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Abstract Although feedback has been identified as a key instructional feature in simu-

lation based medical education (SBME), we remain uncertain as to the magnitude of its

effectiveness and the mechanisms by which it may be effective. We employed a meta-

analysis and critical narrative synthesis to examine the effectiveness of feedback for SBME

procedural skills training and to examine how it works in this context. Our results dem-

onstrate that feedback is moderately effective during procedural skills training in SBME,

with a pooled effect size favoring feedback for skill outcomes of 0.74 (95 % CI 0.38–1.09;

p \ .001). Terminal feedback appears more effective than concurrent feedback for novice

learners’ skill retention. Multiple sources of feedback, including instructor feedback, lead

to short-term performance gains although data on long-term effects is lacking. The

mechanism by which feedback may be operating is consistent with the guidance
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hypothesis, with more research needed to examine other mechanisms such as cognitive

load theory and social development theory.

Keywords Simulation-based medical education � Procedural skills training � Feedback �
Motor learning � Technical skills

Introduction

Feedback to learners has long been recognized as a central component of effective clinical

education (Ende 1983). Feedback provides learners with information about their perfor-

mance with the goal of improving that performance. In a historical review of simulation-

based medical education (SBME), feedback appeared as the most important and most

frequently cited instructional design feature for effective SBME (McGaghie et al. 2010).

Procedural skills training is one area in which SBME plays a central role in the edu-

cation of both novice and expert learners (Passiment et al. 2011). In many ways, the

simulation setting is an optimal environment for providing feedback as learners can

rehearse the key physical movements, patients are not at risk, training can be structured to

optimize learning, and faculty are usually present to supervise and directly observe skill

acquisition.

While previous meta-analyses have focused on the effectiveness of procedural skills

training in SBME (Gurusamy et al. 2008; Ma et al. 2011; Sutherland et al. 2006), none

have closely examined the specific role of feedback. We recently completed a large sys-

tematic review examining the general effectiveness of SBME. In two related reports, we

used subgroup meta-analysis to explore the role of feedback and found inconsistent edu-

cational benefits across the various Kirkpatrick’s outcomes (Kirkpatrick and Kirkpatrick

2009). Specifically, when SBME was compared to no-intervention, there was either no

benefit to higher levels of feedback or the outcomes favoured lower amounts of feedback

(Cook et al. 2011). When comparing SBME to other non-simulation interventions (Cook

et al. 2013), higher levels of feedback were generally associated with larger effect sizes,

although these were not always statistically significant. Such subgroup analyses evaluate

between-study rather than within-study differences, which limits their usefulness. A third

report in this series examined studies comparing simulation-based interventions and gen-

erally demonstrated larger effect sizes for higher levels of feedback although this associ-

ation was only statistically significant for one of five outcomes (Cook et al. 2012).

However, none of these studies focused specifically on procedural skills training. A sys-

tematic review of the SBME literature focused on procedural skills training, that con-

centrates on within-study variations in feedback by comparing two simulation-based

interventions, could inform and deepen our current understanding of this instructional

design feature.

The present review represents a planned sub-analysis of the original studies identified in

the above-mentioned systematic review. Our aim is to extend our understanding of feed-

back generally by synthesizing the evidence related to feedback in the focused field of

SBME procedural skills training. Purely quantitative synthesis of studies in complex

educational systems would allow us to examine whether an intervention such as feedback

works, but would not permit deeper understanding of the mechanisms that underlie this

instructional design feature. Consequently, we also undertook a narrative synthesis of the
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primary studies, inspired by realist review methods (Pawson et al. 2005a), to examine the

mechanisms by which feedback affects learning. By this combined approach, we aim to

deepen our understanding not just of whether feedback works, but how, for whom, and in

what circumstances.

Conceptual frameworks

Key to most realist reviews is consideration of relevant explanatory theories or frameworks

that may be used to explain the mechanisms by which an intervention has its effects. After

conducting a focused literature review, we selected the following frameworks given their

potential application to understanding the mechanisms of feedback during procedural skills

training.

One framework is described as the ‘guidance hypothesis’ in the motor learning litera-

ture. Evidence supporting this hypothesis suggests that constant feedback from an

instructor during each practice attempt (concurrent feedback) may lead to an over-reliance

on the feedback such that when feedback is withdrawn, the learner’s performance declines

(Schmidt and Lee 2011). The guidance hypothesis may depend on task difficulty and

learner experience, as researchers have found that learners performing simple tasks benefit

from feedback at the end of a practice attempt (terminal feedback) whereas learners

performing more complex tasks are aided by concurrent feedback (Wulf and Shea 2004).

Cognitive load theory can also be used to understand feedback during procedural skills

learning (Van Merriënboer and Sweller 2005). Cognitive load theorists assume that the

human cognitive processing system has finite capacity and refer to any burden placed upon

this system as ‘cognitive load’. Feedback provided during a procedural skills session could

influence cognitive load, either increasing it by providing ‘information-overload’, or

decreasing it by structuring the task so that it is better understood.

Social development theory is also relevant and has been applied previously as a

framework for surgical skills development (Dunphy and Dunphy 2003). Theorists describe

learning as occurring in a sociocultural context in which everyone involved in the learning

(i.e. the learner, their peers and instructors), their actions and the meaning assigned to those

actions, play a role in the emerging cognitive development of the learner (Vygotsky 1978).

Vygotsky postulated that between assisted and unassisted performance is the Zone of

Proximal Development, within which the learner can make developmental progress in

collaboration with others even though they would not have been able to do so indepen-

dently. An instructor provides feedback and guidance to the learner while in this zone.

Historically, feedback in education has been found to both help and hinder learning.

One-third of studies included in a meta-analysis of feedback in education, for example,

demonstrated negative effects on learning (Kluger and DeNisi 1996). Regulatory focus

theory is a framework that may permit study of the negative effects associated with

feedback (Higgins 1997). According to this theory, two systems of self-regulation mod-

ulate an individual’s motivation: self-regulation with a promotion focus (for tasks we want

to do) versus self-regulation with a prevention focus (for tasks we have to do). A recent

study based on this theory showed that clinical trainees’ framework for self-regulation

interacted with the feedback message to either help or hinder learning (Watling et al.

2012).
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Methods

Questions

We sought to answer (1) how effective is feedback in facilitating SBME procedural skills

learning? and (2) how does feedback work and which mechanisms have a positive effect on

learning outcomes? We defined feedback as information on performance received from an

instructor, a peer, or a computer, either during or after the simulation activity (high

feedback = structured and substantive from more than one source, low = infrequent and

unstructured) (Cook et al. 2011). We defined technology-enhanced simulation as an edu-

cational tool or device with which the learner physically interacts to mimic an aspect of

clinical care. Studies that evaluated only computer-based virtual patients or standardized

patients were excluded. Below, we outline the methods specific to the quantitative sys-

tematic review and the qualitative critical narrative synthesis.

Systematic review methods

The general methods for the systematic review have been previously reported (Cook et al.

2011) and are presented here in abbreviated format. This review was planned, conducted,

and reported in adherence to PRISMA standards of quality for reporting meta-analyses

(Moher et al. 2009). As no human subjects were involved, IRB approval was not required.

Study eligibility

Eligible studies included those published in any language that focused on feedback during

technology-enhanced SBME procedural skills training of health professions learners, at

any stage of their training or practice. We excluded single-group pretest–posttest studies.

