M =
14.3%) tests. Note that the PP group showed significantly

higher performance improvements than the OBS group on
the retention and visual–spatial transfer tests, but not on
the motor-transfer test. These findings are in accordance
with previous studies showing that the visual–spatial cod-
ing system mainly governs sequence production following
physical practice (see Boutin et al., 2010). Finally, further
analysis of the Group × Sequence interaction revealed that
the PP group expressed higher performance gains on
Sequence A (M = 22.6%) than on Sequence B (M = 16.8%;
p < .001), whereas sequence task improvements were not
significantly different between Sequence A and Sequence B
in the OBS group (Ms = 14.2% and 14.7%, respectively, p >
.05; see Fig. 1B). The latter finding highlights the fact that an
observer can avoid errors through observational learning
(Andrieux & Proteau, 2014; Badets et al., 2006). It is worth
noting that the PP group only showed higher performance
gains than the OBS group on Sequence A (p < .001). The
group differences on Sequence B did not reach significance
(p > .05).

Sequence-specific learning To differentiate sequence-
learning from generalized practice effects, we analyzed mean
RT data during the posttest from the noninterrupted Sequence
A and a new, unpracticed sequence using a Group (PP, OBS) ×
Sequence (Sequence A, new sequence) factorial design with
repeated measures on the last factor. The analysis revealed
main effects of group, F(1, 26) = 20.56, p < .001, ηp

2 = .44,
and sequence, F(1, 26) = 30.01, p < .001, ηp

2 = .54.
The Group × Sequence interaction was not significant,
F(1, 26) < 1. The main effect of group indicated that
the PP group (M = 426 ms) outperformed the OBS
group (M = 513 ms). Most importantly, and as expect-
ed, further analysis of the sequence main effect revealed
that both groups performed better on Sequence A (M =
444 ms) than on the new sequence (M = 496 ms), thus
providing a clear indication of sequence-specific learning in
both groups.

Accuracy: error data analysis

PretestAs for the RT data analysis, we ran aGroup (PP, OBS) ×
Test (retention, visual–spatial transfer, motor transfer) ×
Sequence (A, B) ANOVAwith repeated measures on the factors
Test and Sequence. The analysis revealed a significant main
effect of test, F(2, 52) = 11.68, p < .001, ηp

2 = .31, with fewer
errors produced on the retention test (M = 2.3 errors) than on
the visual–spatial (M = 4.2 errors; p < .001) and motor-
transfer (M = 4.5; p < .001) tests, which did not differ (p > .05).
The main effects of group, F(1, 26) = 1.59, and sequence, F(1,
26) < 1, as well as the Group × Test, F(2, 52) < 1, Group ×
Sequence, F(1, 26) < 1, Test × Sequence, F(2, 52) = 2.63, and
Group × Test × Sequence, F(2, 52) < 1, interactions, were not
significant, ps > .05.

Fig. 1 (A) Mean performance gains (in percentages) from pretest to
posttest for both sequences of the retention (R), visual–spatial (VS), and
motor (M) transfer tests in the PP and OBS practice groups. (B) Mean
performance gains (in percentages) from pretest to posttest on all tests for
Sequence A (Seq A) and Sequence B (Seq B) in the PP and OBS practice
groups. Error bars reflect the standard errors of the means. *p < .05
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Acquisition This analysis was conducted using only the data
from the PP group. Again, we separately analyzed (i) the
noninterrupted acquisition blocks during early practice, using
a Block (1–2) × Sequence (A, B) ANOVAwith repeated mea-
sures on both factors, and (ii) the following seven practice
blocks, using a Block (3–9) × Sequence (A, B) factorial de-
sign, also with repeated measures on both factors. The first
analysis failed to detect main effects of group, F(1, 13) = 3.21,
and sequence, F(1, 13) = 2.86, or a Block × Sequence inter-
action,F(1, 13) < 1. The second analysis revealed main effects
of block, F(6, 78) = 10.17, p < .001, ηp

2 = .44, and sequence,
F(1, 13) = 8.01, p = .01, ηp

2 = .38. The Block × Sequence
interaction was not significant, F(6, 78) = 1.24, p > .05. For
the block main effect, Duncan’s multiple-range test indicated
within-session performance improvements in accuracy on
both sequences from Blocks 3 to 9 (MBlock3 = 3.9 errors and
MBlock9 = 1.3; p < .001). Themain effect of sequence indicated
higher error rates on Sequence A (M = 3.1 errors) than on
Sequence B (M = 2.3) during acquisition, likely explained
by a probabilistic lower rate of erroneous keypresses during
the practice of the interrupted Sequence B.

