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Abstract

Background: Researchers have hypothesized that years of daily practice on a musical instrument may lead to increased efficiency
in practice behaviors during the learning of other fine motor skills [1]. Practice strategies in music have also been considered a
suitable model for surgical training [2] and some believe that surgical outcomes might be improved by adopting musicians’
practice strategies [3].

Objective: This study examines the practice behaviors of expert musicians attempting to learn a basic surgical skill, as a way to
detect possible transfer of practice habits across domains. This paper investigates whether musicians differ from a control group
in their selection and application of practice strategies, whether there are relationships between the choice of practice behaviors
and performance scores, whether musicians progress more rapidly through the different phases of learning and, whether
relationships exist between those who reach automaticity sooner and their choice of practice behaviors.

Methods: Participants’ practice sessions during a knot-tying task (taught via instructional video) were video-recorded and
treated according to the method of thematic analysis [4]. Two evaluators, through an iterative process, performed coding.
Statistical and descriptive analyses were conducted on practice behaviors. Information was also collected on instructional video
navigation so that the use of replay, pause, rewind or fast-forward could be investigated.

Results: Musicians and the control group participants favored different practice behaviors. This was demonstrated in their choice
of strategies, the importance they gave to each strategy, and the way they used the strategies over the two practice sessions. There
was evidence that the group of expert musicians applied better practice strategies as the choice of practice behaviors appeared to
be related to performance scores and their capacity to reach automaticity. The differences between participant groups in terms of
their performance of the task were reported in Part 1 of this study.

Conclusion: Our results suggest that music experts may be applying practice strategies developed during their music studies
toward learning a novel surgical skill. This raised the possibility that practice skills developed through years of dedicated work at
their musical instrument, might be transferable when learning a motor skill in a different domain.

Keywords: practices, practice strategies, transfer of practice habits, learning
strategies, phases of learning
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Introduction

The medical field often claims that musicians” motor skills
put them at an advantage when learning surgical skills
[3,5,6]. This can be explained by the fact that individuals
have a set of abilities that they bring with them and use
when learning a new task [7]. It suggests that musicians’
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proficiency in playing their instruments is beneficial when
learning refined motor skills in another domain. In part 1
of this study, [8] we investigated how participants with
piano expertise and participants with no formal music
training learned to tie a surgical knot. The results showed
that compared to a control group, musician participants
performed surgical knots faster and received higher scores
for quality of performance, and the difference between the
two groups was statistically significant. It appears that
musical training in piano could be of benefit in the initial
stage of learning basic surgical skills. This indicates that
some aspects of a musicians’ skillset — such as fine motor
control, bi-manual dexterity and good hand-eye
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coordination - might be transferrable to an ostensibly
disparate domain.

However, motor skills might not be the only factor at
play. Another factor that provides expert musicians an
advantage in procedural skill acquisition is the highly
efficient practice strategies that they have acquired over the
years, and expert musicians’ daily structured practice
regime could be of assistance when learning motor skills in
other domains. New learnings happen when old
knowledge is applied to a new situation [9]. This could
include not only previously acquired motor skills, but
could also include practice strategies and practice habits. In
order to adapt more readily and easily to a new task, a
learner must apply the appropriate learning approach to
the activity and the situation. Learners who have developed
good practice strategies might make better gains in
acquiring a new motor skill by recalling practice behaviors
related to the present task, by remembering efficient
procedures for similar circumstances, and by recollecting
how to best use feedback and self-regulated behavior for
evaluating and improving the new task. Practice strategies
used efficiently could be of great benefit to learners trying
to master a new motor skill.

Researchers have in fact hypothesized that years of
regular practice on a musical instrument may lead to
increased efficiency during the learning of other fine motor
skills [1] and links have even been made between
musicians’ practice expertise and medical training.
McCaskie and colleagues [2] acknowledge that the role of
deliberate practice in music learning might be a suitable
model for medical training, and various music learning
strategies may be applicable to surgeons’ training. Rui and
colleagues [3] recognize that critical parallels exist between
surgical and expert musical performance and it may be
possible to “improve surgical outcomes by adopting
musicians’ strategies”. In addition, it has been shown that
“deliberate practice” helps with the acquisition and
maintenance of expert performance in music [10] but also
clinical skills development [11].

However, despite the fact that surgical and musical
performance both require extensive training and dedicated
practice to achieve and maintain expertise [3,10,12-14], no
studies have examined how musical experts would
structure their practice session or which practice behaviors
they would use when attempting to learn to do a novel
surgical task. The aim of this study is to investigate if there
could be any evidence of transfer of practice strategies
across domains.

Motor skill learning

Motor skills are “well-adjusted muscular performances”
[15] acquired gradually with training [7]. Motor skill
learning can be understood as the difference between the
way a person performs a new task (i.e., in a slow, error-
prone, and effortful manner) and the way they perform the
task after training or practice (i.e., quickly, accurately, and
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with little effort) [16]. The practice effort aims at adopting
the appropriate sequence of movements and obtaining
consistency and stability in the execution. Repeated
practice leads to improved performance and the process is
continued until a sequence of movements becomes a well-
executed behaviour performed effortlessly [17]. Motor skill
is achieved only after a person undergoes a series of stages,
referred to as the phases, of skilled learning.

According to Fitts and Posner [18], motor learning
follows a three-phase progression where a learner advances
from an initial stage that requires attention and focus to an
advanced stage where the skills are produced with fluidity
and automaticity. The early phase, referred to as the
cognitive phase, is when the individual tries to understand
the task that needs to be done. In this early stage,
instructions and demonstrations are most important for
the development of an executive program that will make it
possible to complete the task at hand. The learner must
identify and try out different strategies, recalling “old”
motor skill habits and already known motor sequences.
The intermediate phase, referred to as the associative
phase, is when motor patterns from the previous phase are
tried out, and new patterns start to emerge as the
individual searches the appropriate strategies that will
produce adequate results. Good strategies are retained and
inefficient strategies are discarded. Errors are gradually
eliminated, more subtle adjustments are made and
movements become more consistent. The final phase,
referred to as the autonomous phase, is when the learner
can complete the task without having to rely so much on
cognitive control. Speed and efficiency continue to increase
during this phase, but at a slower rate than in previous
phases, and automatic processing is now at play, giving
fluency, fluidity and efficiency to the motor sequence. It is
important to acknowledge, however, that while the model
identifies three phases of learning, these are not distinct
stages, as skill learning is essentially a continuous process.
It is important to approach motor learning as something
that occurs through gradual shifts in the learning
progression. The characteristics of the transition from an
initial period when an individual must exert some effort to
encode a skill — through observation, instruction, and trial
and error - to an automatic processing of the task, are well-
acknowledged in the literature. Although Fitts and
Posner’s model is over 50 years old, the same basic
progressions of stages are still held by researchers
conducting studies on motor learning [19-23].

