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WHAT WE IMAGINE LEARNING FROM WATCHING OTHERS

Abstract

Although motor learning can occur from observing others perform a motor skill (action
observation; AO), observers’ confidence in their own ability to perform the skill can be falsely
increased compared to their actual ability. This illusion of motor competence (i.e., ‘over-
confidence’) may arise because the learner does not gain access to sensory feedback about their
own performance — a source of information that can help individuals understand their veridical
motor capabilities. Unlike AO, motor imagery (MI; the mental rehearsal of a motor skill) is thought
to be linked to an understanding of movement consequences and kinaesthetic information. MI may
thus provide the learner with movement-related diagnostic information, leading to greater accuracy
in assessing ability. The present study was designed to evaluate the effects of MI when paired with
AO in assessments of one’s own motor capabilities in an online observation task. Two groups rated
their confidence in performing a juggling task following repeated observations of the action
without MI (OBS group; n=45) or with Ml following observation (OBS+MI; n=39). As predicted,
confidence increased with repeated observation for both groups, yet increased to a greater extent
in the OBS relative to the OBS+MI group. The addition of MI appeared to reduce confidence that
resulted from repeated AO alone. Data support the hypothesis that AO and M1 are separable and
that M1 allows better access to sensory information than AO. However, further research is required
to assess changes in confidence that result from MI alone and motor execution.

Keywords: observational learning, motor imagery, motor competence, motor simulation, self-
efficacy
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WHAT WE IMAGINE LEARNING FROM WATCHING OTHERS

Action observation (AO) has been defined as a covert form of movement execution that
evokes externally-guided motor simulation (Vogt et al., 2013). AO can facilitate motor learning,
through repeated observations and activation of cognitive, perceptual, and motor-related
processes to varying degrees (Ramsey et al., 2021; Hodges et al., 2007; Hodges, 2017). Although
learners may acquire or enhance motor skills through observation, evidence indicates that AO
confers inflated judgements of ability, leading to an overestimation of motor competence (i.e., an
‘over-confidence’ or inflated perception of ability; Jordan et al., 2022; Kardas & O’Brien, 2018;
Hodges & Coppola, 2015). For example, repeated observation of a two-ball juggling action led
to general increases in confidence across trials, which were higher than those seen in individuals
who were allowed to physically practice on some trials (Hodges & Coppola, 2015). Kardas and
O’Brien (2018) also showed inflated confidence when videos of complex actions were shown
multiple times as opposed to a single time. They suggested that this over-confidence emerges
because observers take (motor) information gained at face value, yet lack an understanding of
how their personal performance of the action looks and feels. The mechanism underlying this
discrepancy between competence perceptions and actual ability is not well understood. However,
this over-confidence may be related to a lack of actual motor experience and associated sensory
feedback with the action, leading to poor diagnostic capabilities and an overestimation of
learning (Kardas & O’Brien, 2018).

Motor imagery (Ml), the mental rehearsal of movement thought to involve both visual
and kinesthetic internal perceptions, represents a second form of covert movement execution.
AO and M1 were originally thought to rely on similar processes of motor simulation (termed
‘functional equivalence’) without the final overt action (Jeannerod, 1995, 2001; Holmes &

Calmels, 2008). As such, processes involved in the preparation and execution of actions were
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WHAT WE IMAGINE LEARNING FROM WATCHING OTHERS

also proposed to occur in observed and imagined actions. This equivalence between motor
execution, MI, and AO has been indexed through behavioural and neurophysiological measures
such as reaction time, eye movements, EEG, and fMRI (see Grosprétre et al., 2016; Hardwick et
al., 2018). However, there is some debate about the relative overlap and conversely,
distinctiveness of the processes of AO and MI. One idea is that MI provides better access to
sensory effects associated with motor execution than AO alone (Vogt et al., 2013).