Retention and intermanual transfers To account for im-
proved task accuracy following acquisition in the PP and
OBS practice conditions, we analyzed gains in accuracy
(i.e., from pretest to posttest) for each of the retention and
transfer tests. Error reductions or gains in accuracy were
assessed by computing the difference (in percentage) between
the mean error data on every retention and transfer test block
from pre- to posttest. Positive values indicated improved per-
formance accuracy. Note that in the absence of error produc-
tion during the pretest, no gain value was assigned to the
participant (less than 10% of missing values in both groups).
Thus, we analyzed accuracy improvements using a Group (PP,
OBS) × Test (retention, visual–spatial transfer, motor transfer)
× Sequence (A, B) ANOVA with repeated measures on the
factors Test and Sequence.

The analysis revealed a significant Group × Test ×
Sequence interaction, F(2, 30) = 3.80, p = .03, ηp

2 = .20.
The analysis failed to detect a significant main effect of group,
F(1, 15) = 1.14; test, F(2, 30) = 1.03; or sequence, F(1, 15) <
1, or a Group × Test, F(2, 30) = 2.70; Group × Sequence, F(1,
15) = 1.03; or Test × Sequence, F(2, 30) = 1.49, interaction, ps
> .05. Post-hoc comparisons indicated decreased performance
accuracy on Sequence B for the PP group during the retention
test (M = –186.7%) than on Sequence A (M = 20.6% improve-
ments; p < .01), whereas no differences were evident on the
visual–spatial (MSEqA = –47.5% and MSEqB = –15.3%; p >
.05) and motor-transfer (MSEqA = –39.6% and MSEqB = –
22.6%; p > .05) tests. In the OBS group, however, no
significant differences were found between Sequences A
and B on the retention (MSEqA = –13.72% and MSEqB =
28.3%; p > .05), visual–spatial transfer (MSEqA = –31.2%

andMSEqB = –74.4%; p > .05), and motor-transfer (MSEqA =
–1.2% and MSEqB = 23.6%; p > .05) tests. The present find-
ings indicate that, as opposed to the OBS group, for the PP
group, the interruption of Sequence B did affect the learning
and accurate expression of the interrupted motor sequence at
later recall during the postacquisition retention test.

Sequence-specific learningWe analyzed the mean error data
during posttest from the noninterrupted Sequence A and a
new, unpracticed sequence using a Group (PP, OBS) ×
Sequence (Sequence A, new sequence) factorial design with
repeated measures on the last factor. The analysis revealed a
main effect of sequence, F(1, 26) = 8.72, p < .01, ηp

2 = .25,
with higher accuracy during production of Sequence A (M =
2.8 errors) than on the new, unpracticed sequence (M = 4.4
errors; p < .01), which provides an additional indication of
sequence-specific learning in both groups. The main effect
of group, F(1, 26) = 2.46, and the Group × Sequence interac-
tion, F(1, 26) < 1, were not significant, ps < .05.

Discussion

The main purpose of this study was to assess two observational-
learning alternative hypotheses by using an original, interrupted
motor-learning task paradigm. From the AON perspective, it
is suggested that action observation and physical practice
share common action representation networks during skill
learning. According to this account, if the performance of
the physical group is hampered by motor-task interruption,
we could then expect a comparable weakening of skill perfor-
mance for observers. Conversely, if an observer can avoid
detected errors during learning, then such motor-task interrup-
tion should not hinder skill learning (Andrieux & Proteau,
2014; Badets et al., 2006). Clearly, the present results support
the second hypothesis. Findings during the posttest phase for
both speed and accuracy measures revealed that the learning
of the interrupted motor sequence was hampered only in the
physical practice group. For observers, however, no difference
was apparent between the two learned motor sequences.