Practice behaviors

According to Bernstein [24], the process of practice
towards the acquisition of a new motor skill can be
explained by the “gradual success of a search for optimal
motor solutions to the appropriate problems” - therefore,
when properly done, practice does not consist “in
repeating the means of solution of a motor problem time
after time, but in the process of solving this problem again
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and again by techniques which we changed and perfected
from repetition to repetition” [25]. There is evidence
demonstrating that it is the quality of practice and not the
quantity of practice that predicts performance success
[26,27]. In music for example, it has been shown that
strategies employed during practice are more
determinative of performance quality than how much or
how long musicians practiced [28,29]. This points to the
importance of examining practice behaviors in order to
better understand strategies that are at play when learning
anovel task.

Not many studies have examined the various practice
behaviours displayed by individuals as they freely practice
a novel motor task. Some of the best examples of practice
behavior studies come from the music domain [30-36].
However, few studies have incorporated measures of
performance achievement [37,38]. For example, Miksza
[39] examined video observations of high school
woodwind players as they practiced a new etude and found
correlations between performance achievement and certain
practice behaviors, such as slowing down and repeating
small sections. In a similar study with collegiate brass
players [40], this time using Ericsson’s model of deliberate
practice to frame his research, he found correlations
between performance achievement and practice strategies
related to deliberate practice. Wulf and Mornell [41]
synthesized the literature on motor learning and made
recommendations for music students about the best ways
to practice. In the field of medicine, Spruit and colleagues
[22], reviewed the literature on procedural motor skills and
summarized the training and practice factors pertaining to
efficiency in acquiring surgical skills. It is interesting to
note that the practice recommendations are similar
between the music literature and the surgical papers.

Research questions

Strong parallels exist between surgical and musical
performance regarding extensive training and practice.
However, no study so far has provided evidence that
previously acquired practice skills obtained through
musical training translates into improved practice
behaviors when learning a new medical procedural skill.
The current study investigates differences between expert
musicians and a control group when acquiring a novel
surgical skill. The main research questions were formulated
as follows:

Q-1: Do expert musicians differ from non-musicians
in their manual dexterity? Hypothesis: We expected
musicians to score higher in tests that evaluate a subject’s
fine motor skills. This question is important to establish if
there were initial differences between the fine motor
dexterity skills of the musician and control groups.

Q-2: Do expert musicians differ in their selection and
application of practice strategies ? Hypothesis: We expected
to see differences in the choice of practice strategies
adopted by musicians.
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Q-3: Is there any relationship between practice
behaviors adopted by musicians and non-musicians, and
their performance scores (time to complete the task and
quality of the performance)? Hypothesis: We expected to
find positive correlations between certain types of practice
behaviours and the success at learning the task, and we
expect musicians to select the types of practice strategies
that contribute to better performance score.

Q-4: Do expert musicians progress more rapidly
through the different phases of learning? Hypothesis: We
expected to see musicians reaching the rehearsal phase and
automaticity phase sooner based on our expectation that
they would have different practice behaviours.

Q-5: Is there any relationship between the participants
who reached rehearsal and automaticity phases and their
choice of practice behaviors? Hypothesis: We expected to
find positive correlations between certain types of practice
behaviours and automaticity, and we expect musicians to
select the types of practice strategies that contribute to
automaticity.

Methods

Participants

40 university students (ages 18 to 28) were recruited to
participate in this project. Each participant filled out a
general questionnaire to collect demographic data and
their music background so that we could confirm that we
had two distinct groups: 20 advanced piano students with
strong performance skills (all had reached an expert level
with ten or more years of training, had achieved Royal
Conservatory of Music of Canada grade 8 level or above,
still practiced regularly and most were currently studying
at the university level) and 20 university students with
either minimal training (no piano training and less than 2
years of other types of musical training) or no formal
training in music'. Due to technical video recording issues,
we analysed the performance of 19 musicians (days 1 and
2) and 19 control participants (day 1) / 18 control
participants (day 2).

Preliminary tasks: Pegboards and Frostig Movement
Skills Test

Before examining practice behaviours of our participants
learning a new motor task, we sought to establish if there
were initial differences between the fine motor dexterity
skills of the musician and control groups. Two standard
pegboard tests were administered: the Perdue pegboard
[42,43,44] and the Grooved pegboard [45,46,47]. These are
two of the most extensively used test for measuring manual
dexterity, and based on the evidence available, they have
been the most extensively studied, have good validity and
reliability, and have fewer potential confounding variables

1 participant variables that may have had an effect on the
learning and performance of the tasks are discussed in part 1.
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[48]. To test coordination involving motor sequencing, an
item from the Frostig Movement Skills Test was
administered: Fist/Edge/Palm [49]. Test descriptions and
the administrative procedure can be found in Appendix A.

Main task: Surgical knot-tying

Participants learned how to perform a basic surgical knot
on a teaching board by watching a video tutorial
containing a visual demonstration accompanied by verbal
explanations. See Figure 1 for a picture from the
instructional video and a participant performing the knot.
Only one other person, a research assistant was present in
the room during the session. No augmented feedback was
provided and to make sure that the condition was the same
for all participants, no questions about the task could be
asked to the research assistant. Participants did not know
they were being observed for analysis of how they practiced
the task (they knew only that first they are given practice
time, then would perform the task again as a test which
would be evaluated). The knot task was a two-handed
square knot with flat throws. Participants had to complete
a total of 4 knots. Two sessions were held on two
consecutive days. On the first day, participants watched the
tutorial video, then were given 10 minutes to learn and
practice the task, and finally they had to perform the task as
a test. On the second day, they were tested upon arrival to
determine how much skill was retained, then they were
given a practice period of 10 minutes, and tested again.
Three features characterise the task of this study:
observational learning, emphasis on the practice sessions
and inherent feedback.

Observational learning

Demonstration followed by imitation is a commonly used
method for motor skill learning. According to Bandura
[50,51], observers can acquire a cognitive representation of
a task by witnessing a model’s performance. This cognitive
representation can be verbal and/or visual and will guide
the observers when they are practicing the task. They will
use this cognitive representation as a standard against
which detection and corrections of errors will be made.
They selectively attend to particular features of a
demonstration to create a cognitive representation, and
based on this representation, they refine their new skill
through practice and comparison to the model. Therefore,
by observing another performer, the learner is able to
gather important information regarding the appropriate
sequence of movements. Observational learning has been
shown to be a viable method for learning motor skills
[41,52]. More specifically, Landers and Landers [53] have
demonstrated that learners who are exposed to an expert
model performed better on a motor skill task than those
who were not exposed to the model. Zimmerman and
Rosenthal [54] have demonstrated that modeling
accompanied by verbal explanation displays the highest
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level of skill proficiency when compared to other
approaches.
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Figure 1. A screen capture from the instructional video (left) and

from the video recording of a participant performing the knot
(right).
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Emphasis on practice sessions

This study investigates practice behaviours; therefore, the
focus of our observation is on the 10-minute practice
periods on days 1 and 2. The task is a self-paced activity
where learners can progress at their own speed. These
practice sessions were completed in the same environment
and the task could be repeated as many times as a
participant wishes within the time frame allowed.
Participants had access to the video tutorial at all times
during practice periods, but not during testing periods.
They could replay, pause, rewind or fast-forward the video.
All practice sessions were recorded for later assessment.

