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Surgical education

Verbal feedback from an expert is more effective than self-accessed
feedback about motion efficiency in learning new surgical skills

Mark C. Porte, B.Sc.a, George Xeroulis, M.D.b, Richard K. Reznick, M.D., F.R.C.P.S.C.a,
Adam Dubrowski, Ph.D.a,*

aDepartment of Surgery, University of Toronto, Toronto, Ontario, Canada
bDepartment of Surgery, University of Western Ontario, London, Ontario, Canada

Manuscript received November 16, 2005; revised manuscript March 15, 2006

Abstract

Background: Teaching of technical surgical skills to undergraduate medical students in a laboratory
setting away from the patient is not common practice. Because of the large volume of students and shortage
of available teaching faculty new methods of teaching must be developed for this group of trainees. In this
study we examined the effectiveness of computer-based video training, different types of computer-based
motion efficiency feedback (with and without expert criteria), and expert feedback on learning of a basic
technical skill in medical students.
Methods: Forty-five junior medical students were randomized into 3 groups and learned suturing and
knot-tying skills. Group A received computer-generated feedback about the economy of their movements.
Group B received the same motion economy feedback, as well as expert reference values. Group C
received verbal feedback from an expert. All groups were pre-tested, allowed 18 practice trials, and
post-tested, and their skill retention was retested after 1 month. Performance was assessed by expert
analysis using an objective structured analysis of technical skill and by computer analysis (Imperial
College Surgical Assessment Device [ICSAD]).
Results: All groups showed improvement from pre-test to post-test. However, only group C showed
retention of skill on delayed performance testing.
Conclusions: Verbal feedback from an expert instructor led to lasting improvements in technical skills
performance. Providing information about motion efficiency did not lead to similar improvements. © 2007
Excerpta Medica Inc. All rights reserved.
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hile the acquisition of technical skill is only one part of
urgical learning, it is of paramount importance to surgical
rainees and their teachers as it is said to serve as the basis
or the successful completion of properly planned surgery
1]. Because of the ethical concerns surrounding practice on
atients, the proven effectiveness of bench top models
2–4], and the increased availability of affordable reusable
aterials, the initial stages of teaching technical surgical

kills in the laboratory setting are emerging as an excellent
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djunct to operating room instruction. Surgical skill acqui-
ition in the laboratory provides a number of benefits to the
earner, such as a low stress environment, the ability to
ractice and repeat procedures without consequence, and
he opportunity for self-directed learning.

The objective assessment of technical skill acquisition is
ritical in providing feedback to trainees, in targeting defi-
iencies that can be remediated, and ultimately in attesting
o a trainee’s competence in a particular procedure. Motion
nalysis systems, such as the Imperial College Surgical
ssessment Device (ICSAD), are receiving increasing at-

ention for the evaluation of technical surgical skills. These
ystems are designed to track hand motion in 3 planes by
onitoring magnetic markers attached to the dorsum of

urgeon’s hands and provide digital feedback with respect

o the dexterity of the user. The ICSAD has repeatedly been

ed.
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hown to be construct valid, inferred by the procedure’s
bility to differentiate between varying levels of experience,
n both open surgical and laproscopic tasks [5,6]. Further-

ore, the ICSAD also has been shown to be a valid measure
f surgical dexterity [7,8]. In addition, Aggarwal et al [9,10]
ave speculated that motion efficiency indexes derived from
he ICSAD can potentially serve as a valuable source of
eedback to the novice trainee. These systems are being
mployed in such fashion predominantly in virtual reality
rainers, where they often serve as the sole feedback trainees
eceive concerning their performance.

As the teaching of fundamental technical surgical skills
n the operating room is increasingly supplemented by train-
ng in the surgical skills laboratory, it is critical to develop
ffective methods of instruction and feedback. Feedback is
n essential aspect of becoming an expert at a practiced skill
11]. This is certainly true in surgical skills where the
elivery of external feedback has always been thought to be
rucial to technical skill development of a novice surgeon.