Further, we excluded studies that compared two different simulators or compared SBME to

another educational intervention because the change in instructional modality constitutes a

confounding variable that limits interpretation of the study results (Cook et al. 2008).

Study identification and selection

An exhaustive literature search was performed searching multiple databases using a

strategy previously reported in detail (Cook et al. 2011). No beginning date was used, and

the last date of search was May 11, 2011. We searched for additional studies in the

reference lists of all included articles.

All titles, abstracts, and full text of potential articles were screened independently and in

duplicate for inclusion.

Data extraction

Data were extracted independently and in duplicate for all variables. We extracted the

training level of learners, clinical topic, training location, study design, method of group

assignment, outcomes, and methodological quality of the studies [graded using the Medical

Education Research Study Quality Instrument (MERSQI)] (Reed et al. 2007). We also

identified studies that contrasted four pre-specified instructional conditions: (1) feedback

versus no feedback, (2) instructor- versus simulator-provided feedback, (3) feedback from
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one versus multiple sources, and (4) the timing of feedback (concurrent with the task or at

the end of the task).

Information was abstracted separately for all learning outcomes, categorized as

knowledge, time, and skill measures (i.e., processes or outcomes in the simulation context).

No studies assessed the impact of the intervention on behavior (i.e., in the clinical context)

or patient outcomes. If multiple measures of a skill outcome were reported, we selected a

single outcome using our previously established order of priority (Cook et al. 2011).

Quantitative data synthesis

For each of the four contrasts noted above, we planned to quantitatively synthesize results

using meta-analysis whenever three or more studies met the inclusion criteria for the

contrast. For each reported outcome we calculated the standardized mean difference

(Hedges’ g effect size) using accepted techniques (Borenstein 2009; Cook et al. 2011;

Hunter and Schmidt 2004; Morris and DeShon 2002). We quantified the inconsistency

(heterogeneity) across studies using the I2 statistic (Higgins et al. 2003). Due to large

inconsistency in our analyses, we used random effects models to pool weighted effect

sizes. SAS 9.2 (SAS Institute, Cary, NC, USA) was used for all analyses. Statistical

significance was defined by a two-sided alpha of 0.05. Educational significance was based

on Cohen’s effect size classifications (0.2–0.49 = small; 0.5–0.8 = moderate, and[0.8 =

large) (Cohen 1988).

Narrative synthesis methods

The scope of our narrative synthesis was to examine the mechanisms that underlie effective

feedback for procedural skills SBME, and to examine for whom feedback works and in what

circumstances. We adapted realist review methods, as this approach provided a useful structure

within which to conduct a critical narrative synthesis of the literature (Pawson et al. 2005a).

We examined the included articles to identify additional theories that relate to feedback

and discovered attentional focus and motivational impact of feedback, which we added to

the theories outlined in the introduction (Wulf and Shea 2004). We also identified aug-

mented feedback (knowledge of performance versus knowledge of results) as another

important motor learning theory (Wulf and Shea 2004).

We extracted additional information on the learners, objectives, and context that might

explain convergent and divergent results between studies. Finally, we assessed how well the

findings of each study aligned with the explanatory theories. Using this methodology, we

selected and refined our list of theories iteratively to ensure they applied to the primary studies.

Results

General results

Trial flow

Using our search strategy we identified 10,297 articles with an additional 606 identified

from our review of reference lists and journal indices. From these we identified 31 articles

for inclusion in the present review (Fig. 1; Table 1).
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Study quality

Of the 31 included studies, 24 were randomized, controlled trials. Raters or outcomes were

blinded in 22 studies. Ten studies lost more than 25 % of participants prior to outcome

evaluation or failed to report follow-up. All outcomes were determined objectively. The

mean study quality as assessed by MERSQI was 12.6 (SD 1.3) out of 18, which is higher

than that in most medical education studies (Reed et al. 2007).

Potentially relevant studies identified and 
screened for retrieval (n=10,903)
• 10,297 from database search
• 606 from article reference lists and journal 

tables of contents

Studies excluded, with reasons (n=8320)
• Not original research (1314)
• Did not use technology-enhanced simulation (5343)
• No health professions learners (488)
• No comparison group or time point (1175)

Studies retrieved for more detailed evaluation (n=2583)

Studies excluded, with reasons (n=1597)
• Not original research (150)
• Did not use technology-enhanced simulation (486)
• No health professions learners (98)
• No comparison group (863)

Studies potentially appropriate for inclusion in the review (n=986)

Studies excluded, with reasons (n=955)
• Duplicate reports of previously published data (9)
• Same intervention, different outcomes (6)
• Insufficient data to extract effect size (4)
• No relevant outcomes (7)
• Not focused on feedback (920)
• Focused on feedback, but compared two different simulators (5)
• Focused on feedback, but also varied amount of instruction (4)

Studies included in the review (n=31)

Fig. 1 Study flow

R. Hatala et al.

123



T
a

b
le

1
D

es
cr

ip
ti

o
n

o
f

st
u

d
ie

s
in

cl
u

d
ed

in
sy

st
em

at
ic

re
v

ie
w

S
tu

d
y
,

y
ea

r
P

ro
ce

d
u
re

In
te

rv
en

ti
o
n

C
o
m

p
ar

at
o
r

S
tu

d
y

d
es

ig
n

L
ea

rn
er

O
u
tc

o
m

e
Q

u
an

ti
ta

ti
v
e

an
al

y
se

s

K
o

v
ac

s
et

al
.

(2
0

0
0
)

In
tu

b
at

io
n

A
ft

er
in

st
ru

ct
io

n
o

n
ad

v
an

ce
d

ai
rw

ay
m

an
n

eq
u

in
,

p
ro

v
id

ed
w

it
h

v
er

b
al

p
er

fo
rm

an
ce

fe
ed

b
ac

k
d

u
ri

n
g

tw
o

la
te

r
ev

al
u

at
io

n
s

S
am

e
in

st
ru

ct
io

n
,

n
o

fe
ed

b
ac

k
.

T
h

ir
d

ar
m

w
it

h
ex

tr
a

p
ra

ct
ic

e
an

d
fe

ed
b

ac
k

R
an

d
o

m
iz

ed
,

3
ar

m
8

4
u

n
d

er
g
ra

d
u

at
e

M
D

st
u
d

en
ts

F
ee

d
b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e

P
u

g
h

et
al

.
(2

0
0

1
)

P
el

v
ic

ex
am

in
at

io
n

P
ar

t-
ta

sk
p

el
v

ic
ex

am
in

at
io

n
tr

ai
n
er

w
it

h
co

m
p

u
te

r
d

is
p

la
y

o
f

h
an

d
lo

ca
ti

o
n

an
d

am
o

u
n

t
o

f
p

re
ss

u
re

ap
p

li
ed

S
am

e
p

ar
t-

ta
sk

tr
ai

n
er

w
it

h
o

u
t

fe
ed

b
ac

k
co

m
p

o
n

en
t.

T
h

ir
d

ar
m

w
it

h
o

u
t

si
m

u
la

to
r

tr
ai

n
in

g

R
an

d
o

m
iz

ed
,

3
ar

m
s

8
7

u
n

d
er

g
ra

d
u

at
e

M
D

st
u
d

en
ts

F
ee

d
b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e

B
y

rn
e

et
al

.
(2

0
0

2
)

G
en

er
al

an
ae

st
h
et

ic
w

it
h

co
m

p
li

ca
ti

o
n

s

M
an

ik
in

fo
r

tr
ai

n
in

g
.