Inherent feedback

During the learning process of any motor skill, feedback is
an essential element that tells the learner how well the task
was completed. According to Fitts & Posner [18], it is
possible to identify two types of feedback. The first type is
inherent or intrinsic feedback that arises naturally as the
consequence of the movement itself. It is characterised by
the sensory information that tells the learner how well the
task was completed (i.e. kinaesthetic cues from the muscles
and joints; information about location and rate of
movement) and by evidence of results (i.e. what the learner
can see) as the task is being processed. The second type is
called augmented feedback and refers to information that
supplements or "augments" the inherent feedback. It is
extrinsic to the learner and depends on external cues
coming from an external source that comments on the
quality of the performance. Inherent feedback can be
enough to master a motor sequence and complete a motor
task, but augmented feedback may be needed to refine the
motor skills or define specific parameters considered
necessary for success. Also, augmented feedback decreases
the amount of time needed to master a motor skill and
increases the performance level of the learner. In this
study, no augmented feedback was provided to participants
— throughout all of the practice sessions, participants were
relying on inherent feedback only.
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Evaluating practice strategies

To investigate participants’ practice strategies during the
knot-tying task, each practice sessions was video recorded.
Practice behaviors were identified by the same two
observers for the entire study and verified by the other
authors of this paper, followed by analyses conducted to
find out if musicians proceeded differently than members
of the control group when learning the task. Our study is
based on video analysis with coding selection generated
from the data and characteristics associated with the
phases of learning generated from existing literature. The
evaluation process is based on qualitative content analysis.

Video analysis

Over the past decades, video analysis has emerged as a
powerful tool for research, as video “offers a ‘microscope’
for an in-depth study of the on-going production” [55].
Video analysis is a common method in research examining
practice behaviors in music [39,40] and is a wvalid
alternative to on-site evaluation for assessing psychomotor
surgical skills [55].

Coding selection

Video recording were treated according to the method of
thematic analysis described by Huberman and Miles [4].
Therefore, our coding was not predefined but was
generated from the data with the aim of producing a small
list of practice strategies that explained as much of the data
as possible. Both observers watched the videos
independently and wrote descriptions of the participants’
actions as well as explanation of how the participants used
the video recording (i.e. play, pause, rewind, no video).
Both observers met to report their work and they created a
list of practice strategies that became the initial coding list.
One observer reviewed all the videos, «creating
transcriptions of the participants’ activities based on the
newly created coding list. If participants did something
outside of the coding list, the observer transcribed those
actions using descriptive language. The second observer
reviewed all transcripts while watching the videos to ensure
accuracy and consistency. This second observer; either
approved the selected strategies, modified certain strategies
or added to the strategies already identified. These practice
strategies were then subjected to an iterative process in
which they were revisited, revised and modified as
familiarity with the videos increased. Throughout the
entire process, observers met as often as needed to solve
any discrepancies.

Characteristics of the phases of learning

The literature on skill learning [7,18,21] was consulted to
select practice behaviors that would most appropriately
identify the different stages of learning. Observable
characteristics for each of the stages were discussed and
approved by both observers and by other authors of this
study. Once this framework was adopted full reviews of all
of the videos were evaluated by both of the observers. The
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same process was followed rigorously for each participant.
Observer one would first indicate in her observation notes
that a participant had “reached” or “approached” rehearsal
or automaticity. Then observer two would review the video
to confirm the time-stamp for each of observer one’s
observation and determined if the observation revealed a
rehearsal or automaticity behaviour as originally indicated
by the first observer. Both observers agreed in almost every
case, and met to resolve any discrepancies.

Qualitative content analysis

For this investigation, we decided to use a qualitative
content analysis approach based on written transcripts of
practice instead of a quantitative analysis of specific
behaviors. We could not accurately count the specific
number of times a strategy occurred and we could not
record precisely the total number of seconds spent in each
practice strategy because the boundary of when a
participant began using a strategy and then terminated
using one are not always clearly defined. Most participants
fluidly moved from one strategy to another, with sub-
strategies often occurring concurrently within the context
of a larger, primary strategy. To employ the approach of
counting the usage and duration of each strategy would
require the artificial imposition of confinements on
strategies, instead of respecting the inherent ambiguity of
their boundaries. This would distort the results.

Performance scores

The present study is part of a larger research project where
we explored whether musicians could learn a surgical knot
more effectively than non-musicians. The two test
parameters measured were time to task completion and an
OSATS (Objective Structures Assessment of Technical
Skills) score. The results were reported in part 1 of this
study [8]. Therefore, the performance scores (for the same
sample of participants) from the previous analysis will be
used in this study to examine correlation between practice
behaviors and performance achievements.

Statistical Analysis

Statistical analysis was performed using SPSS Version 25
(SPSS, Inc., Chicago, Ill.). For group comparisons of
normally distributed continuous data (verified using the
Shapiro-Wilk test), the independent-samples t-test was
used; for cases with sample sizes less than 7, we presented
mean values but did not perform the t-test. For non-
normal data, the Mann-Whitney U test was used. For
comparisons of distributions of practice strategies used we
used Fisher’s exact test. All tests were 2-sided and p < .05
were considered statistically significant.

Video navigation

Participants were allowed to use the instructional video as
they wished during both 10-minute practice sessions. Their
use of the video was documented by an online video player
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(developed specifically for this project),that recorded the
time when the play/pause button was pressed and
associated video time when that occurred. Navigation was
then plotted to show a participant’s video use (see Figure
2). These plots allowed us to observe when the video was
paused (indicated by a flat horizontal line), played
(indicated by a sloped line), or skipped ahead or back
(indicated by a vertical line).

04:00 AT i/'4
A 03:30 /
3 03:00 Tie 3
2 02:30 /7 /1117
% 02:00 Vi / Tie 2
£ 01:30
E 01:00 Tie 1
-§ 00:30 —

00:00 Setup

01 2 3 4 5 6 7 8 9 10

Elapsed Time (Minutes)

Figure 2. One participant’s video use plot.