In a growing body of work, a separation between the two covert processes of AO and Ml
has been demonstrated. Ml is thought to rely more on executive functions than AO (Glover &
Baran, 2017), as well as better access sensory information relating to kinaesthetic experiences
(e.g., Kim et al., 2017; Sakamoto et al., 2009; Vogt et al., 2013). While abilities have still been
‘overestimated’ in MI (Dahm & Rieger, 2019), this additional sensory information from MI may
lead to a better match than AO between actual and perceived ability. In other words, MI may
lead to a deflation of over-confidence that results from repeated AO alone. Thus, rather than
considering motor execution, AO, and M1 as equivalent, it is suggested that these action states
might exist along a continuum (Vogt et al., 2013). Because Ml is thought to give better access to
kinesthetic experiences associated with execution, it is thought to lie closer to motor execution
than AO. In addition, it has been suggested that Ml involves feedforward predictive mechanisms
that allow for sensory consequences of a movement to be predicted (Dahm & Rieger, 2019;
Ingram et al., 2019; Kilteni et al., 2018). Although feedforward mechanisms are thought to be
involved in AO too (e.g., Wolpert et al., 2011; Wong et al., 2013), the evidence for this
suggestion is less clear, especially in a learning context (e.g., Ong & Hodges, 2010). If MI has
access to the sensory consequences of the actions, M1 may thus allow for diagnostic information

about one’s own capability, beyond that provided by AO. This additional information in Ml
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WHAT WE IMAGINE LEARNING FROM WATCHING OTHERS

would permit greater accuracy in judgements of ability relative to AO and, as such, reduce over-
confidence when paired with AO.

One complication to the rationale that is provided thus far is that some researchers have
argued that Ml is an inherent component of AO, especially when there is an intention to actively
engage with the stimuli, such as for learning or for ability judgements (Bruton et al., 2020; Eaves
et al., 2016). As such, when observing a movement, it may well be that at least some amount of
M1 is spontaneous (Vogt et al., 2013; Eaves et al., 2022). Although it is difficult to know directly
whether MI co-occurs with AO, this assumption can be tested by comparing performance after
AO alone or after AO paired with MI. By comparing the similarities and differences in the
outcomes of AO-only conditions to situations where AO is paired with MI, assumptions can be
tested about the contribution of spontaneous M1 during AO, as well as unique effects supporting
their independence (Bruton et al., 2020; Tsukazaki et al., 2012; Wright et al., 2014, 2018).

The current study was designed to probe the effects of Ml in action observation and to
test whether M1 might serve to moderate over-confidence that has been shown to result from
repeated AO alone. The study was conducted as a conceptual replication of previous work using
a single-session observation design to evaluate confidence in skill ability after repeated AO
(Hodges & Coppola, 2015; Kardas & O’Brien, 2018, see Exp 6). Expanding on this past work
and addressing our main research aim, we assessed confidence in a person’s perception of their
ability to perform a juggling action when MI was also engaged after AO. In previous work on
ability perceptions, videos of the action were always shown in what has been referred to as the
third-person or extrinsic perspective (typically a mirrored view). In the current study, we showed
videos of a juggling task from both this third-person perspective as well as in the first-person or

intrinsic perspective (typically filmed from above and behind as though the observer were
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WHAT WE IMAGINE LEARNING FROM WATCHING OTHERS

actually performing the task). We included this additional first-person video condition in light of
evidence that motor cortical excitability is enhanced when watching actions from the first-
(rather than the third-) person perspective (e.g., Alaerts et al., 2009). Individuals might be better
able to engage their motor systems when watching from the same perspective as when actually
performing the task versus a mirrored view. It is unknown if viewing actions from the first-
person perspective might also encourage spontaneous M1 (Vogt et al., 2013). If true, confidence
would not be reduced in the AO+MI condition compared to AO alone when viewed from a first-
person perspective.

Consistent with previous work examining over-confidence that results from repeated AO
(Hodges & Coppola, 2015; Kardas & O’Brien, 2018), confidence was expected to gradually
increase as a function of repeated observations in both groups (i.e., AO-only and AO+Ml).
However, confidence was expected to increase to a greater extent in the AO group than in the
group additionally performing Ml (i.e., an interaction between Group and Trial). If Ml and AO
engender different processes, with MI providing better access to sensory information (Vogt et al.,
2013), then MI may lead to more realistic perceptions of ability and lower confidence relative to
an AO-only group. The study was conducted online during the COVID-19 pandemic and, as a
result, in-person juggling ability was not assessed. At the end of the study, participants were
asked to attempt the task using house-hold objects and to self-report ratings of their actual ability
to allow comparisons with perceived ability. We hypothesized that individuals in the AO+MI
group would report more realistic perceptions of ability than individuals in the AO-only group.
METHOD

Participants
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WHAT WE IMAGINE LEARNING FROM WATCHING OTHERS