W
at

ch
ed

v
id

eo
o

f
p

er
fo

rm
an

ce
af

te
r

ea
ch

sc
en

ar
io

S
am

e
tr

ai
n
er

,
w

it
h

o
u

t
v

id
eo

re
v

ie
w

R
an

d
o

m
iz

ed
3

2
an

ae
st

h
es

ia
re

si
d

en
ts

V
id

eo
ta

p
e

d
id

n
o

t
im

p
ro

v
e

p
er

fo
rm

an
ce

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e

W
ie

ri
n

ck
et

al
.

(2
0

0
5
)

D
en

ta
l

ca
v

it
y

p
re

p
ar

at
io

n
V

ir
tu

al
re

al
it

y
(V

R
)

ca
v
it

y
p

re
p

ar
at

io
n

,
w

it
h

v
is

u
al

d
is

p
la

y
o

f
V

R
m

et
ri

cs

S
am

e
tr

ai
n
er

,
w

it
h

o
u

t
fe

ed
b

ac
k

.
T

h
ir

d
ar

m
w

it
h

o
u

t
tr

ai
n
in

g

R
an

d
o

m
iz

ed
,

3
ar

m
2

8
d

en
ta

l
st

u
d

en
ts

F
ee

d
b
ac

k
d

id
n

o
t

im
p

ro
v

e
p

er
fo

rm
an

ce
F

ee
d

b
ac

k
v

er
su

s
n

o
n

e

R
o

ss
er

et
al

.
(2

0
0

6
)

L
ap

ar
o

sc
o

p
ic

d
ri

ll
s

P
ar

t-
ta

sk
la

p
ar

o
sc

o
p

ic
d

ri
ll

tr
ai

n
er

,
w

it
h

v
is

u
al

an
d

au
d

it
o

ry
al

ar
m

s

S
am

e
tr

ai
n
er

,
w

it
h

o
u

t
al

ar
m

s
H

is
to

ri
ca

l
co

n
tr

o
l

8
1

7
su

rg
eo

n
s

D
ri

ll
s

to
o
k

lo
n

g
er

w
it

h
fe

ed
b

ac
k

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e
(t

im
e

o
u

tc
o

m
e

o
n

ly
)

L
az

ar
sk

i
et

al
.

(2
0

0
7
)

M
an

d
ib

u
la

r
re

p
ai

r
P

ar
t-

ta
sk

tr
ai

n
er

fo
r

m
an

d
ib

u
la

r
re

p
ai

r,
w

it
h

n
u

m
er

ic
al

sc
o

re
in

d
ic

at
in

g
fo

rc
e

at
w

h
ic

h
re

p
ai

r
fa

il
ed

S
am

e
tr

ai
n
er

,
w

it
h

o
u

t
fe

ed
b

ac
k

.
T

h
ir

d
ar

m
w

it
h

in
st

ru
ct

io
n

an
d

fe
ed

b
ac

k
.

F
o

u
rt

h
ar

m
o

f
in

st
ru

ct
io

n
w

it
h

o
u
t

fe
ed

b
ac

k

C
o
h

o
rt

,
4

ar
m

s
6

1
u

n
d

er
g
ra

d
u

at
e

M
D

an
d

d
en

ta
l

st
u
d

en
ts

F
ee

d
b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e

Feedback in SBME procedural skills training

123



T
a

b
le

1
co

n
ti

n
u
ed

S
tu

d
y
,

y
ea

r
P

ro
ce

d
u
re

In
te

rv
en

ti
o
n

C
o
m

p
ar

at
o
r

S
tu

d
y

d
es

ig
n

L
ea

rn
er

O
u
tc

o
m

e
Q

u
an

ti
ta

ti
v
e

an
al

y
se

s

S
p

o
o

n
er

et
al

.
(2

0
0

7
)

B
as

ic
L

if
e

S
u

p
p

o
rt

M
an

n
eq

u
in

w
it

h
co

n
ti

n
u

o
u

s
v

is
u

al
fe

ed
b

ac
k

o
n

co
m

p
re

ss
io

n
d

ep
th

,
h

an
d

p
o

si
ti

o
n

an
d

v
en

ti
la

ti
o

n
v

o
lu

m
e

S
am

e
tr

ai
n
er

,
w

it
h

o
u

t
fe

ed
b

ac
k

R
an

d
o

m
iz

ed
1

0
0

h
ea

lt
h

ca
re

st
u
d

en
ts

N
o

d
if

fe
re

n
ce

b
et

w
ee

n
g

ro
u

p
s

o
n

g
lo

b
al

as
se

ss
m

en
t

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e

R
afi

q
et

al
.

(2
0

0
8
)

S
u

tu
ri

n
g
?

k
n

o
t

ty
in

g
P

ar
t-

ta
sk

tr
ai

n
er

,
w

it
h

v
is

u
al

fe
ed

b
ac

k
o

f
fo

rc
es

g
en

er
at

ed
d

u
ri

n
g

ta
sk

s

S
am

e
tr

ai
n
er

,
w

it
h

o
u

t
fe

ed
b

ac
k

C
o
h

o
rt

1
2

u
n

d
er

g
ra

d
u

at
e

M
D

st
u
d

en
ts

F
ee

d
b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e

C
h

an
g

et
al

.
(2

0
0

8
)

L
ap

ar
o

sc
o

p
ic

d
ri

ll
s

P
ar

t-
ta

sk
la

p
ar

o
sc

o
p

ic
d

ri
ll

tr
ai

n
er

w
it

h
fe

ed
b

ac
k

fr
o
m

in
st

ru
ct

o
r

S
am

e
in

st
ru

ct
io

n
al

se
ss

io
n

,
n

o
fe

ed
b

ac
k

R
an

d
o

m
iz

ed
2

4
p

ai
rs

o
f

u
n

d
er

g
ra

d
u

at
e

M
D

st
u
d

en
ts

,
ju

n
io

r
su

rg
ic

al
re

si
d

en
ts

an
d

n
o

n
-m

ed
ic

al
p

er
so

n
n

el

F
ee

d
b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e

D
ay

et
al

.
(2

0
0

9
)

T
ra

ch
ea

l
su

ct
io

n
in

g
In

st
ru

ct
io

n
al

se
ss

io
n

w
it

h
in

st
ru

ct
o

r
an

d
m

an
n

eq
u

in
.

D
el

ay
ed

w
ri

tt
en

fe
ed

b
ac

k
at

7
–

1
0

w
ee

k
s

S
am

e
in

st
ru

ct
io

n
al

se
ss

io
n

,
n

o
fe

ed
b

ac
k

R
an

d
o

m
iz

ed
9

5
n

u
rs

es
an

d
p

h
y

si
o

th
er

ap
is

ts
F

ee
d

b
ac

k
im

p
ro

v
ed

k
n

o
w

le
d

g
e

an
d

p
er

fo
rm

an
ce

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e

D
o

m
u

ra
ck

i
et

al
.