From each plot, we extracted the number of pauses, total
pause time, total playing time and number of replays (when a
participant replays a section of the video that was already
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played). We then used the Mann-Whitney U test to compare the
musicians and control group to determine if their video use
differed in terms of these parameters.

Results

Pegboard and Hand Gestures

The pegboard and hand-gesture data were non-normal;
therefore, we used the non-parametric Mann-Whitney U test to
compare the group of musicians (MUS) and the control group
(CON); results are shown in Table 1.

There were no statistically significant differences between
the groups for any of the pegboard tests. The musicians
performed significantly better in the hand-gesture test in both
hands, and also exhibited significantly less difference between
the dominant and non-dominant hands.

Selection of Practice Strategies

Practice strategy tally

The number of different practice strategies used at least once
during the practice sessions was compared using an
independent-samples t-test. See Appendix B for the
identification and definition of the strategies and Table 2 for the
comparison of number of strategies used by musicians and
control group participants.

Table 1. Pegboard and Hand Gesture Statistical Results Comparing MUS and CON

Median
Test MUS CON U Z p
Grooved Pegboard (Score = Time, Seconds)
Insert, Dominant Hand 58.0 62.5 176.5 0.64 0.52
Insert, Non-dominant Hand 62.5 62.5 191.5 -0.23 0.82
Insert, Difference Between Hands 3.5 4.0 192.5 -0.20 0.84
Remove, Dominant Hand 23.0 22.0 193.0 -0.19 0.85
Remove, Non-dominant Hand 22.0 22.0 178.0 -0.60 0.55
Remove, Difference Between Hands 0.0 0.5 164.5 -0.97 0.33
Purdue Pegboard (Score = No. of Placements)
Dominant Hand 15.0 14.0 197.0 -0.08 0.93
Non-dominant Hand 14.0 13.5 167.5 -0.90 0.37
Difference Between Hands 0.5 1.5 168.0 -0.88 0.38
Both Hands in Unison 11.5 11.0 144.0 -1.56 0.12
Assemblies 10.0 10.0 155.0 -1.25 0.21
Hand Gesture: Fist/Edge/Palm (Score = No. of Gestures)
Dominant Hand 15.0 10.5 86.5 -3.08 0.002
Non-dominant Hand 14.0 12.5 120.5 -2.17 0.03
Difference Between Hands -0.5 -1.5 338.0 -1.97 0.05
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Table 2. Comparison of mean number of strategies used by each group.
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MUS CON
M SD M SD t daf p

Day 1 5.37 2.00 5.32 2.06 0.080 36 0.937

Day 2 5.21 1.62 4.22 1.35 2.009 35 0.052

M = mean, SD = Standard Deviation

On day 1, there was no difference between the two
groups in terms of the number of practice strategies used.
On day 2, the number of strategies used decreased for the
control group but not the musicians. As such, the number
of strategies used by the control group on day 2 is less than
that of the musicians; the difference is not significant
although the p value is very close to .05.

Breakdown of strategies used by each group
We tallied the number of participants from each group
who used each particular strategy. Figure 3 shows the
comparison of musicians and control group in terms of
percentage of participants from each group because in the
case of day 2, we did not have equal group sizes. We tested
for the significance of the association between practice
strategies used and experiment group using a Fisher’s exact
test. The strategies are shown in order of frequency of use.
There are some noticeable differences between the
groups. Significantly more musicians use ‘practice without
video’ and ‘reviewing / slow practice’ on day 2. More
musicians used ‘trial and error’ on day 2; however, the

difference between groups was not significant (p = .09). It
was also evident that more members of the control groups
used ‘video only (no practice)’, especially on day 1 (p =
.19).

We also observed some large changes from day 1 to
day 2 for some of the strategies. Almost 60% of control
group participants (11 participants) used ‘trial and error’
on day 1, but only 6% (1 participant) on day 2 (a
statistically significant change; Fisher’s exact test p = .001).
The change in use of ‘practice without video’ was not
significant, however it is worth noting that more musicians
used this strategy on day two (increase from 74% to 84%)
while fewer control participants used this strategy on day 2
(decrease from 58% to 50%). ‘Reviewing / slow practice’
was not used much on day 1 (two participants from each
group). On day 2, control participants did not use this
strategy at all, but the number of musicians who used it
increased to 5 participants (26%), although these changes
in strategy use were non-significant.

Follow Along * # ‘
Practice Without Video # ‘ : : Ox
Navigation # #
Anticipation : : : h
Video Only (No Practice) — ‘ ‘ h ‘
Practice With Video, Not Following Along * h ‘
Trial and Error * #
Segmentation / Do Then Verify — ‘h
Static Frames ' SS—— ‘—
Reviewing / Slow Practice ™= _ b
No Audio ™ 1
Does Not Use Full Practice Time ‘—
Mental Rehearsal / Miming -
Auditory Only With Practice ™
Eyes Closed F
BMUS 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Day 1 Day 2
CON Percent of Participants

Figure 3: Percentage of participants who use each particular strategy. Asterisks indicate significant difference (p < .05) between groups.
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Primary strategies

A primary strategy was identified as either the practice
strategy that a participant used for the longest time or as
the strategy that had the most distinct occurrences in the
video. These strategies were assessed after labeling all
strategies and the number of distinct occurrences of each
strategy and the total time spent using each strategy were
recorded. See Table 3 for a comparison groups in terms of
which primary strategies were used.

There was no significant difference between groups in
terms of the dominant practice strategies used; however,
some noticeable differences are still worth noting. More
musicians used “trial and error” as a primary practice
strategy on day 1. The most common strategy used by both
groups was “follow-along” on day 1 and “practice, no
video” on day 2. By day 2, approximately two thirds of the
musicians used a primary strategy that was not reliant on
the video (‘practice, no video’ or ‘practice with video, not
following along’), compared to half of the control group.
Finally, none of the musicians used “video only, no
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practice” as a dominant practice strategy. In comparison,
11% of control group participants used it as a dominant
practice strategy on day 2.

Video navigation results/ Descriptive results

For each practice sessions, we extracted the number of
pauses, total pause time, total playing time and number of
replays (when a participant replays a section of the video
that was already played). Results of a Mann-Whitney U test
comparing the groups are shown in Table 4.

Musicians paused the video more times than control group
participants on day 1. A majority of control participants
(12 of the 19) did not pause at all, compared to 3 of the 19
musicians. The difference between the groups in terms of
number of pauses was significant (p = .002). On both days,
the control participants played the video for a longer
period of time than the musicians (statistically significantly
longer on day 2; p = .015).

Table 3. Primary strategies used by each group. Values are the number of participants followed by the percentage (in parenthesis) within

each group. P-values show the results of a Fisher’s exact test.