A total of 115 participants with normal or corrected-to-normal vision and no upper limb
disabilities which would prevent them from juggling or key-pressing, were initially recruited.
Participants were excluded if they self-reported engaging in regular juggling practice.
Participants were pseudorandomized into one of two groups!: OBS+MI or OBS (observation
followed by MI or just observation, respectively) and underwent a single online session. Thirty
participants were excluded for failing to complete the study (i.e., did not complete the
questionnaires and/or did not complete the juggling task), with an additional one participant
excluded for identifying as an expert juggler at the close of the experiment. Thus, a total of 84
participants were included in final analyses; with n=45 in the OBS group (M age = 25.7 yr, SD =
8.2, 35 females, 42 right-handed) and n=39 in the OBS+MI group (M age = 26.5 yr, SD = 10.3,
28 females, 35 right-handed). Sample size was determined by a power analysis conducted using
open-source software (G*Power 3.1), using effect sizes from prior work, while accounting for
attrition rates and compliance associated with online studies. We initially selected a moderate
effect size of #p2 = 0.09 (alpha = 0.05, power = 0.95), based on previous work examining
confidence ratings after AO (Hodges & Coppola, 2015; Kardas & O’Brien, 2018) and
conservatively adjusted to #p? = 0.07 to account for sample sizes reported in this prior work (N =
36 and 150 respectively). This analysis yielded a sample size of N=72, which was further
increased to account for expected attrition. All participants provided informed consent in
accordance with the Declaration of Helsinki. The University’s Research Ethics’ Board approved
the study.

Before beginning the task, all participants completed the Movement Imagery
Questionnaire, version 3 (MIQ3) to characterize M1 ability (Williams et al., 2012). The MIQ3 is

a self-report instrument, intended to assess three forms of MI: internal visual (i.e., “when you
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WHAT WE IMAGINE LEARNING FROM WATCHING OTHERS

watch yourself performing the movement from an inside point of view or first-person
perspective”; Williams et al., 2012), external visual (i.e., “when you watch yourself performing
the movement from an outside point of view or third-person perspective”; Williams et al., 2012),
and kinaesthetic (i.e., “the feelings and sensations experienced if you were actually producing the
movement”; Williams et al., 2012). MIQ3 scores were calculated for each subscale (i.e., form of
MI) for each participant. Given the nature of these data (scale-based), density plots conducted for
each subscale were used to characterize imagery ability of each group.

Task and Measures

Skill Confidence. Participants watched videos of another person performing a two-ball juggling
action (3 sec) and then were asked (forced-choice; yes or no) whether they thought they could
perform the action. They then rated their confidence in their ability to perform the action on a
visual sliding scale from 0-100% (Hodges & Coppola, 2015).

Assessment of Juggling Ability. Individuals were asked to physically attempt the juggling task
three times (using socks rolled into balls, or similar round objects). After each of the three
attempts, they reported their ability on a scale of 0-100%. As a manipulation check to confirm
compliance, participants were asked to list the objects used to complete the attempts, which
included socks, paper rolled up into balls, sport-related balls, and round fruit. Seventy-six
participants (of the 84 included in final analyses) reported their items used to complete the
attempts. This measure was administered at the close of the study only, rather than before, to
mitigate any influence of prior physical practice on confidence ratings.

Procedures

The timeline of experimental procedures is outlined in Figure 1. Participants accessed the study

via Qualtrics, a secure online survey tool (qualtrics.com), where they first provided demographic
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WHAT WE IMAGINE LEARNING FROM WATCHING OTHERS

information and completed the MIQ3. After completing this phase, participants were redirected

to the Gorilla Experiment Builder (www.gorilla.sc) to enter the online experiment environment.

In Gorilla, participants were shown videos (3 sec clips) of the two-ball juggling action
and completed confidence ratings after each viewing. Videos were played according to two
conditions: actions performed in the first-person or third-person perspective. All participants
completed 20 consecutive trials for each video condition (40 total trials). The order of video
conditions was counterbalanced across participants. After each video clip, participants in the
OBS+MI group were asked to perform kinaesthetic MI (imagine themselves perform the action
from the first-person perspective, focusing on the sensation of the movement) of the just-
observed action. Kinaesthetic Ml, in particular when performed from the first-person
perspective, has been shown to better engage the motor system as assessed through TMS-
induced MEPs than visual imagery (Stinear et al., 2006). Participants made a keypress to indicate
when they started and stopped their imagined performance, as a manipulation check to capture
duration of their MI. After their imagined performance, confidence ratings were provided. For
participants in the OBS group, after watching each video clip they were asked to make a
keypress of 1-3 sec to help control for the activity and duration of trials across groups. The
keypress times were randomized across trials, matching our expected range of imagery durations
based upon the duration of the video. The OBS group then made the same confidence ratings. At
the close of the experiment, participants physically attempted the action to provide a measure of

actual juggling ability.
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Imagery ability Confidence rating i
(MIQ3) task » Physical attempts