(2
0

0
9
)

C
ri

co
id

p
re

ss
u
re

P
ar

t-
ta

sk
tr

ai
n
er

,
w

it
h

v
is

u
al

fe
ed

b
ac

k
o

f
fo

rc
es

g
en

er
at

ed
d

u
ri

n
g

ta
sk

S
am

e
tr

ai
n
er

,
w

it
h

o
u

t
fe

ed
b

ac
k

R
an

d
o

m
iz

ed
1

0
1 u
n

d
er

g
ra

d
u

at
e

M
D

st
u
d

en
ts

an
d

n
u

rs
es

F
ee

d
b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e

R. Hatala et al.

123



T
a

b
le

1
co

n
ti

n
u
ed

S
tu

d
y
,

y
ea

r
P

ro
ce

d
u
re

In
te

rv
en

ti
o
n

C
o
m

p
ar

at
o
r

S
tu

d
y

d
es

ig
n

L
ea

rn
er

O
u
tc

o
m

e
Q

u
an

ti
ta

ti
v
e

an
al

y
se

s

M
o

u
lt

o
n

et
al

.
(2

0
0

9
)

C
o
m

m
u

n
ic

at
io

n
sk

il
ls

d
u

ri
n
g

b
as

ic
su

rg
ic

al
p

ro
ce

d
u

re
s

H
y

b
ri

d
si

m
u

la
ti

o
n

w
it

h
p

ar
t-

ta
sk

tr
ai

n
er

an
d

st
an

d
ar

d
iz

ed
p

at
ie

n
t

(S
P

).
V

er
b

al
fe

ed
b

ac
k

fr
o
m

S
P

w
it

h
v

id
eo

re
v

ie
w

S
am

e
in

st
ru

ct
io

n
al

se
ss

io
n

,
n

o
fe

ed
b

ac
k

R
an

d
o

m
iz

ed
3

2
u

n
d

er
g
ra

d
u

at
e

M
D

st
u
d

en
ts

an
d

ju
n
io

r
su

rg
ic

al
re

si
d

en
ts

F
ee

d
b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e

Y
as

u
k

aw
a

(2
0

0
9
)

D
en

ta
l

ca
v

it
y

p
re

p
ar

at
io

n
V

R
ca

v
it

y
p

re
p

ar
at

io
n

,
w

it
h

v
er

b
al

fe
ed

b
ac

k
fr

o
m

in
st

ru
ct

o
r

b
as

ed
o

n
V

R
m

et
ri

cs

S
am

e
in

st
ru

ct
io

n
al

se
ss

io
n

,
n

o
fe

ed
b

ac
k

R
an

d
o

m
iz

ed
3

9
d

en
ta

l
st

u
d

en
ts

F
ee

d
b
ac

k
im

p
ro

v
ed

ti
m

e
an

d
p

er
fo

rm
an

ce
F

ee
d

b
ac

k
v

er
su

s
n

o
n

e

G
er

li
n
g

an
d

T
h

o
m

as
(2

0
0

3
)

C
li

n
ic

al
b

re
as

t
ex

am
in

at
io

n
P

ar
t-

ta
sk

tr
ai

n
er

,
w

it
h

v
is

u
al

fe
ed

b
ac

k
o

f
fo

rc
es

g
en

er
at

ed
d

u
ri

n
g

ta
sk

S
am

e
in

st
ru

ct
io

n
al

se
ss

io
n

,
n

o
fe

ed
b

ac
k

.
T

h
ir

d
ar

m
,

n
o

tr
ai

n
in

g

C
o
h

o
rt

,
3

ar
m

s
1

8
u

n
d

er
g
ra

d
u

at
e

M
D

st
u
d

en
ts

F
ee

d
b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e

C
h

an
g

et
al

.
(2

0
0

7
)

Jo
in

t
m

an
ip

u
la

ti
o

n
P

ar
t-

ta
sk

tr
ai

n
er

,
w

it
h

co
n

cu
rr

en
t

v
is

u
al

d
is

p
la

y
o

f
fo

rc
e

fe
ed

b
ac

k

P
ar

t-
ta

sk
tr

ai
n
er

,
w

it
h

te
rm

in
al

v
is

u
al

d
is

p
la

y
o

f
fo

rc
e

fe
ed

b
ac

k
.

T
h

ir
d

ar
m

,
sa

m
e

tr
ai

n
er

w
it

h
o

u
t

fe
ed

b
ac

k

R
an

d
o

m
iz

ed
,

3
ar

m
s

3
6

u
n

d
er

g
ra

d
u

at
e

p
h

y
si

o
th

er
ap

y
st

u
d

en
ts

F
ee

d
b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

.
C

o
n

cu
rr

en
t

su
p

er
io

r
to

te
rm

in
al

fe
ed

b
ac

k

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e;
C

o
n

cu
rr

en
t

v
er

su
s

T
er

m
in

al

O
’C

o
n
n

o
r

et
al

.
(2

0
0

7
)

L
ap

ar
o

sc
o

p
ic

su
tu

ri
n
g

P
ar

t-
ta

sk
la

p
ar

o
sc

o
p

ic
tr

ai
n
er

w
it

h
si

m
u
la

to
r-

g
en

er
at

ed
an

d
ex

p
er

t
p

er
fo

rm
an

ce
fe

ed
b

ac
k

S
am

e
tr

ai
n
er

,
si

m
u

la
to

r-
g

en
er

at
ed

fe
ed

b
ac

k
.

T
h

ir
d

ar
m

,
n

o
fe

ed
b

ac
k

R
an

d
o

m
iz

ed
,

3
ar

m
s

9
u

n
d

er
g
ra

d
u

at
e

M
D

st
u
d

en
ts

F
ee

d
b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

.
R

ed
u

ce
d

er
ro

rs
w

it
h

m
u

lt
ip

le
so

u
rc

es
o

f
fe

ed
b

ac
k

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e;
M

u
lt

ip
le

v
er

su
s

si
n

g
le

so
u

rc
e

Feedback in SBME procedural skills training

123



T
a

b
le

1
co

n
ti

n
u
ed

S
tu

d
y
,

y
ea

r
P

ro
ce

d
u
re

In
te

rv
en

ti
o
n

C
o
m

p
ar

at
o
r

S
tu

d
y

d
es

ig
n

L
ea

rn
er

O
u
tc

o
m

e
Q

u
an

ti
ta

ti
v
e

an
al

y
se

s

V
an

S
ic

k
le

et
al

.
(2

0
0

7
)

L
ap

ar
o

sc
o

p
ic

d
ri

ll
P

ar
t-

ta
sk

la
p

ar
o

sc
o

p
ic

d
ri

ll
tr

ai
n

er
w

it
h

au
d

it
o

ry
al

ar
m

S
am

e
tr

ai
n
er

,
in

st
ru

ct
o

r
se

rv
ed

as
al

ar
m

.
T

h
ir

d
ar

m
w

it
h

b
o

th
au

d
it

o
ry

an
d

in
st

ru
ct

o
r

al
ar

m
.

F
o

u
rt

h
ar

m
w

it
h

o
u
t

fe
ed

b
ac

k

R
an

d
o

m
iz

ed
,

4
ar

m
s

3
2

u
n

d
er

g
ra

d
u

at
e

M
D

an
d

u
n

iv
er

si
ty

st
u
d

en
ts

F
ee

d
b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

.
H

ig
h

es
t

p
er

fo
rm

an
ce

w
it

h
m

u
lt

ip
le

so
u

rc
es

o
f

fe
ed

b
ac

k

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e;
In

st
ru

ct
o

r
v

er
su

s
S

im
u

la
to

r-
g

en
er

at
ed

;
M

u
lt

ip
le

v
er

su
s

si
n

g
le

so
u

rc
e

X
er

o
u

li
s

et
al

.
(2

0
0

7
)

S
u

tu
ri

n
g

an
d

in
st

ru
m

en
t

k
n

o
t

ty
in

g

P
ar

t-
ta

sk
tr

ai
n
er

,
w

it
h

co
n

cu
rr

en
t

fe
ed

b
ac

k
d

u
ri

n
g

ea
ch

tr
ia

l
p

ro
v

id
ed

b
y

ex
p

er
t

P
ar

t-
ta

sk
tr

ai
n
er

,
w

it
h

te
rm

in
al

fe
ed

b
ac

k
af

te
r

ea
ch

tr
ia

l
p

ro
v

id
ed

b
y

ex
p

er
t.