Day1 Day 2

Dominant Practice Strategy MUS CON p MUS CON p

Follow Along 10 (53%) 12 (63%) 0.743 4 (21%) 4 (22%) 1.000
Trial and Error 7 (37%) 2 (11%) 0.124 1 (5%) 1 (6%) 1.000
Practice Without Video - 1(5%) 1.000 9 (47%) 6(33%) 0.508
Practice With Video, Not Following Along 2 (11%) 2(11%) 1.000 4 (21%) 3 (17%) 1.000
Anticipation - 2 (11%) 0.486 1 (5%) 2 (11%) 0.604
Video Only (No Practice) - - - - 2 (11%) 0.230

Table 4. Comparison of musicians’ and control group participants’ use of the instructional video in terms of the number of pauses and

replays, and playing and pause time

Median

Day Parameter MUS CON U Y4 p

Day1 No. of pauses 2.0 0.0 78.5 -3.092 0.002
No. of replays 2.5 2.0 170.5 -0.282 0.778
Playing time (min) 6.0 7.9 117.5 -1.828 0.068
Pause time (min) 4.0 2.1 288.5 -1.828 0.068

Day 2 No. of pauses 0.0 0.0 189.5 -0.352 0.725
No. of replays 1.0 1.0 179 -0.593 0.553
Playing time 4.2 6.0 110.5 -2.421 0.015
Pause time 5.8 4.0 11.5 -2.421 0.015

Practice behaviors and performance scores

Analyses were done to examine the relationships between
observed practice behaviors and performance achievement
in the post-practice session tests. Those tests were
evaluated in terms of time taken to perform the test, and an
OSATS (Objective Structures Assessment of Technical
Skills) score which is a composite of Likert scale items,
each rated on a scale from 1 to 5. In part 1 of this study [8]
we compared musicians and a control group in terms of
these performance parameters.

Relationship between number of strategies used and
performance scores

We explored the relationship between the number of
strategies used by the participants and their test
performance as indicated by test times and performance
scores. Table 5 shows these results. There was not a strong
relationship between the number of strategies used and the
test times/scores. For the control group, associations were
medium (r > .3) or very close to medium. For the
musicians, the associations were small or negligible. For
the control group, the associations were different
depending on the day; on day 1, those who used more
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strategies did better on the test and did the test in less time.

On day 2, the opposite occurred.

Table 5. Pearson correlation coefficients for test times and scores versus number of strategies used.

Comeau et. al. | From Music to Medicine, Part I

Correlation between test times and number of

strategies used

Correlation between test scores and number of
strategies used

R p r p
Day 1 MUS -0.17 0.498 0.02 0.929
CON -0.30 0.227 0.36 0.131
Day 2 MUS 0.26 0.293 -0.12 0.613
CON 0.44 0.080 -0.29 0.238

Table 6. Comparison of primary practice strategies used by the fastest participants with the slowest participants. Values indicate the
number of participants from each subgroup that use a particular practice strategy as their primary strategy.

Day Primary Practice Strategy Fastest Third

MUS CON

Slowest Third Fastest Third Slowest Third

Day 1 Follow Along 2
Practice Without Video
Anticipation
Practice ~ With  Video, Not
Following Along
Trial and Error 3

6 2 6
1
1

2

Day 2 Follow Along
Practice Without Video 4
Anticipation
Video Only (No Practice)
Practice  With  Video, Not
Following Along
Trial and Error

N
N
—_— = N

1 2
1 1

Relationship between primary practice strategies and
performance scores

We examined the relationship between the strategies
used and performance in terms of test times and scores.
The participants were grouped into thirds according to
their test time ranking and performance score ranking.
Then, in the case of test times for example, the primary
practice strategies used by the fastest third of participants
were compared with the primary strategies used by the
slowest third of participants. Each third consisted of 6
participants; for group sizes of 19 participants we
compared the top six with the bottom six, leaving the
middle group with seven participants. Tables 6 and 7 show
the primary strategies used by each of these subgroups.

“Trial and error’ was used as the primary strategy by
most of the fastest and highest scoring musician
participants on day 1. In contrast, the control participants
rarely used ‘trial and error’ as a primary strategy. In most
cases, more of the slowest and the lower scoring
participants used ‘follow along’ as a primary strategy. By
day 2, most of the faster and higher-scoring participants
(from both groups) did not appear to use the video
significantly, as the most common practice strategies were

‘practice without video’ and ‘practice with video, not
following along’.

Phases of learning

Reached rehearsal stage

We deemed that participants had reached rehearsal stage
when they were demonstrating that they could do the task
without consulting the video (video is off, or running in the
background without the participant paying attention to it),
and they had minimal mistakes and hesitations. See Table 8
and table 9 for a comparison of participants who reached
rehearsal stage versus those who did not in terms of the
number of participants and their test times and scores. The
scores are composites of OSATS (Objective Structures
Assessment of Technical Skills) Likert scale items (rated 1
to 5).

More musicians reached the rehearsal phase on both
days. For both groups, those who reached the rehearsal
phase seemed to perform the test better in terms of times
and scores. There was a statistically significant difference
found for the scores. For the test times, the difference was
significant just for the control group on day 1, however for
all other cases the same trend is evident.
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Table 7. Comparison of primary practice strategies used by the highest scoring participants with the lowest scoring. Values indicate the
number of participants from each subgroup that use a particular practice strategy as their primary strategy.

MUS CON
Day Primary Practice Strategy Best Third Worst Third Best Third Worst Third
Day 1 Follow Along 1 4 3 4
Practice Without Video 1
Anticipation 1
Practice With Video, Not Following Along 1 2
Trial and Error 5 1 1
Day 2 Follow Along 1 1 1 3
Practice Without Video 2 4 2 1
Anticipation 1 1
Video Only (No Practice) 1
Practice With Video, Not Following Along 3 1 2

Trial and Error

Time-stamp quadrant

We identified when, during each of the 10 minutes practice
sessions, each participant reached the rehearsal stage by
dividing the practice time into four equal sections or
quadrants. Each participant was then assigned as reaching
the rehearsal stage in the 1st quadrant (0-2:30 min.); 2nd
quadrant (2:31-5:00); 3rd quadrant (5:01-7:30); 4th
quadrant (7:31-10:00); or as rehearsal not reached. This
approach reduced the importance of defining a specific
time when the rehearsal stage was reached. Table 10 shows
the breakdown of participants according to when they
reached rehearsal stage.

In general, the musicians reached rehearsal phase
earlier in the practice session than control participants. On
day 1, four musicians (22%) reached rehearsal phase in the
first half of the practice session, compared with zero
control group participants. For day 2, this comparison was

15 musicians (79%) versus 9 control group participants
(50%).