Imagery Control break

Ability assessment —
Fixation Cross (1000 ms) Video (1%t or 3" person) Manipulation rating scale

Do you think you can Please rate confidence in

complete the action? your ability on a scale of 0
+ * . Spacebar Hold » ‘ | ] » t0100.

0 100

1%t person perspective

3 person perspective

Figure 1. Timeline of the experiment and overview of the confidence rating task.

Data analysis

All statistical analyses were performed using open-source software (R Programming
Environment), with an a priori alpha of p < .05 denoting statistical significance. Before
performing parametric tests, data were tested for assumptions (via Shapiro-Wilks and Bartlett
tests). Cohen’s d effect sizes were calculated and reported to quantify effects (or lack thereof)
throughout, calculated using pooled SD.

Skill confidence. To control for task engagement and as a manipulation check during Ml, any

trial that exceeded +/-3SD of the participant’s mean imagery duration, for the OBS+MI group, or

keypress duration for the OBS group, was excluded from analyses. The mean proportion of
participants who reported ‘yes’ forced-choice responses were tabulated across participants for

each video perspective and group.

10
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The primary outcome measure was perceived confidence, reported on a scale of 0-100%.
A linear mixed effects (LME) model conducted using the LME4 package (Bates et al., 2015) was
used to assess changes related to confidence rating as a function of Group (between variable;
OBS or OBS+MI), and repeated measures variables including Video Perspective (first- or third-
person) and Trial (1-20). The LME model accounted for both random and fixed effects, which
permitted us to evaluate changes across all trials for all participants, within and between groups
(with trial 1 as the reference value). LME contrasts to traditional ANOVASs in that ANOVAS
have limited sensitivity to within-subject effects, since they are constrained to have only a single
mean intercept, rather than multiple intercepts, to represent each participant in the study (see
Baayen et al., 2008; Magezi, 2015; and Nimon, 2012). Group, Trial, and the interaction between
Group and Trial were entered as fixed effects to address our primary hypothesis related to the
moderating effect of MI on AO. Video Perspective was also entered as a fixed effect, with
Participant and Video Perspective entered as nested random effects, to test any moderation of
confidence related to perspective.

The LME model we selected was based on a model comparison approach via Chi-square
tests to determine whether or not the reduction in the residual sum of squares between different
models was statistically significant. A model including a three-way interaction for Group, Video
Perspective, and Trial did not significantly improve on our base model, which included only a
two-way interaction for Group and Trial. Additional models created with fixed effects for Age
and Sex did not improve the base model and so were not included in the final LME model.
Results from these model comparisons are reported in Supplementary Materials. To characterize

the extent to which confidence was inflated across trials (i.e., accompanying the tested

11
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interaction), effect sizes were computed within each group calculated using pooled SDs between
trials 1 and 2, and trial 1 and 20.

To directly test simple trial related effects, separate linear regression analyses were
conducted within each group. Specifically, data were collapsed across Video Perspective and
analyses were conducted with Trial as the predictor variable and mean confidence as the
dependent variable. Differences between groups were assessed using a t-test conducted on the
Fisher’s z-transformed correlation coefficients.

Juggling ability. To test if exit ability differed between groups and to determine if and by how
much confidence was inflated relative to self-reported ability, mean self-report ratings for the
three physical attempts at the close of the study (‘exit ability’) were calculated for each
participant. These ratings were compared to individual mean confidence ratings across the last
three trials of the confidence task in a two-way ANOVA with Group (OBS vs. OBS+MI;
between variable) and Rating Type (after observation or physical attempts; repeated measures
variable). To quantify the extent to which confidence was inflated within each group (i.e.,
alongside the tested interaction), effect sizes were calculated using pooled SDs.