T
h

ir
d

ar
m

,
n

o
fe

ed
b

ac
k

.
F

o
u
rt

h
ar

m
,

se
lf

-i
n

st
ru

ct
io

n

R
an

d
o

m
iz

ed
,

4
ar

m
6

0
u

n
d

er
g
ra

d
u

at
e

M
D

st
u
d

en
ts

F
ee

d
b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

.
C

o
n

cu
rr

en
t

su
p

er
io

r
to

te
rm

in
al

at
im

m
ed

ia
te

te
st

in
g

.
T

er
m

in
al

su
p

er
io

r
to

co
n

cu
rr

en
t

at
1

-m
o
n

th
re

te
n
ti

o
n

te
st

F
ee

d
b
ac

k
v

er
su

s
n

o
n

e;
C

o
n

cu
rr

en
t

v
er

su
s

T
er

m
in

al

W
al

sh
et

al
.

(2
0

0
9
)

C
o
lo

n
o

sc
o

p
y

d
ri

ll
s

P
ar

t-
ta

sk
tr

ai
n
er

,
w

it
h

co
n

cu
rr

en
t

fe
ed

b
ac

k
d

u
ri

n
g

ea
ch

tr
ia

l
p

ro
v

id
ed

b
y

ex
p

er
t

P
ar

t-
ta

sk
tr

ai
n
er

,
w

it
h

te
rm

in
al

fe
ed

b
ac

k
af

te
r

ea
ch

tr
ia

l
p

ro
v

id
ed

b
y

ex
p

er
t

R
an

d
o

m
iz

ed
3

0
u

n
d

er
g
ra

d
u

at
e

M
D

st
u
d

en
ts

G
ro

u
p

s
si

m
il

ar
at

im
m

ed
ia

te
an

d
1

-w
ee

k
re

te
n
ti

o
n

te
st

.
T

er
m

in
al

su
p

er
io

r
at

tr
an

sf
er

ta
sk

C
o

n
cu

rr
en

t
v

er
su

s
T

er
m

in
al

Q
u

in
n

et
al

.
(2

0
0

3
)

C
av

it
y

p
re

p
ar

at
io

n
V

R
tr

ai
n

er
w

it
h

co
n

cu
rr

en
t

v
is

u
al

fe
ed

b
ac

k

S
am

e
tr

ai
n
er

,
w

it
h

o
u

t
V

R
fe

ed
b

ac
k

,
b

u
t

w
it

h
in

st
ru

ct
o

r-
g

en
er

at
ed

fe
ed

b
ac

k

R
an

d
o

m
iz

ed
2

2
u

n
d

er
g
ra

d
u

at
e

d
en

ta
l

st
u

d
en

ts
In

st
ru

ct
o
r-

g
en

er
at

ed
fe

ed
b

ac
k

g
ro

u
p

h
ad

h
ig

h
er

p
er

fo
rm

an
ce

In
st

ru
ct

o
r

v
er

su
s

S
im

u
la

to
r-

g
en

er
at

ed

E
n

eb
o

an
d

S
h

er
w

o
o

d
(2

0
0

5
)

S
p

in
e

m
an

ip
u
la

ti
o

n
P

ar
t-

ta
sk

tr
ai

n
er

,
w

it
h

v
is

u
al

d
is

p
la

y
o

f
fo

rc
e

fe
ed

b
ac

k

S
am

e
tr

ai
n
er

,
w

it
h

o
u

t
v

is
u

al
fe

ed
b

ac
k

,
b

u
t

w
it

h
in

st
ru

ct
o

r-
g

en
er

at
ed

fe
ed

b
ac

k

R
an

d
o

m
iz

ed
3

3
ch

ir
o

p
ra

ct
ic

st
u
d

en
ts

Im
p

ro
v

ed
p

er
fo

rm
an

ce
w

it
h

si
m

u
la

to
r-

g
en

er
at

ed
fe

ed
b

ac
k

at
re

te
n

ti
o

n
te

st

In
st

ru
ct

o
r

v
er

su
s

S
im

u
la

to
r-

g
en

er
at

ed

R. Hatala et al.

123



T
a

b
le

1
co

n
ti

n
u
ed

S
tu

d
y
,

y
ea

r
P

ro
ce

d
u
re

In
te

rv
en

ti
o
n

C
o
m

p
ar

at
o
r

S
tu

d
y

d
es

ig
n

L
ea

rn
er

O
u
tc

o
m

e
Q

u
an

ti
ta

ti
v
e

an
al

y
se

s

P
o

rt
e

et
al

.
(2

0
0

7
)

K
n

o
t

ty
in

g
an

d
su

tu
ri

n
g

P
ar

t-
ta

sk
tr

ai
n

er
w

it
h

co
m

p
u

te
r-

g
en

er
at

ed
fe

ed
b

ac
k

in
cl

u
d

in
g

p
ro

fi
ci

en
cy

cr
it

er
ia

S
am

e
tr

ai
n
er

,
ex

p
er

t
fe

ed
b

ac
k

o
n

ly
.

T
h

ir
d

ar
m

w
it

h
co

m
p

u
te

r-
g

en
er

at
ed

fe
ed

b
ac

k
,

n
o

p
ro

fi
ci

en
cy

cr
it

er
ia

R
an

d
o

m
iz

ed
,

3
ar

m
s

4
5

u
n

d
er

g
ra

d
u

at
e

M
D

st
u
d

en
ts

F
ee

d
b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

.
In

st
ru

ct
o
r-

g
en

er
at

ed
fe

ed
b

ac
k

h
ad

h
ig

h
er

p
er

fo
rm

an
ce

at
re

te
n
ti

o
n

te
st

In
st

ru
ct

o
r

v
er

su
s

S
im

u
la

to
r-

g
en

er
at

ed

W
ie

ri
n

ck
et

al
.

(2
0

0
6

a)

C
av

it
y

p
re

p
ar

at
io

n
V

R
ca

v
it

y
p

re
p

ar
at

io
n

,
w

it
h

co
n

cu
rr

en
t

v
is

u
al

fe
ed

b
ac

k

S
am

e
tr

ai
n
er

,
fe

ed
b

ac
k

d
u

ri
n
g

2
/3

tr
ia

ls
.

T
h

ir
d

ar
m

w
it

h
n
o

p
ra

ct
ic

e

R
an

d
o

m
iz

ed
,

3
ar

m
s

3
6

u
n

d
er

g
ra

d
u

at
e

d
en

ta
l

st
u

d
en

ts
N

o
d

if
fe

re
n

ce
b

et
w

ee
n

g
ro

u
p

s
N

o
n

e

S
te

fa
n
id

is
et

al
.