Reached automaticity stage

We identified that participants had reached the
automaticity stage when they were either 1) able to do the
task very quickly and smoothly without hesitations; 2) tied
many knots in a session (more than 20); 3) were practicing
with the video off; or 4) showed signs of dual tasking, such
as talking to the research assistant without interrupting the
task, watching the video or looking elsewhere while
continuing the task uninterrupted. See Table 11 for the
percentage of participants who reached automaticity as
well as how well they performed on the test (no statistical
results are provided because of the small number of
participants who reached automaticity). More musicians
reached automaticity, and those who did also performed
the test better in terms of times and scores.

Table 8. Comparison of performance times of participants who reached rehearsal phase and those who did not. The “yes” columns refer to
those participants who made it to the rehearsal phase. Results of an independent-samples t-test are shown when sample sizes are 7 or

greater.
Percent (No. of Participants) Mean Time (s) Standard Deviation (s)

Day Group Yes No Yes No Yes No t
Day 1 MUS 58% (11) 42% (8) 66.4 90.4 29.2 43.9 1.438

CON 42% (8) 58% (11) 65.9 140.5 37.3 26.9 4.742%*
Day 2 MUS 84% (16) 16% (3) 43.9 72.7 20.0 20.3

CON 61% (11) 39% (7) 58.0 90.2 37.2 33.0 1.84
**p<.o1l

Table 9. Comparison of performance scores of participants who reached rehearsal phase and those who did not. The “yes” columns refer to
those participants who made it to the rehearsal phase. Results of an independent-samples t-test are shown when sample sizes are 7 or

greater.
Percent (No. of Participants) Mean score Standard Deviation
Day Group Yes No Yes No Yes No t
Day 1 MUS 58% (11) 42% (8) 3.65 2.88 0.58 0.45 -3.157%*
CON 42% (8) 58% (11) 3.60 2.20 0.68 0.67 -4.475**
Day 2 MUS 84% (16) 16% (3) 3.95 3.67 0.30 0.61
CON 61% (11) 39% (7) 3.65 2.77 1.04 0.63 -2.270*

*p<.05, **p<.01
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Table 10. Time quadrant in which participants reached rehearsal stage. Values are the percentage followed by the number of participants
(in parenthesis) within each group.

Day 1 Day 2
Time quadrant Musicians Controls Musicians Controls
First (0:00-2:30) 11% (2) 0% (0) 32% (6) 11% (2)
Second (2:31-5:00) 11% (2) 0% (0) 47% (9) 39% (7)
Third (5:01-7:30) 21% (4) 37% (7) 5% (1) 11% (2)
Fourth (7:31-10:00) 16% (3) 5% (1) 0% (0) 0% (0)
Didn’t reach rehearsal 42% (8) 58% (11) 16% (3) 39% (7)

Phases of learning and primary strategies used
We investigated for a relationship between whether or not

a participant

reached the

rehearsal stage or the

automaticity stage and the primary strategies used by each
participant. Table 12 shows the primary strategy used by
those who reached the rehearsal stage compared with those

who did not and Table 13 shows the primary strategy used
by those who reached the automaticity stage. Note that in
Table 13 the results are shown only for day 2 as only one
participant reached automaticity on day 1.

Table 11. Number of participants who reached automaticity stage and comparison of their performance times and scores. The “yes”
columns refers to those participants who reached automaticity.

Day

Group

Percent (No. of Participants)

Yes No

Mean Time (seconds)

Yes

Mean Score*

No Yes No

Day 1

CON

MUS

5% (1)

0% (0)

95% (18)

100% (19)

15.0

79.9 5.0 3.2

107.3 - 2.8

Day 2

CON

MUS

32% (6)

6% (1)

68% (13)

94% (17)

35.8

22.0

54.3 4.1 3.8

72.3 5.0 3.2

*composite scores of OSATS (Objective Structures Assessment of Technical Skills) Likert scale items (rated 1 to 5)

Table 12. Primary practice strategies used by the participants who made it to the rehearsal phase versus those who did not.

Group Day

Primary Practice Strategy

Reached

Stage

Did Not Reach

Rehearsal Stage

Rehearsal

MUS Day1

Follow Along
Practice With Video, Not Following Along
Trial and Error

7

1

Day 2

Follow Along

Practice Without Video

Anticipation

Practice With Video, Not Following Along
Trial and Error

1
1

A= OOWONDN W

CON Day1

Follow Along

Practice Without Video

Anticipation

Practice With Video, Not Following Along
Trial and Error

N = =N

Day 2

Follow Along

Practice Without Video

Anticipation

Video Only (No Practice)

Practice With Video, Not Following Along
Trial and Error

[oX
W
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Table 13. Primary practice strategies used by musician participants on day 2 who made it to the automaticity phase versus those who did

not.

Primary Practice Strategy Reached Automaticity Did Not Reach Automaticity
Follow Along 4

Practice Without Video 3 6

Anticipation 1

Practice With Video, Not Following Along 2 2

Trial and Error

“Trial and error’ was used as the primary strategy by more
than half of the musician participants on day one who made it
to the rehearsal phase. For both musicians and control
participants, most of those who made it to the rehearsal phase
did not use the video as a primary strategy, with most
participants either using ‘practice without video’ or ‘practice
with video, not following along’. ‘Follow along’ was used by
many of the participants who did not reach the rehearsal
phase.

Four of the thirteen participants who did not reach
automaticity continued to rely on the video as their dominant
practice strategy (using ‘follow along’). 5 of the 6 participants
who reached automaticity used either ‘practice without video’
or ‘practice with video, and not following along’, indicating
they did not rely on the video.

Discussion

This study explored the differences in practice strategies used
by musicians and a control group in learning a basic surgical
skill and whether their choice of practice strategies would
relate to performance of the task or would be more effective
reaching rehearsal or automaticity stages. There was evidence
to suggest that musicians adopted different and more efficient
practice strategies when learning to tie a surgical knot and
progressed at a faster pace through the phases of learning. The
data suggest that music experts have learned how to practice
more efficiently and support the possibility of the transfer of
these practice skills to learning a new task.

Manual dexterity (Question 1)

We expected musicians to score higher in tests that evaluate a
subject’s fine motor skills. Interestingly, there were no
differences between the groups on any of the pegboard tests.
This would indicate that the correlation observed between
practice behaviors and performance scores, as well as between
practice behaviors and learning stages, were unlikely to have
resulted from any differences in manual dexterity difference
between musicians and control participants. Expert musicians
evidently show high levels of dexterity in the music domain,
but this ability is very specific and may not be transferable to
more general fine motor skill tasks, at least the tasks required
by the pegboard tests. Therefore, based on the pegboard
assessments, practice strategies might be a major factor
affecting performance scores and learning stages.