RESULTS

Descriptive data pertaining to frequencies and means for self-reported exit-ability and
MIQ3 are shown in Table 1. Scores on each M1Q3 subscale overlapped across groups with
positive skewness in all data towards the high end of the imagery scale (density plots illustrating
these data are included in Supplementary Materials).

Assessments of confidence and ability across repeated observations
Based upon our trial exclusion criteria (i.e., manipulation check), 17 total trials were

removed across all 84 participants included in final analyses (0.04% of data removed from the

12
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OBS group and 0.06% of data removed from the OBS+MI group). The mean duration of Ml in
the OBS+MI group was 3.6 sec (SD = 2.6) and the mean duration of the keypress in the OBS
group was 1.3 sec (SD =0.9).

Figure 2 shows group-level data from the confidence rating task for the first- and third-
person perspective videos. Confidence ratings gradually increased across trials and the increase
was generally less for the OBS+MI versus OBS group. These descriptive observations were
largely confirmed through statistical analysis (see Table 2). There was a significant effect of trial
(with effect sizes ranging from diriai 1-2 = .03 t0 dtria1 120 = .24), with confidence of each
consecutive trial statistically different from the first trial and generally increasing across the task.
Although there was no effect of Group (OBS = 73.8+28.1; OBS+MI =72.4426.9; d = .04), there
were significant interactions between Group and Trial, when comparing the differences between
groups at trial 1 compared to differences between the groups at all other trials. With the
exception of trial 1, the OBS+MI group had lower confidence across trials, relative to the OBS
group. Quantifying the extent to which confidence increased across trials within each group,
effect sizes ranged from diriai 1-2 = .06 t0 diriar 1-20 = .29 in the OBS group and from diriar 12 = .001
to dirial 1-20 = .18 in the OBS+MI group. The effect of video perspective was not significant (d =
02).

There was a positive association between trial and confidence for both groups OBS =
68.80 + 0.47*trial; OBS+MI = 68.50 + 0.37*trial. Although the slope of the regression line
shallower in the OBS+MI group relative to the OBS group (see Figure 3), there was no statistical
difference between the two groups based on the z-transformed correlation coefficients, t(68.9)

<1,d=.10.

13
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First Person Video Third Person Video

901

801

group

OBS
B OBS+MI

701

Confidence Rating (0-100%)

0 5 10 15 20 0 5 10 15 20
Trial Number

Figure 2. Group-level confidence ratings across trial for videos played from each (first- and
third-person) perspective. Error bars represent standard error. The regression line for each group
is overlaid, with the shading representing standard error. Linear mixed effects modelling
revealed that confidence increased across Trial, yet to a greater extent in the OBS vs. OBS+MI|
group. No effects of Video Perspective were observed.

14



WHAT WE IMAGINE LEARNING FROM WATCHING OTHERS

OBS I OBS+MI
80 0
< ,
: L ]
S A | |
505 | Wi
5 b e Wt
T or | 125 group
@ % 2 4 OBS
S o ¥ + OBS+MI
© \
£ | A5 \ |
S l ¢
O |
S |
V)
=
65
0 5 10 15 20 0 5 10 15 20

307 Trial Number

308  Figure 3. Group-level associations between trial and mean confidence rating. Data were
309 collapsed across video perspective, with error bars depicting standard error and shaded areas
310  showing standard area of the regression line.

311

312 The mean proportion of participants who reported ‘yes’ to the question of whether they
313  could perform the juggling task (i.e., forced-choice) was .91 (OBS group) and .89 (OBS+MI

314  group) for third-person perspective videos and .87 (OBS group) and .90 (OBS+MI group) for
315  first-person perspective videos. Please refer to Supplementary Materials for a figure showing
316  forced-choice data across trials for participants within each group.

317  Exit juggling ability ratings

318  Mean self-report exit juggling ability for each group is presented in Table 1 and the relationships
319  between exit confidence and exit ability for individual participants are illustrated in Figure 4.
320  The red line represents a perfect association between ability and confidence. The regression lines
321  for both groups (in addition to most of the individual data points) fall below the red-dashed line,