ith clinician’s time at a premium, alternate methods of
nstruction, feedback, and independent learning such as
omputer-assisted learning could prove to be an effective
djunct to the traditional apprenticeship model [12–14].
ummers et al [14] have demonstrated the effectiveness of
omputer-assisted learning in basic surgical technical skills.
owever, to date the effectiveness of motion analysis sys-

ems, such as the ICSAD, as a feedback adjunct to comput-
r-assisted learning has not been evaluated. There are the-
retical reasons arguing for and against the potential utility
f motion analysis as feedback in early learning. First, it has
een argued that in the very early stages of training opti-
ization of efficiency of motion is the primary goal of the

earner [15]. In contrast, because computer-based evaluation
oes not address the cognitive aspects of skills performance,
t is possible that it will not serve as an informative source
f feedback. Hence, it is possible that feedback regarding
conomy of motion will serve as a sufficient source of
nformation for the acquisition of proper technical perfor-
ance.
Setting goals has long been accepted as a motivation

echnique to achieve superior performance. According to
ne educational theory, goals serve to guide learning, mon-
tor and regulate one’s efforts, and as a basis for evaluating
ne’s performance [16]. Medical education has also adopted
his practice. Curriculum objectives are identified and ex-
licitly stated to students prior to courses with the assump-
ion that this will guide student learning. While this tech-
ique may be effective for the acquisition of knowledge,
ittle evidence exists on the effect of goals in the acquisition
f technical surgical skill. Common practice would suggest
hat stating objectives would have a positive effect on per-
ormance; however, in a recent study by Gonzalez et al [17],
sing attending physician’s technical performance as bench-
arks, setting goals had no effect on the outcome of tech-

ical skills acquisition.
In this study, we compared the impact of two types of

otion efficiency feedback (with and without expert crite-
ion) with verbal feedback given by an expert on the acqui-
ition of a simple surgical task. It was hypothesized that
conomy of motion feedback with expert criterion would

ead to better learning than without expert criterion. It was u
lso hypothesized that the verbal expert feedback was most
ritical to early skill acquisition.

ethods
articipants

Forty-five first-year undergraduate medical students with
o prior knot-tying or instrument-tying experience were
ecruited from a single educational institution to participate
n this study. All participants read and signed informed
onsent approved by the local ethics board.

tudy design
All participants enrolled in the actual study observed an

nstructional video directing them in the steps of interrupted
uturing and instrument knot tying. Participants were pre-
ested in the suturing and knot-tying skill and then random-
zed into 1 of 3 study groups. The participants in both
roups were matched for age (mean 24.5 years; participants
n their first and second year of medical school were equally
epresented in all 3 groups).
roup A (motion analysis feedback: no criterion): Partici-
ants in this group were informed of the number of
ovements they made while performing the skill, as

etermined by the ICSAD, following each practice trial.
hey were provided with no additional instruction with

egards to the procedure of the suturing task, nor were
hey able to review the instructional video. This type of
eedback was selected based on an informal pilot survey
elivered prior to the initiation of the study to 10 medical
tudents. This survey aimed to determine which of the 5
ossible motion efficiency measures derived from the
CSAD is most easily understood. The survey revealed
hat for 4 of the 10 students, the number of movements
as the most understood variable, followed by total time,

nd spatial path, which were viewed as most easily un-
erstood by 2 students each, and finally average velocity
er movement and time per movement, which were
iewed as the most easily understood by 1 student each.
ased on this informal survey, the number of movements
as used as a primary source of computer-generated

eedback.
roup B (motion analysis feedback: criterion): Participants

n this group were informed of the number of movements
hey made after every trial, as determined by the ICSAD.
tandard references in the form of the number of move-
ents taken for an expert surgeon to complete the same task
ere also provided. No further instruction was given in

egards to the mechanics of the suturing task, nor were
articipants in this group allowed to review the instructional
ideo.
roup C (expert feedback): An expert instructor answered
uestions and provided performance feedback following
ach practice trial. Feedback consisted of constructive ways
o improve performance and followed closely the script
sed in development of the instructional video. Demonstra-
ions by the instructor were permitted.

Each participant then completed 18 practice trials fol-
owed by an immediate post-practice test. A retention test
onsisting of 5 simple interrupted sutures and knot tying

sing the same bench model employed during the practice
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rials was administered 1 month later. Participants were
nstructed not to practice the skills between the initial trials
nd the delayed post-test.

pparatus
Participants sutured using 3-0 silk sutures (Sofsilk, Tyco,

ansfield, MA) on an artificial bench model resembling
eal tissue (The University of Toronto Surgical Skills Cen-
re, Mt. Sinai Hospital, Toronto, Ontario, Canada). The
CSAD was used for the collection of hand motion effi-
iency data, which was then used as a source of feedback
nformation. This evaluation method relies on quantifying
and motion characteristics using a commercially available
agnetic tracking system (IsotrackII, Polhemus, Colches-

er, VT) to track the position of magnetic markers placed on
he dorsal aspect of each of the participants’ hands.
nalysis: Two separate technical performance assessment
ethods were applied: expert-based and computer-based.
xpert-based assessment: Each pre-, post-, and retention

est was videotaped. A previously validated evaluation
ethod using a global rating form was used for expert-