However, we should consider the relevance of these
dexterity tests for assessment of expert musicians as they were
designed to assess the dexterity of manual workers on a
production line, such as sewing machinists and in the
manufacturing industry [44]. The ability to place pegs on a
board might not be related with the ability to play the piano or
with the skills for completing a surgical knot. Few manual
dexterity assessment tests are available and these two were
chosen because they are standard tests in research on manual
dexterity. But to measure the manual dexterity of experts
already performing high motor tasks in a specific domain, it
might be necessary to design a manual dexterity test better
adapted for complex and fine high level dexterity skills.

It should be noted that musicians performed significantly
better in the hand-gesture test in both hands, and also
exhibited significantly less difference between the dominant
and non-dominant hands. It suggested that musicians had an
advantage with motor sequences and this might have played a
role in the achievement scores of participants and might have
interacted with practice behaviors. Musicians in our study
may have a superior ability to coordinate bimanual motor
sequences involving multiple steps and this might have
influenced their practice behaviour and improved their ability
to adapt to the task.

Selection and application of practice strategies (Q-2)
Variability of practice strategy

We expected to see differences in the number of strategies
adopted by musicians compared to control group. In
experimental studies, varying the type of practice used by each
of the participants during the study enhances learning [56-58]
and helps with the transfer of motor skills, allowing people to
more easily generate novel motor responses [59]. In music, it
has been shown that participants using a greater number of
practice strategies reach the higher performance scores
[32,60]. Because the participants were all doing the same task
for the entire practice sessions on both days, we know there
was no task variability (i.e. going from one task to another), so
any changes in the number of different practice strategies was
best categorized as practice variability [61]. In our study,
musicians and members of the control group used the same
number of strategies on day 1, but on day 2, the number of
strategies used by the control group decreased, such that the
difference between groups on that day was very close to
statistically significant.
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Style of practice

When participants are struggling with part of a task, they
adopt different approaches. Some prefer to go for external
help and seek aid from the video immediately when they are
having difficulty. They tend to favour “follow along”
strategies, and may use a lot of video navigation or may watch
the video without moving their hands or doing any segment of
the task. Others are more self-reliant and tend to use “trial and
error” several times until they solve their difficulty. They may
go for long periods of time without consulting the video, and
may not navigate the video very much. They are likely to use
self-discovery or problem-solving strategies more often,
attempting to reconstruct the task from memory instead of
following along. Research has established that participants
learning under problem-solving conditions are more
successful at a new task and they require fewer trials and less
time [9]. More musicians showed less dependency on the
video model in our study. The comparison of video use
showed that the musicians’ video-playing time was less than
that of the control group. By day 2, they tended to favour
“practice, no video” or “practice, with video, not following-
along”, as opposed to “follow along” as a primary practice
strategy. Finally, significantly more musicians used ‘practice
without video’ (p = .038) and ‘reviewing/slow practice (p =
.046) on day 2.

Deliberate practice strategies

People learn best when they engage in deliberate practice. This
means that they are rehearsing the parts that are difficult
instead of doing what they already know [62]. For example, in
an observational study of practice behaviors of high-school
wind instrument players, deliberate selection of critical points
of practice, and repetition of sub-sections of music were
correlated with greater performance achievement [39].
Similarly, other studies have demonstrated that musicians
learning a new piece and who locate and correct sources of
errors [28] used more repetition behaviors [32], more
segmentation [60], focused on trouble spots and played slowly
[63] and received higher performance scores.

We observed that musicians tend to use strategies that
could be associated with deliberate practice more frequently
than the control group. These strategies include: ‘navigation’,
‘trial and error’, ‘segmentation / do then verify’ and
‘reviewing / slow practice’. One of these strategies, ‘trial and
error’ was also used as a primary strategy by more than a third
of the musicians on day 1, and was associated with faster and
better test performances on day 1. In contrast, ‘follow along’;
the lower-performing participants in both groups used a
strategy not closely associated with deliberate practice
approach, more frequently.

Practice behaviors and performance score (Q-3)
We expected to find positive correlations between the number
of practice behaviors and the success at learning the task, and
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we expected musicians to select the types of practice strategies
that contribute to better performance score. For the
musicians, we did not find any association between the
number of strategies used and the test performances in terms
of time or score. For the control group, there was a moderate
correlation; however, the association was reversed on day 2
(the use of a larger number of strategies was associated with a
lower score and higher times). These correlations were not
significant. We expected to find that those who used more
strategies would perform better. It is possible that we do not
see this because of the short practice time and the small
amount of time it took some participants to reach a high level
of proficiency at this task. Those who mastered the task may
have realized they were successful at it, and thus did not need
to experiment with other potential strategies to achieve
proficiency. At that time they would likely be in rehearsal
phase, simply repeating the task without having to consult the
video or try other approaches to improve their ability.

Progressions through the different phases of learning (Q-4)
We expected to see musicians reaching the rehearsal phase
and automaticity phase sooner based on our expectation that
they would have different practice behaviors. Research
demonstrates that the speed of movement of a task is an
indicator of automaticity [64,65]. People who have learned the
task better will move faster. We saw that more musicians than
control participants achieved automaticity, and those who did
performed the test in less time than those who did not. The
same was true in reaching the rehearsal phase: more musicians
reached rehearsal phase, they reached it earlier in the practice
session, and they completed the test in less time than those
who did not. In part 1 of this study [8], musicians’ test scores
showed that they completed the task faster and that was not
result in any loss of accuracy [18], but rather an indication
that they had mastered the task, since those who did the task
at a faster rate also had better quality performance scores.

Automaticity and choice of practice behaviors (Q-5)

We expected to find positive correlations between certain
types of practice and automaticity, and we expect musicians to
select the types of practice strategies that contribute to
automaticity. When investigating the relationship between
practice behaviors and performance times and scores, we
noted a positive relationship between performance
achievement and ‘trial and error’ as a primary strategy (in the
musician group), and a negative relationship between
performance achievement and ‘follow along’ as a primary
strategy (in both groups). On day 2, those who perform better
were less reliant on the video, using ‘practice without video’,
or ‘practice with video, not following along’. Since all
participants had the exact same tasks and amount of time of
practice, our results show that the strategies employed during
practice were most likely determinative of their performance
achievement. In other words, the best-performing participants
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essentially learned the task differently by adopting different
practice strategies than others who did not do so well with the
task.

Limitations

Our study observed differences in the practice behaviors of
musicians and non-musicians, and musicians selected and
applied what appeared to be more efficient practice strategies.
However, we must consider the possibility that what we
observed was not only caused by the fact that musicians were
using better practice strategies and therefore obtained better
performance scores, but also by the possibility that musicians
brought better motor skills to the task. As a result, they
progressed faster through the learning stages, which affected
their use of practice behaviors.