322  suggesting that confidence was inflated relative to actual ability. A two-way ANOVA did not
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yield a main effect of group, F(1,82) <1 (d <.01), only a main effect of rating type (exit
confidence, or exit ability), F(1,82) = 58.60, p <.001, d = .74. Overall exit confidence ratings
after observation were inflated relative to exit ability ratings after physical attempts. There was
no interaction between Group and Rating Type, F(1,82) <1 (differences between confidence and

exit ability within each group resulted in effect sizes of d = .51 for the OBS group and d = .43 for

the OBS+MI group).
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Figure 4. The relationship between exit confidence (averaged across the last three trials) and exit
rating (averaged across the three physical attempts) of juggling across all participants, with
higher numbers indicative of greater confidence and greater exit ability. The red line represents a
perfect association between ability and confidence.
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The present study was designed to evaluate confidence in skill ability after repeated AO
or AO followed by MI of a juggling action. The aim was to determine whether M1 moderates the
previously demonstrated over-confidence associated with AO alone. Consistent with previous
work, confidence increased across repeated AO of the skill. There were no main effects of group,
yet there was some evidence, based on the Group X Trial interactions, that confidence ratings
were tempered across trials following AO paired with MI. Perceptions of ability for individuals
in the OBS+MI versus the OBS group were also better matched to exit ability, based on
comparisons of effect sizes, yet the groups did not differ statistically. Both the AO and AO+MI
group showed evidence of over-confidence when exit ability ratings were compared to
confidence perceptions following observation. The results of this study provide some evidence
that M1 allows for diagnostic information about capability beyond that of AO, potentially
affording better access to actual ability.

There is a growing body of work suggesting that AO and M1 are separate action states
(Bruton et al., 2020; Tsukazaki et al., 2012; Wright et al., 2014, 2018; Vogt et al., 2013). The
data from our study partially concur with this suggestion. Participants were seemingly able to
merge a simulated sensory experience engendered through MI with their perceptions gained
through AO, impacting their assessment of ability. While both AO and M| are covert forms of
action, AO is generally more passive compared to Ml, potentially resulting in a more abstract
representation than MI, one not so tied to the sensory experiences associated with doing (Vogt et
al., 2013). Differences in ratings of confidence across trials between groups, though small,
suggest that action simulation is not a “spontaneous” part of AO, or at least not always a
spontaneous part of AO (Vogt et al., 2013). It is also possible that spontaneous Ml that occurs

during AO may be weaker relative to ‘pure’ MI.
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There is increasing evidence supporting the idea that Ml leads to an internal simulation of
sensory consequences through a purported forward model of the simulated action (Dahm &
Rieger, 2019; Ingram et al., 2019; Kilteni et al., 2018). Dahm and Rieger (2019) showed that in a
dart throwing task performed via motor execution or Ml, there were no differences in predicted
outcomes after each throw between these conditions. Given that predictions made of the final
position of the dart were congruent between the MI condition and a physical performance
condition (with visual feedback of their performance occluded), the authors concluded that an
internal simulation of sensory consequences was occurring during MI. There were, however,
fewer predicted errors during MI than in execution, indicating that abilities were still
overestimated (Dahm & Rieger, 2019). If MI allows for relatively accurate predictions of
movement success, diagnostic information about capability is thus available to the user.

An interesting potential consequence of MI associated with the idea that MI allows the
individual to better access accurate information about the sensory outcomes of the action, is that
they should also be more likely to accurately imagine a failure. This imagination of failure would
not be expected in AO, not least because individuals were watching a successful model (cf.,
Lirgg & Feltz, 1991). The finding that individuals were able to predict errors during Ml of a dart-
throwing task (Dahm & Rieger, 2019) suggests that M1 provides a good indication of one’s own
capabilities, with non-perfect execution. Taken with our current findings, over-confidence as a
result of repeated observation might be expected as a result of both AO and M, but should be
mitigated with the addition of MI. Our data did support these expectations, although not as
strongly as might be expected based on past literature. In future work, it will be important to
include a physical practice condition to allow comparisons of Ml to actual execution to

determine whether Ml still results in overconfidence in ability, as suggested by our exit-rating
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data and prior work (Dahm & Rieger, 2019). Such a control condition will also allow us to infer,
based on differences in confidence ratings, where MI and AO fall on the action continuum
relative to action execution (see Vogt et al., 2013).

Research on the development of movement representations following observational
practice also supports the idea that AO leads to relatively abstract mental representations of
actions in the absence of physical practice (e.g., Kim et al., 2010, 2017). AO provided
information related to the organizational and perceptual aspects of the movement and was shown
to be easier to use in initial practice stages as compared to MI (Kim et al., 2017). Visual
information provided externally during AO may thus be held in memory as the user gains an
understanding of and ultimately learns movement organization and perceptual aspects, yet may
bypass any requirement for/reliance on kinesthetic sensory information to facilitate learning
(Frank et al., 2016).