ased evaluation [18–20]. A modified Global Rating Scale
GRS) was used to evaluate subjects in 5 main areas: respect
or tissue; time and motion; instrument handling; flow of
peration; and overall performance. Each section is graded
n a 5-point scale with 1 being the minimum score and 5 the
aximum score for a total maximum score of 25 [20].
oints 1, 3, and 5 on the Likert scale are anchored with
xplicit behavioral descriptors. Two independent, blinded,
nd experienced general surgeons conducted evaluations
sing the recorded videotapes. The evaluators were able to
ast-forward though the tapes, a procedure which, while
hortening evaluation time, has been shown to be as effec-
ive as viewing the entire skill at its natural pace [21].
greement between the evaluators was assessed by calcu-

ating an intra-class correlations. Normality of the modified
RS was assessed with the Shapiro-Wilk test, which

howed that modified GRS scores were normally distrib-
ted. An analysis of variance (ANOVA) model with 3
roups (no ctiterion, criterion, terminal feedback) and 3
ests (pre-test, post-test, and retention-test) was used to
ssess the effects on the modified GRS scores.
omputer-based assessment: The positions of the markers
ere tracked at a 20 samples per second frequency (Hz),

nd the data were integrated over time in order to calculate
he instantaneous velocity of each marker. Based on the
esulting velocity profiles, 4 measures were obtained: num-
er of movements, time per movement, total distance, and
verage speed of each movement. Although all 4 parameters
an be used to describe hand motions associated with lapa-
oscopic performance [22], only the number of movements
nd the time per movement have been used to describe
erformance related to open procedures [23].

Normality was assessed with the Shapiro-Wilk test,
hich showed that the data were not normally distributed

P � .05). Thus, Kruskal-Wallis tests was used to evaluate
he group differences during pre-, post-, and retention tests, and
he changes in performance during the 3 tests within each
roup. The Mann-Whitney U test with Bonferroni adjust-
ents was used post-hoc to evaluate for significant group
ifferences. r
ICSAD-generated performance curves were analyzed us-
ng regression curve fitting. A variety of functions for the
ersistent changes of motor learning have been reported,
ncluding exponential, S-shaped, hyperbolic, and power
aw. The currently received position is that the power law is
he universal law of learning for motor and cognitive tasks
24–26]. The inverse power function (R2 � .9) accounted
or maximum variance of performance and was thus used
or our estimations of slope and asymptotic values of best fit
nd data analysis. Slope and asymptotic values were ana-
yzed using a one-way ANOVA, with a priori contrasts, to
ssess for group differences.

esults
The inter-rater reliability of the modified GRS, as eval-

ated by intra-class correlation coefficient, was 0.90, indi-
ating that evaluators were able to distinguish reliably be-
ween inferior and superior performances.

xpert-based assessment
The results of the expert assessment can be seen in Fig. 1.

NOVA revealed an interaction between group and test
actors (F � 7.83, P � .001) where all 3 groups were
dentical in the pre-test (P � .67) and they all showed
ignificantly improved performance on the immediate post-
est (group A: P � .001; group B: P � .001; group C: P �
001). However, groups A and B, who received computer-
ased feedback motion efficiency data without and with
xpert criterion, showed no significant improvement be-
ween pre-test scores and delayed post-test scores (group A:

� .10; group B: P � .91) In contrast, group C (expert
eedback) showed sustained improvement of scores be-
ween pre-test and delayed post-test (P � .001).

omputer-based assessment
The results of the computer based assessment are shown

n Fig. 2. All 3 group performed at the same level during the
re-test, post-test, and retention-tests: �2 � 1.84, P � .40;
2 � 1.37, P � .50; �2 � 2.70, P � .27. However, exam-

ig. 1. Average modified GRS scores evaluated at pre-test, post-test and

etention test.
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nation of the changes in performance during the 3 tests
ithin each group revealed that the groups differed signif-

cantly in the retention of the acquired skill. Groups A and
, who received motion efficiency feedback without and
ith expert criterion, showed significant differences be-

ween the 3 tests: �2 � 20.00, P � .05; �2 � 19.10, P � .05.
ost hoc analyses revealed that initial improvements made

n group A and group B from pre-test to post-test (Z �
4.43, P � .05; Z � �4.36, P � .05) were not carried to

he retention test (Z � �2.05, P � .32; Z � �1.0, P � .37).
onsequently pre-test and retention test results were similar

or both groups: Z � �1.91, P � .74; Z � �2.69, P � .54.
articipants in group C, who received expert feedback,
emonstrated similar initial improvements from pre-test to
ost-test (�2 � 32.37, P � .05; Z � �4.84, P � .05);
owever, these improvements were retained on the retention
est (Z � �4.06, P � .05). Consequently, pre-test and
etention test results were different: Z � �3.29, P � .05.