(2
0

0
7
)

L
ap

ar
o

sc
o

p
ic

su
tu

ri
n
g

P
ar

t-
ta

sk
la

p
ar

o
sc

o
p

ic
tr

ai
n
er

w
it

h
co

n
cu

rr
en

t
ex

p
er

t
fe

ed
b

ac
k

S
am

e
tr

ai
n
er

w
it

h
co

n
cu

rr
en

t
ex

p
er

t
fe

ed
b

ac
k

fo
r

1
/6

o
f

se
ss

io
n

.
T

h
ir

d
ar

m
w

it
h

li
m

it
ed

fe
ed

b
ac

k
b

u
t

ad
d

it
io

n
al

in
st

ru
ct

io
n

al
v

id
eo

tu
to

ri
al

C
o
h

o
rt

3
4

u
n

d
er

g
ra

d
u

at
e

M
D

st
u
d

en
ts

R
ed

u
ce

d
fr

eq
u
en

cy
fe

ed
b

ac
k

g
ro

u
p

h
ad

sh
o

rt
er

tr
ai

n
in

g
to

p
ro

fi
ci

en
cy

ti
m

e

N
o

n
e

R
is

sa
n

en
et

al
.

(2
0

0
8
)

D
ig

it
al

re
ct

al
ex

am
in

at
io

n
V

R
tr

ai
n

er
w

it
h

v
is

u
al

fe
ed

b
ac

k
d

is
p

la
y

an
d

ex
p

er
t

fe
ed

b
ac

k

S
am

e
tr

ai
n
er

,
w

it
h

o
n

ly
v

is
u

al
fe

ed
b

ac
k

C
o
h

o
rt

8
u

n
d

er
g
ra

d
u

at
e

M
D

st
u
d

en
ts

B
et

te
r

p
er

fo
rm

an
ce

w
it

h
si

n
g

le
so

u
rc

e
fe

ed
b

ac
k

M
u

lt
ip

le
v

er
su

s
si

n
g

le
so

u
rc

e

K
ru

g
li

k
o

v
a

et
al

.
(2

0
1

0
)

C
o
lo

n
o

sc
o

p
y

V
R

co
lo

n
o

sc
o
p

y
,

w
it

h
V

R
g

en
er

at
ed

m
et

ri
cs

.
A

d
d

it
io

n
al

st
ru

ct
u

re
d

v
er

b
al

fe
ed

b
ac

k
b

y
in

st
ru

ct
o

r

S
am

e
in

st
ru

ct
io

n
al

se
ss

io
n

,
w

it
h

o
u
t

in
st

ru
ct

o
r

fe
ed

b
ac

k

R
an

d
o

m
iz

ed
2

2
re

si
d

en
ts

In
st

ru
ct

o
r

fe
ed

b
ac

k
g

ro
u

p
h

ad
im

p
ro

v
ed

ti
m

e
an

d
p

er
fo

rm
an

ce

M
u

lt
ip

le
v

er
su

s
si

n
g

le
so

u
rc

e

D
in

e
et

al
.

(2
0

0
8
)

C
P

R
M

an
n
eq

u
in

w
it

h
au

to
m

at
ed

fe
ed

b
ac

k
m

es
sa

g
es

fr
o
m

th
e

d
efi

b
ri

ll
at

o
r.

A
d

d
it

io
n

al
in

st
ru

ct
o

r-
g

en
er

at
ed

fe
ed

b
ac

k

S
am

e
tr

ai
n
er

,
w

it
h

o
u

t
au

to
m

at
ed

fe
ed

b
ac

k
.

A
d

d
it

io
n

al
in

st
ru

ct
o

r-
g

en
er

at
ed

fe
ed

b
ac

k

R
an

d
o

m
iz

ed
6

5
n

u
rs

es
M

u
lt

ip
le

so
u

rc
es

o
f

fe
ed

b
ac

k
im

p
ro

v
ed

p
er

fo
rm

an
ce

M
u

lt
ip

le
v

er
su

s
si

n
g

le
so

u
rc

e

Feedback in SBME procedural skills training

123



T
a

b
le

1
co

n
ti

n
u
ed

S
tu

d
y
,

y
ea

r
P

ro
ce

d
u
re

In
te

rv
en

ti
o
n

C
o
m

p
ar

at
o
r

S
tu

d
y

d
es

ig
n

L
ea

rn
er

O
u
tc

o
m

e
Q

u
an

ti
ta

ti
v
e

an
al

y
se

s

B
ac

k
st

ei
n

et
al

.
(2

0
0

5
)

V
as

cu
la

r
an

as
to

m
o
si

s
H

u
m

an
,

an
im

at
e

an
d

in
an

im
at

e
m

o
d

el
s.

E
x

p
er

t
fe

ed
b

ac
k

d
u

ri
n

g
p

ra
ct

ic
e

p
lu

s
v

id
eo

re
v

ie
w

w
it

h
ex

p
er

t

S
am

e
m

o
d

el
s

an
d

ex
p

er
t

fe
ed

b
ac

k
,

n
o

v
id

eo
re

v
ie

w

R
an

d
o

m
iz

ed
2

6
su

rg
ic

al
re

si
d

en
ts

T
re

n
d

to
w

ar
d

im
p

ro
v
ed

p
er

fo
rm

an
ce

w
it

h
m

u
lt

ip
le

so
u

rc
es

o
f

fe
ed

b
ac

k

M
u

lt
ip

le
v

er
su

s
si

n
g

le
so

u
rc

e

S
ca

ri
n
g

e
(2

0
0

2
)

S
p

in
e

m
an

ip
u
la

ti
o

n
P

ar
t-

ta
sk

tr
ai

n
er

,
w

it
h

co
n

cu
rr

en
t

v
is

u
al

d
is

p
la

y
o

f
fo

rc
e

fe
ed

b
ac

k
.

In
st

ru
ct

o
r

al
so

co
m

m
en

te
d

o
n

fo
rc

e

S
am

e
tr

ai
n
er

,
w

it
h

o
u

t
v

is
u

al
fe

ed
b

ac
k

,
b

u
t

w
it

h
in

st
ru

ct
o

r-
g

en
er

at
ed

fe
ed

b
ac

k

R
an

d
o

m
iz

ed
7

1
ch

ir
o

p
ra

ct
ic

st
u
d

en
ts

N
o

d
if

fe
re

n
ce

s
b

et
w

ee
n

g
ro

u
p

s
M

u
lt

ip
le

v
er

su
s

si
n
g

le
so

u
rc

e

K
ah

o
l

et
al

.
(2

0
0

7
)

L
ap

ar
o

sc
o

p
ic

d
ri

ll
s

V
R

tr
ai

n
er

,
w

it
h

co
n

cu
rr

en
t

v
is

u
al

d
is

p
la

y
o

f
h

an
d

m
o
v

em
en

ts
.

C
o
m

p
u

te
r-

g
en

er
at

ed
fe

ed
b

ac
k

af
te

r
p

ra
ct

ic
e

tr
ia

l

S
am

e
tr

ai
n
er

,
w

it
h

o
u

t
co

n
cu

rr
en

t
fe

ed
b

ac
k

.
C

o
m

p
u

te
r-

g
en

er
at

ed
fe

ed
b

ac
k

af
te

r
p

ra
ct

ic
e

tr
ia

l

C
o
h

o
rt

8
re

si
d

en
ts

B
o

th
g

ro
u

p
s

im
p

ro
v
ed

w
it

h
fe

ed
b

ac
k

N
o

n
e

W
ie

ri
n

ck
et

al
.