To interpret this last finding, we suggest that, in contrast to
practitioners who have built an action representation from the
motor and perceptual mechanisms during the acquisition
phase, observers have built a more abstract representation of
the task from a single perceptual mechanism (Badets &
Blandin, 2010). From a theoretical point of view, such an
abstract representation developed following an action obser-
vation accords with the associative sequence-learning hypoth-
esis, which suggests that the link between sensory and motor
features is learning-dependent and likewise malleable (Cook,
Bird, Catmur, Press, & Heyes, 2014; Heyes, 2001). Indeed,
in contrast to an innate neuronal network that affords exact
sharing between observation and physical practice (e.g., the
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AON), a plastic associative mechanism permitted equal learn-
ing of both tasks through an observation condition.

Importantly, the results of the physical practice group dur-
ing the posttest revealed that the learned sequence is based
more on a perceptual than on a motor mechanism, as indexed
by better performance on both the retention and visual–spatial
transfer tests than on the motor-transfer test. Consequently, for
observers, this learning strategy from a visual–spatial code
facilitated the construction of an abstract representation of
the task, which yielded effective and equivalent learning of
both the interrupted and noninterrupted sequences. This inter-
pretation accords with Andrieux and Proteau (2014), who
suggested that observers might be able to code relevant infor-
mation from a wide performance spectrum (i.e., from an
imperfect/novice model to a near-perfect/expert model). In
the present study, observers were able to learn the two differ-
ent sequences at the same level by constantly using a safety
strategy that prevented coding of the interrupted features of
the task (as the physical practice group did). This safety strat-
egy is also apparent during the posttest performance, in which
the observers did not show any change in speed and accuracy
performance between the retention, visual–spatial, and motor
tests, in contrast to the physical practice group.

However, another interpretation could arise from the pos-
sibility that the interrupted task benefited skill learning for the
observers. Indeed, this alternative perspective is related to the
well-known BZeigarnik effect^ in the (cognitive) psychology
domain, which reveals better recall performance after learning
of a series of different actions (like drawing a vase) that have
been interrupted than for noninterrupted actions (Zeigarnik,
1927; see Seifert & Patalano, 1991, for experimental factors
that favor or do not favor this effect). Hence, the interruption
of a motor sequence in the present study might have facilitated
its acquisition through action observation by way of goal ten-
sion activation on the interrupted motor sequence (see Lewin,
1961; Mäntylä & Sgaramella, 1997, for this interpretation
regarding goal activation). This interpretation has been used
in the DMI literature with a similar effect based on motor
performance, which is called Bthe intention superiority effect^
(Badets et al., 2006). The intention superiority effect states
that the different actions for to-be-enacted behaviors are stored
in a privileged and/or heightened level of activation in mem-
ory until the intention is satisfied by an overt behavior.
Adapting this idea to the present paradigm, we would argue
that for observers who have learned the complete motor se-
quence during the first and second blocks of acquisition, the
interrupted motor sequence on the following blocks generated
an additional activation for attaining the main goal, which was
the total completion of the motor sequence. In turn, the evoked
additional activation may have allowed equivalent learning of
the noninterrupted motor sequence.

Finally, it is important to note that both of these theoretical
interpretations are suitable for observational learning but not

for physical practice learning. Indeed, our findings revealed
different motor-learning outcomes between the physical and
observational practice groups, which emphasizes that both
practice conditions rely on specific cognitive mechanisms
(Badets & Blandin, 2010; Badets et al., 2006; Hayes et al.,
2012; Shea et al., 2000). In the physical practice group, par-
ticipants learn the task from a motor condition, which pre-
cludes them from avoiding task interruption processing and
the elaboration of an optimal motor-sequence representation.
In contrast, the perceptual condition allowed observers to
adopt a safety strategy to develop and preserve efficient rep-
resentation of the interrupted motor sequence.

To conclude, we would emphasize that the present study is
the first direct demonstration that observers are able to devel-
op a safety mechanism that allows learning a motor sequence
without suffering from the deficiency of a model’s perfor-
mance. Indeed, previous studies had revealed that observers
were able to use efficient strategies from a wide spectrum of
model performances (Andrieux & Proteau, 2014), or from a
feedback schedule (Badets & Blandin, 2010), but our findings
go beyond these statements by highlighting that an interrupted
observed motor task can be learned without performance loss.
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