Our study looked at skill acquisition only and not at long-
term retention. It is possible that the type of practicing
strategies that contribute to higher acquisition achievement
might not have the same effect on retention. For examples,
studies have shown that blocked practice contributes to
superior performance during acquisition, but to inferior
performance (when compared with random practice, for
example) for long-term retention [66]. Further studies would
be needed to better understand the effects that musicians’
practice expertise on long-term retention of newly acquired
motor skills.

It would have been preferred that the coding of the
practice strategies was a blind process; however, since the two
observers recognized some of the participants as musicians or
non-musicians, they were told which group all participants
belonged to for consistency purposes.

Finally, we felt that descriptive analyses were the most
effective approach for this investigation, supported with
statistical analysis. However, due to small sample sizes it was
not possible to perform statistical analysis in some cases.

Conclusion

This study examined the practice behaviors of expert
musicians and control participants learning a new motor skill
— a surgical knot-tying task. This research has led to the
identification of practice strategies associated with better
motor skill acquisition. The relationships found between
observed practice behaviors and performance achievement
scores have important implications for: (1) determining which
practice approaches and specific practice behaviors are the
most effective for increasing motor skill performance
achievement, and (2) identifying which specific practice
behaviors are the best predictors of performance achievement.
Improving our understanding of why “some individuals may
attain highly fast and accurate performance, while others

4. Huberman AM, Miles
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never progress beyond a novice level” [21] is crucial if we
want to be able to optimize conditions of training, heighten
the choice of practice strategies used, and promote automatic
levels of processing. Our findings identified some important
aspects of practice that differentiate more- and less-abled
learners, and featured that musicians demonstrate a higher
usage of beneficial strategies. More research examining
relationships between specific practice strategies and
performance achievement is necessary before
recommendations for practical application can be made.

In medicine, extensive empirical studies have been
conducted on the efficiency of learning techniques in the
domain of knowledge acquisition [67]. However, these
training recommendations cannot be generalized to skill
learning. Comparable understanding of the best techniques
for the acquisition of complex medical motor skills would be
desirable. More research is needed before valuable conclusions
about the efficiency of skill acquisition can lead to specific
recommendations for medical motor skill training.
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Appendix A: Test descriptions and administrative procedures for pegboard and hand-gesture tests

Perdue pegboard

Description: A neuropsychological test of manual
dexterity and bimanual coordination. The board consists
of two parallel rows of 25 holes each. Pins (pegs) are
located in cups situated at the top of the board on the right
and left side. Collars and washers occupy the two middle
cups.

Procedure: In the first three subtests, the subject places as
many pins as possible in the holes, first with the preferred
hand, then with the non-preferred hand, and finally with
both hands within a 30-second time period. In the fourth
subtest, the subject uses both hands alternately to
construct “assemblies”, which consist of a pin, a washer, a
collar, and another washer. The subject just completes as
many assemblies as possible within one minute.
Demonstration and practice are provided prior to each
subtest. Data was collected on a single-trial
administration.

Grooved pegboard

Description: This manipulative dexterity test consists of a
board with 25 holes with randomly positioned slots. Pegs
with a key along one side must be rotated to match the
hole before they can be inserted. All the pegs are the same,
that is, with a round side and a square projection, and so
do the holes in the boards. This test measures
performance speed in a fine motor task for the dominant
and non-dominant hand. It requires more complex visual-
motor coordination than most pegboard tests.

Procedure: Participants are instructed to place all pegs into
the 25 holes, picking up one peg at a time, and using just
one hand. The key of the peg must be matched with the
shape of the hole in the board so that the pegs can go into
the holes. Participants must fill the top row completely,
from left to right, then fill each row the same way.

Fist/Edge/Palm

Description: This measure of unilateral coordination
involves motor sequencing that consists of successively
placing the hand on the table in three different positions:
(a) a fist; (b) extended fingers with edge of hand resting on
the table; and (c) palm resting flat on table.

Procedure: The examiner demonstrates and allows the
subject a trial to ensure comprehension of the task.
Correction is provided as necessary, but without using the
verbal cues "fist," "edge," or "palm." The subject is then
asked to perform the task, repeating the sequence as fast as
he/she can until told to stop. Twenty seconds is allowed
for each hand.
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Appendix B
Description of practice strategies

1. Follow along- Participants follow the video closely, step-by-step, attempting to do the task at the same time as the model
demonstration on the video. Follow along can be done from beginning to end, when the video continues playing without
being paused or rewind, or it can be use temporarily for specific sub-segments of the task.

2. Trial and error- Participants attempt to do a step without consulting the video directly (may be off, or be playing in the
background, but the video is not being consulted at that time). Participants try a sub-segment several times, two or more
different ways, or they do a sub-segment, get it wrong, undo that step, and then try again.

3. Navigation- Participants use the mouse to restart the video at an earlier or later part. They may subsequently watch part
of the video, or consult a static image.

4. Video only, no practice: Participants spend time watching and listening to the video without moving their hands or
doing any segment of the task. They may either be holding the materials motionless during this time, or may have no
contact at all with the material.

5. Practice, no video- Participants are practicing and the video is turned off.

6. Practice, with video, not following-along- Participants are practicing and the video is playing, but the sub-segments they
are doing do not match the sub-segments that the video is playing. They may be ignoring the video, (it is playing in the
background), or may be doing steps at their own pace but occasionally turn their attention to the video that has remained
playing without attempting to catch up to or match the video.

7. Anticipation: Participants are following along with the video, but they attempt to do the sub-segments before they are
demonstrated by the video. This can be done from beginning to end of the task, or can be done temporarily for a particular
sub-segment.

8. Segmentation/repetition: Participant undo and repeats a specific sub-segment to practice it multiple times before going
on to the next step.

9. Static images: Participants pause the video and use a still frame as reference, or they pause the video and navigate
through multiple still panes.

10. No audio: Participants plays the video, but turns off the audio so they only see the movements but do not hear the
instructions.

11. Auditory only with practice: Participants practice looking at their hands and listening to the audio while using other
strategies (such as follow along), but rarely looks up at the screen.

12. Mental rehearsal/miming: Participants “acts out” one or more sub-segments with body movements (i.e. moving their
hands in the air), but do not actually do anything with the materials. This may happen while watching the video or not.

13. Reviewing/slow practice: Participants appear to deliberately slow down toward the end of the practice session after
demonstrating that they can do the task very fast with minimal mistakes earlier on.

14. Eyes closed: Participants do the task with their eyes closed.

15. Not using full practice time: it was noted when participants did not use their full practice time and chose to stand
around or look at objects in the room instead of practice, however, this was not included in the final practice strategy tally.
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