(2
0

0
6

b
)

D
en

ta
l

ca
v

it
y

p
re

p
ar

at
io

n
V

R
ca

v
it

y
p

re
p

ar
at

io
n

,
w

it
h

v
is

u
al

d
is

p
la

y
o

f
V

R
m

et
ri

cs
.

1
0

m
in

tu
to

ri
al

w
it

h
ex

p
er

t,
p

ri
o

r
to

tr
ai

n
in

g

S
am

e
in

st
ru

ct
io

n
al

se
ss

io
n

w
it

h
o

u
t

tu
to

ri
al

.
T

h
ir

d
ar

m
,

w
it

h
o

u
t

tr
ai

n
in

g

R
an

d
o

m
iz

ed
,

3
ar

m
s

3
6

d
en

ta
l

st
u

d
en

ts
T

u
to

ri
al

g
ro

u
p

h
ad

h
ig

h
er

p
er

fo
rm

an
ce

th
an

fe
ed

b
ac

k
-o

n
ly

g
ro

u
p

N
o

n
e

R. Hatala et al.

123



Study characteristics

Four of the studies had multiple arms, (Chang et al. 2007; O’Connor et al. 2007; Van

Sickle et al. 2007; Xeroulis et al. 2007) with comparisons between different feedback

interventions, such that the contrasts (i.e., discrete comparisons) described here total more

than 31. There were 18 studies that compared a feedback intervention to a control inter-

vention with no feedback (Byrne et al. 2002; Chang et al. 2007; Day et al. 2009;

Domuracki et al. 2009; Gerling and Thomas 2003; Kovacs et al. 2000; Lazarski et al. 2007;

Moulton et al. 2009; O’Connor et al. 2007; Pugh et al. 2001; Rafiq et al. 2008; Rosser et al.

2006; Chang et al. 2008; Spooner et al. 2007; Van Sickle et al. 2007; Wierinck et al. 2005;

Xeroulis et al. 2007; Yasukawa 2009). Of the remaining included studies, three compared

concurrent (feedback provided throughout each practice trial) to terminal feedback

(feedback provided after each practice trial) (Chang et al. 2007; Walsh et al. 2009;

Xeroulis et al. 2007) and two other studies examined reducing the frequency of concurrent

feedback (Stefanidis et al. 2007; Wierinck et al. 2006a). Four studies compared instructor-

generated feedback to feedback delivered by the simulator (Enebo and Sherwood 2005;

Porte et al. 2007; Quinn et al. 2003; Van Sickle et al. 2007). Seven studies compared

delivering feedback from one compared to multiple sources (O’Connor et al. 2007;

Rissanen et al. 2008; Backstein et al. 2005; Dine et al. 2008; Kruglikova et al. 2010;

Scaringe 2002; Van Sickle et al. 2007). Two studies did not fit into any of these classi-

fications: one examined the addition of a tutorial prior to learning with feedback (Wierinck

et al. 2006b) and the other compared combined concurrent and terminal feedback from the

simulator to terminal feedback from the simulator (Kahol et al. 2007).

Medical students comprised the majority of learners though dental students, chiropractic

students, physical therapy students, residents, surgeons, and nurses also participated (see

Table 1). The majority of studies assessed skills as the outcome measure.

Systematic review

Quantitative synthesis: meta-analyses

Data were pooled for four separate meta-analyses (Figs. 2, 3, 4, 5). All meta-analyses

demonstrated moderate to high inconsistency (I2 C 40 %). For the meta-analysis of the 18

studies comparing feedback to no feedback, 5 studies assessed time outcomes in 936

learners. Seventeen studies assessed skill outcomes in 653 learners (Fig. 2). Meta-analysis

demonstrated that the presence of feedback during SBME procedural skills training is

associated with improved skill outcomes with a moderate and statistically significant effect

size of 0.74 (95 % CI 0.38–1.09; p \ .001; I2 = 87 %) (Fig. 2). The association with time

outcomes favored the use of feedback, but was small and statistically non-significant

[pooled effect size of 0.32 (95 % CI -0.23 to 0.87; p = .25; I2 = 89 %)].

The meta-analyses that focused on instructional design features of feedback are shown

in Figs. 3, 4 and 5. There was no significant difference between concurrent and terminal

feedback, for skill outcomes assessed immediately at the end of the intervention [effect

size 0.36 favoring concurrent feedback (95 % CI -0.20 to 0.93; p = .21; I2 = 73 %)] or

assessed at a delayed retention test occurring at least 5 days post-training [effect size 0.08

favoring concurrent feedback (95 % CI -0.51 to 0.67; p = .78; I2 = 75 %)] (Fig. 3a, b,

respectively). There was a moderate, but statistically non-significant, effect of instructor-

generated feedback compared to that generated by the simulator [effect size 0.74 favoring
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instructor-generated feedback (95 % CI -0.23 to 1.71, p = .13, I2 = 88 %)] (Fig. 4).

Multiple sources of feedback compared to a single source of feedback led to enhanced

learning outcomes with a small to moderate, statistically significant, effect size of 0.43

favoring multiple sources of feedback (95 % CI 0.07–0.79, p = .02, I2 = 42 %) (Fig. 5).

Fig. 2 Feedback versus no feedback, skill outcomes. Effect sizes for feedback compared with no feedback.
Positive numbers favor feedback. For pooled effect size, p \ .001; I2 = 87 %

Fig. 3 a Concurrent versus terminal feedback, immediate post-test. Effect sizes for concurrent feedback
compared to terminal feedback, for skills outcomes. Positive numbers favor concurrent feedback. For pooled
effect size, p = .21; I2 = 73 %. b Concurrent versus terminal feedback, delayed retention test. Effect sizes
for concurrent feedback compared to terminal feedback, for skills outcomes tested at least 5 days after
intervention. Positive numbers favor concurrent feedback. For pooled effect size, p = .78; I2 = 75 %

R. Hatala et al.

123



Narrative synthesis

We have organized this synthesis according to the explanatory theories outlined

previously.

Guidance hypothesis

Of the initial explanatory theories identified, the guidance hypothesis addresses the studies

examining concurrent and terminal feedback. The guidance hypothesis suggests that

provision of concurrent feedback may lead to an over-reliance on feedback resulting in a

decrement in performance over the long-term (Wulf and Shea 2004). In the three studies

that directly compared concurrent to terminal feedback during procedural skill acquisition

(see Table 1 and Fig. 3) (Chang et al. 2007; Walsh et al. 2009; Xeroulis et al. 2007),

learners’ skills demonstrated improvement from pretest to immediate post-test after

practicing in either feedback condition. There were no significant differences between the

concurrent and terminal feedback groups at either immediate or short-term post-test (i.e.

within 1 week of intervention), with the quantitative results suggesting a slight benefit to

the concurrent feedback group (Fig. 3a, b). However, when the retention test occurred

1 month later (Xeroulis et al. 2007), or involved a transfer task test during the delayed

post-test (Walsh et al. 2009), the terminal feedback group demonstrated superior proce-

dural skills.