It is interesting to consider these data regarding over-confidence following AO and their
attenuation with Ml in the context of other work where perceptions of fluency have increased
following video observation. Both Kardas and O’Brien (2018) and Jordan et al. (2022), have
demonstrated over-confidence as a result of short periods of observation from skills as diverse as
performing a magic trick, hitting a bulls-eye in darts, or even landing a plane. Jordan et al.
suggest that watching a video increases confidence because it helps individuals create more
detailed imaginations (in line with ideas about errors in source monitoring; e.g., Lindsay, 2014).
Here, we show that this proposed mechanism is either incorrect or needs further qualification. It
is not so much that people are better able to imagine when watching a video, but that their
imaginations lead to over-confidence because these tertiary imaginations fail to access

simulation type processes alerting to actual capabilities. Explicit instructions to engage in Ml
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appears to help give more veridical perceptions of ability than those spontaneously engaged
without additional prompts to imagine how the movement would feel to actually perform.

These data raise important considerations for future research. Understanding how such
effects translate to skill acquisition (or can be leveraged for skill acquisition) remain unknown,
especially when considering how demonstrations are used to bring about learning. We chose the
two-ball juggling action based on previous work showing how confidence increased with
repeated observations of this task, but was moderated by actual physical practice (Hodges &
Coppola, 2015). Using an attainable task permitted an assessment of actual ability, such that we
were able to relate confidence ratings (which were high ~70%), with self-reported juggling
ability at the end of the study (which was lower at ~50%). A more difficult or unattainable task,
such as flying a plane (Jordan et al., 2022), may have resulted in greater attenuation of
confidence as a result of combining M1 with OBS, compared to OBS alone. As tasks become
more difficult or novel, imagining how an action feels may become even more challenging,
potentially leading to less confidence in ability from simply watching.

We did not include groups that performed repeated motor execution (as in Hodges &
Coppola, 2015), nor ‘pure’ MI (i.e., without AQO), and as such, we are precluded from making
inferences made about the extent to which one’s ability is overestimated in MI. However, based
on differences between exit ability and confidence ratings following OBS+MI in our study and
past work showing that ability was overestimated in M1 only conditions (Dahm & Rieger, 2019),
it is reasonable to suspect that MI, like AO also results in overconfidence. One methodological
issue to consider for future work is to control for potential confidence inflation merely as a result
of repeated asking. Although there is no reason to predict why the repeated asking for confidence

perceptions would be different in an AO+MI group vs. AO only group (as shown here), to more
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veridically assess how observation or MI changes confidence, control of or manipulations to the
frequency of asking this question will be needed. While our OBS group was asked to perform a
keypress task to help control for the duration of trials there is also the possibility that mere
differences in the duration of the interval between the OBS and OBS+MI group in our study
contributed to confidence deflation for this latter group. Although it is difficult to speculate as to
why time alone would modulate confidence perceptions, there is a need for better control of
timing in future work.

It is also important to consider these data in terms of learning outcomes and whether
improved learning, measured in a delayed retention test, would be expected when AO and Ml are
combined as has been shown in prior work (for reviews see Eaves et al., 2016, 2022). There is
quite compelling evidence that combining MI with AO provides additive effects relative to either
modality performed on its own (Eaves et al., 2016; Marshall et al., 2020 Scott et al., 2018;
Wright et al., 2014; Vogt et al., 2013), although longer-term learning effects have rarely been
assessed. In the current design, it may be that we see dissociations between measures of
confidence and actual ability assessed at a later retention date, if the addition of MI provides a
richer experience for learning, allowing the observer to better acquire and perform the action at a
later date, whilst moderating confidence in the short-term.

There was no benefit (or cost) for manipulating the perspective in which videos were
displayed and the first-person video perspective did not impact differently on the effects of
AO+MI versus AO as predicted. This absence of a difference suggests that spontaneous Ml did
not occur in AO, even when the perspective was one which would presumably encourage Ml
(i.e., first-person, see Riach et al., 2018). There is evidence that increased involvement of the

motor system is seen when videos are shown from the first-person versus third-person

21



451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

WHAT WE IMAGINE LEARNING FROM WATCHING OTHERS

perspective (Alaerts et al., 2009), which may also be mediated by spontaneous MI. However, no
evidence supporting this conclusion was seen here, despite the fact that the Ml instructions
encouraged participants to imagine performing the action themselves (from a first-person
perspective), focusing on the feeling of the movement and the timing/ interactions with the
juggling balls. However, a measure was not included to assess the extent to which participants
were spontaneously performing MI during the AO condition, such that any conclusions about the
absence of spontaneous MI during AQO is tentative.