The results of group performance curves are shown in
ig. 3. The slope of the learning curves reflect the efficiency
ith which groups improved dexterity performance while

he asymptotes/plateau of the learning curves reflected the
aximal performance attained by the groups. All groups

isplayed improvement in number of movements. Exami-
ation of the slopes and asymptotes of the groups’ hand
ovements and did not reveal statistically significant dif-

erences.

omments
The last decade has seen advances in adjunctive methods

f technical instruction. These methods have proliferated
xponentially in the last few years with the improvement of
irtual reality technologies. The perceived value of skills
aboratory training has also escalated. It is often advocated
hat machine-based learning (virtual reality) and machine-
ssisted learning (hand motion analysis) offers the benefit of
he provision of objective metrics of performance to the
earner [10,27]. This ability to provide instantaneous feed-

ig. 2. Number of hand movements during performance of suturing and
not-tying skill at pre-test, post-test, and retention test. A smaller number
ndicates better performance.
ack to the entry level trainee about their current proficiency i
evel, without extensive expert contributions, seems very
ttractive and cost-effective. However, before the imple-
entation of this technology to the current curricula, these

ducational tools must be validated and their effectiveness
ocumented.

eedback and learning: theoretical perspective
There is a theoretical bases for providing computer-

enerated, external feedback as a means to augment the
earning process. When acquiring new psychomotor skills,
earners can use 2 forms of feedback to evaluate their
erformance: internal and augmented feedback [28,29]. In-
ernal feedback, generated from proprioceptive and visual
ources, provides information about the movement itself;
ugmented feedback, generated externally, provides infor-
ation about the degree of success in meeting a movement

oal and about various components involved in the comple-
ion of a movement. The appropriateness of augmented
eedback is predicated on accurate measurement techniques
hat can be used to assess performance and the subsequent
tructuring of feedback based on these methods. Thus, in
rder to maximize learning, augmented feedback should
erve as a valuable and informative source of information.
ased on this information, the learner should be able iden-

ify the discrepancy between their own perceived internal
eedback and the augmented feedback, and consequently
lose the gap to learn the motor skill.

urrent findings
In this study we attempted to bridge the gap between

sing motion analysis as an evaluation tool and using mo-
ion analysis as an education tool. The effectiveness of
otion analysis for the purpose of technical skills evaluation of

ovice trainees has been proven [30]. To date, the effectiveness
f this method as a source of augmented performance feedback
as been speculated upon [9,10,27] but not tested systemati-
ally. Therefore, we designed the current study to test the
ypothesis that information about motion efficiency derived
rom the ICSAD, the most commonly used form of computer-
ssisted analysis of technical performance, constitutes a useful
orm of augmented performance feedback.

ig. 3. Learning curves based on the average number of hand movements
uring the learning of a suturing and knot tying skill. Trials 1 and 20
shaded) were used as pre-test and post-test, respectively, and the remain-

ng 18 trials (trials 2 to 19) are referred to as the acquisition trials.
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We have demonstrated that information about motion
fficiency in the form of number of movements made during
he learning of an instrument knot-tying skill, with or with-
ut expert derived criterion, was not as valuable to the
earning process as expert feedback. We suggest that there
re 2 possible explanations for these results. First, we spec-
late that the terminal expert feedback was more easily
nderstood by the trainees, and therefore they learned the
ost as they were able to optimally encode the performed

kill because they received consistent, constructive, and
nterpretive augmented feedback. On the contrary, although
s suggested by our pre-experimental survey, the informa-
ion about the number of movements provided could have
een understood by the participants, perhaps they could not
asily translate this information into a useful feedback with
espect to how accurately the skill was performed. The
econd, more plausible, explanation for the observed pattern
f results is that the information provided by the ICSAD,
ven if understood by the trainees, provides feedback about
nly 1 dimension of performance and thus is not suitable for
ptimal learning. In contrast, expert surgeons can provide a
ich array of information about the performance that the com-
uter-based methods cannot. For example, performance-re-
ated information such as spacing of the sutures, depth of skin
enetration, amount of skin eversion, placement of the knot
n the wound (to the side), and lengths of the free ends of
he sutures are not addressed by computer-generated feed-
ack. All of these factors increase the cognitive understand-
ng of the skill, and are believed to result in better perfor-
ance, leading to a superior outcome [31]. Therefore, it can

e speculated that computer-generated augmented feedback
bout the efficiency of hand motions can provide valuable
nformation about performance, but this information is only

portion of what constitutes good suturing and knot-tying
echniques. Consequently, although both hypothesis are not
utually exclusive, our findings suggest that the informa-

ion about movement economy provided by the ICSAD
onstitutes an insufficient source of augmented feedback.

otion analyses feedback and learner-centered education
How do these findings fit with our current understanding

f the learner-centered approach to teaching technical as-
ects of surgical skills to novices? In recent years, we have
itnessed tremendous growth in the adoption of computer-

ssisted learning in training curricula [32]. This includes the
se of computer based video instructions [14,32], as well as
irtual reality systems [33–35]. These attempts have been
ainly propelled by the perceived need to objectify and

entralize learning of technical aspects of surgery outside of
he operating room. Providing a mode of consistent feed-
ack, which is sufficiently accessible to the user and does
ot require the presence of an expert, is essential to the
earner-centered approach.

For example, virtual reality simulators, capable of pro-
iding post-trial and on-line information about the perfor-
ance of a skill, may prove to be excellent teaching tools

hat promote learner-centered learning. However, a recent
tudy by Gonzalez et al [17] suggested that structured feed-
ack does not facilitate the learning process for certain

aparoscopic skills. In their study, 1 group of trainees was s
iven specific goals and augmented feedback about their
erformance, while a second group did not receive similar
oals or feedback. In a test of laproscopic skill using target
anipulation and diathermy as well as target transversal

asks on the minimally invasive surgical trainer–virtual re-
lity trainer, 37.5 % and 62.5% of the feedback group was
ble to achieve attending level of performance, compared to
5% and 50% of the control group. The results were not
ignificantly different between groups. Similarly, in our
tudy, it is possible that the augmented feedback was not
ell understood, or alternatively it did not contain any

dditional information about the performance than the train-
es’ internally generated feedback [36].

Can augmented motion efficiency feedback be a valuable
sset to surgical education in general? While it is clear that
xpert feedback cannot be replaced by this technology, perhaps
here would be merit in combining self-evaluation with instruc-
ional videos. It has been shown that by reviewing instructional
ideos throughout practice trials students have been able to
rain themselves to a level of accuracy and dexterity equal to
hat of students who received expert terminal feedback for
asic surgical skills [14]. This learning method requires accu-
ate self-evaluation to close gap between learner and expert
kill performance. While it has been shown that, in general,
edical and surgical trainees are relatively poor self-evaluators

37–39], recent evidence in simulation-based surgical skill
raining has shown that estimates of performance and accuracy
f error estimation improves with repetition [40]. Perhaps the
vailability of pre-recorded expert demonstrations and motion
fficiency feedback, along with appropriate instruction in self-
valuation will prove to be a more complete and effective
ducational method. However, this is clearly an issue that must
e explored further.

otion analysis evaluation and novice trainees
Motion analysis systems have repeatedly been shown to

e a reliable measure of dexterity [7,8] and differentiate
etween levels of expertise [5,6]. In the present study, the
CSAD did not detect differences between the experimental
roups at post-testing and retention testing as compared to
odified GRS scores (Figs. 1 and 2). Most likely, the

CSAD and modified GRS assess different constructs of the
ame skill. The fact that expert reviewers were able to detect
ifferences in performances between the group trained by
n expert and the 2 groups trained with the use of motion
fficiency feedback implies that training mode affected su-
uring performance. For example, skills such as positioning
f the needle on the driver, eversion of the skin, pronantion
nd supination of the wrist, spacing of the sutures, and
verall confidence and appearance may have influenced the
xpert judgment without impacting the efficiency of mo-
ions, as these constructs are not directly evaluated by the
CSAD. This implies that although all participants, regard-
ess of the mode of training, learned how to economize their
otions, those trained by experts acquired other aspects of

he skill. Therefore, the importance of these results is that
otion analysis scores alone may not be sufficient to assess

ovices. Thus, quality assessment should still be the em-
hasis at the initial stages of training, while motion effi-
iency may play a more important role in more advanced

tages of training.
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imitations and future research directions
Although we have demonstrated that the presence of an

xpert and subsequent expert feedback throughout the entire
earning phase led to better acquisition and retention of
kills, it is possible that similar results might have been
btained with feedback during the initial 5 to 10 trials
orresponding to the sharp changes in the learning/perfor-
ance curves. Following the initial learning phase, the

xpert interaction could be replaced with computer-gener-
ted feedback. That is, once learners have learned to per-
orm the skill safely and accurately, it is possible that
omputer-generated feedback could shorten learning curves
n the absence of expert tutors, thus saving crucial faculty
ime. The possibility of bridging expert feedback with com-
uter-based feedback has yet to be explored, but is viewed
s a potential topic for further research.
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