Video perspective in our design was included as a repeated measures factor where the
order was counterbalanced. As such, any effects of perspective may have been washed out when
combined over the first and second half of practice and our study was underpowered to compare
only groups who had different video perspectives in the first half (or second half) of practice. An
exploratory analysis with video-order as a between factor was, however, conducted (added to
Supplementary Materials). A similar pattern of results emerged in terms of Group X Trial
interactions, but there was also an effect of video-order. Confidence was lower when first person
perspective videos were shown first rather than second. This order effect may suggest, congruent
with our predictions, that watching actions from the first-person perspective dilutes inflations of
confidence associated with repeated observation, as long as not preceded by an external, third-
person view. A first-person view may encourage the spontaneous occurrence of MI or promote
more veridical perceptions of ability. In future work it will be important to isolate perspective in
an appropriately powered between design.

Conclusion
The current study adds to a growing body of literature showing that repeated observation

of successful actions of others appears to result in inflated perceptions of ability, or ‘over-
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confidence’. We also show for the first time that encouraging motor imagery after observing
novel actions appears to temper this over-confidence which results from repeated observations,
but does not eliminate it. Together with previous literature exploring skill acquisition stimulated
by MI and AO, we conclude that M1 allows access to sensory effects associated with action
execution more than AO alone. MI can provide the learner with improved diagnostic information
about capability, supporting the idea that AO and M1 are separable states. Although more
research is required to quantify the contribution of spontaneous M1 during AO and obtain
objective measures of performance in the short and long term, this work serves to inform on the
nature of these covert forms of practice and why perceptions of ability are not well matched to

reality.
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485  Table 1.
486  Group characteristics, including MIQ3 subscale scores and skill ability ratings.
487

OBS OBS+MI
Mean score (SD) Mean score (SD)
Internal visual imagery (/7) 5.5(1.2) 5.2 (1.0)
External visual imagery (/7) 5.7 (1.1) 5.7(1.2)
Kinaesthetic imagery (/7) 55 (1.1) 5.2 (1.2)
Exit juggling ability (0-100%) 49.9 (32.3) 52.2 (30.8)
488
489
490
491
492
493
494
495
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Table 2: Linear mixed effects model statistics for confidence ratings data comparing across Group
(OBS+MI vs OBS), Trial, the interaction of Group and Trial, and the main effect of Video Perspective
(comparing Third-person to First-person video perspective).

Response (%0)

Predictors Estimates Cl p
(Intercept) 66.08 58.22 — 73.95 <.001
Group [OBS+MI] 3.43 -7.84-14.71 551
Trial [2] —[20] combined 3.30to0 11.65 all =/<.001
Video Perspective [Third-Person Video] -0.69 -4.01 - 2.64 .685
Group [OBS+MI] * Trial -3.63 -6.57 — -0.69 .016
[2]

Group [OBS+MI] * Trial -2.99 -5.92 - -0.06 .046
[3]

Group [OBS+MI] * Trial -5.96 to -3.59 all =<.017
[4] - [20]

Random Effects

o? 45.31

T00 Video Perspective:participant 118.65

T00 participant 608.17

ICC .94

N Video Perspective 2

N participant 84

Observations 3344

Marginal R? / Conditional R? .010/0.94
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Note that text in square brackets indicates the comparison group or conditions to the reference
group (OBS or First-Person) or reference condition (Trial 1). Summaries are included (i.e.,
ranges of values) for trial-related effects that are showing the same general outcomes.
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DATA ACCESSIBILITY

Data are registered and available on the Open Science Framework: osf.io/gh2n7,
DOI: 10.17605/0SF.I0O/GH2N7.
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Footnotes

IAO+Ml is a term frequently used to describe the simultaneous performance of M1 and AO
(e.gs., Bruton et al., 2020; Eaves et al., 2016). Because in our study Ml is completed

independently from AO, we opted to hame our Groups OBS+MI and OBS to distinguish it from

this alternative method.
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