All three studies used novice learners and focused on teaching surgical procedural skills

(knot-tying (Xeroulis et al. 2007)), colonoscopy manipulation (Walsh et al. 2009), and

joint manipulation (Chang et al. 2007). In the two surgical studies (Walsh et al. 2009;

Xeroulis et al. 2007), the experts providing the feedback were in the room, whereas

feedback during joint manipulation consisted of a computer display of the force applied to

the joint compared to a criterion force (Chang et al. 2007). Outcome assessment occurred

immediately in all studies, with the addition of a retention test within 1 week (Chang et al.

2007; Walsh et al. 2009) or 1 month (Xeroulis et al. 2007) or a transfer test (i.e., task

requiring learners to complete a novel, but related, simulator task) within 1 week (Walsh

et al. 2009).

The pattern of results is consistent with the guidance hypothesis, in that learners in the

concurrent feedback groups may have formed a reliance on feedback that supported short-

term, but not long-term performance (Wulf and Shea 2004). This is especially apparent in

Walsh et al.’s study, where the concurrent group had a significant decrement in perfor-

mance on the transfer test compared to the post-test and retention test. Conversely, the

terminal feedback group demonstrated sustained retention and transfer performance

(Walsh et al. 2009).

Further supporting the guidance hypothesis, two studies examined the effect of reducing

the frequency of feedback during a practice session (Stefanidis et al. 2007; Wierinck et al.

2006a). Both studies used novice learners, practicing laparoscopic suturing (Stefanidis

et al. 2007) and dental cavity preparation (Wierinck et al. 2006a). In both studies, con-

current and terminal feedback was provided to one group at 100 % frequency, and at a

reduced frequency for the comparison group; either for 10 of 60 min for medical students

(Stefanidis et al. 2007) or for 2 of 3 practice trials for dental students (Wierinck et al.

2006a). Supporting the assertion that more feedback is not necessarily better, and con-

sistent with the outcome postulated by the guidance hypothesis, performance did not differ

between groups at immediate post-test in either study, and dental cavity preparation skills

did not differ on 4 month retention and transfer tests.

Feedback in SBME procedural skills training

123



Since only novice learners participated in the studies of feedback timing, we were

unable to examine potential interactions between learner level and timing of feedback or

between task complexity and timing of feedback, both of which have been studied in the

guidance hypothesis literature (Wulf and Shea 2004). Outside of motor learning, feedback

timing has been examined in the cognitive psychology literature particularly as it applies to

testing effects on learning. Although the testing effect studies are not directly comparable

to the studies in our review, the similarities in terms of the benefits of delayed feedback on

long-term retention are worthy of further exploration (Roediger and Butler 2011).

Cognitive load theory

Unfortunately, only one study directly examined the cognitive load associated with a

feedback intervention by specifically measuring learners’ workload perceptions (O’Connor

et al. 2007). The learners who received the most feedback (from both the expert and the

simulator) during a laparoscopic suturing task rated their workload the lowest and dem-

onstrated the highest performance outcomes. Without retention testing, it remains uncer-

tain whether this is a long-term benefit.

We found indirect evidence that instructors may help to reduce the cognitive load of the

learner by making the task more understandable. Specifically, studies in which instructors

(rather than the simulator) provided feedback generally demonstrated that learners per-

formed better with instructor feedback (Fig. 4). The benefits associated with instructor-

derived feedback were found for novices learning simple tasks and also for residents

learning the more complex surgical skills of colonoscopy (Kruglikova et al. 2010) and

vascular anastomosis (Backstein et al. 2005). In addition, when learners received multiple

sources of feedback (which always included instructor feedback) compared to a single

source of feedback, higher learning outcomes were associated with multiple feedback

sources (Fig. 5).

Explanatory theories that were unsupported

Many of our explanatory theories were not supported by the primary literature. None of the

feedback studies specifically commented on social development theory as the mechanism

by which feedback may have been exerting its effect, although one aligning finding is that

interventions with instructor-based feedback were more effective than those with simu-

lator-generated feedback alone. None of the studies explored the negative effects of

feedback as postulated by the regulatory focus theory.

Aside from the timing of feedback examined under the guidance hypothesis, the content

of the feedback (referred to as augmented feedback) is also important in the motor learning

literature (Wulf and Shea 2004). Although we expected augmented feedback to be helpful

in explaining the studies included in this review, there was a notable absence of either

supportive or contradictory evidence in the SBME literature. Among the studies we

identified, authors rarely distinguished between knowledge of performance and knowledge

of results nor did they describe the content of the feedback message delivered by the

instructor. Without additional SBME feedback studies specifically providing more

description of the amount and type of feedback provided, this highly promising feedback

theory from motor learning cannot be examined in the simulation literature.

We were also unable to determine if either learner motivation or attentional focus play a

key role in effective feedback in the SBME context (Wulf et al. 2010). None of the studies
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addressed the learners’ motivation as impacted by feedback and nearly all failed to

describe feedback in sufficient detail to determine the attentional focus of the learner.

Discussion

Our meta-analysis and narrative synthesis identifies several important messages regarding

feedback for SBME procedural skills training. First, the meta-analytic results suggest a

moderate benefit of feedback for SBME procedural-skills training. Regarding how to best

implement feedback, terminal feedback may be better than concurrent feedback for long-

term skill retention in novices learning simple tasks. Moreover, multiple sources of

feedback (which typically include feedback from an instructor) appear superior to any

single source of feedback when outcomes are assessed immediately after the intervention.

Although this immediate benefit is notable, the studies focused on the source of feedback

did not conduct delayed testing, which leaves us unable to determine if the apparent

learning gains were sustained.

We also found evidence to support some potential mechanisms by which feedback may

positively influence procedural skills training outcomes in SBME. The superiority of

terminal feedback for novice long-term skill retention provides support for the guidance

hypothesis (Wulf and Shea 2004). One study showed that learners had a lower perceived

workload when presented with multiple sources of feedback, including instructor feedback,

which may support cognitive load theory although additional focused research is necessary

(van Merrienboer and Sweller 2010).

Fig. 4 Instructor-generated versus simulator-generated feedback. Effect sizes for instructor-generated
versus simulator-generated feedback, for skills outcomes. Positive numbers favor instructor-generated
feedback. For pooled effect size, p = .13, I2 = 88 %

Fig. 5 Multiple sources of feedback versus a single source of feedback. Effect sizes for multiple sources of
feedback versus a single source of feedback, for skills outcomes. Positive numbers favor multiple sources of
feedback. For pooled effect size, p = .02, I2 = 42 %
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Strengths and limitations

The review includes a meta-analysis and a narrative synthesis in an attempt to capitalize on

both quantitative and qualitative methodologies. The systematic review employed a

comprehensive search strategy, rigorous data extraction and focused meta-analyses. The

meta-analyses provide quantitative best estimates of effect for the design variations. The

strengths of the narrative synthesis are the breadth of the explanatory theories and the

iterative review process.

The limitations of this review parallel the limitations of the primary studies. Many

studies do not describe in detail the amount and type of feedback provided, which con-

strains our exploration of how feedback may be effective. In addition, there is significant

heterogeneity among the primary study results, limiting the interpretations of the pooled

effect sizes. The narrative synthesis is also limited by the lack of theoretical grounding in

many of the primary studies, leading us to rely on inferences with respect to explanatory

theories. Finally, the paucity of delayed outcome assessments impairs our ability to

evaluate the long-term effects of variations in feedback.

Integration with prior reviews

In considering how our findings intersect with other work, perhaps most relevant is a

qualitative review from the general education literature, which focused on understanding

how formative feedback works and developing guidelines relating to formative feedback

(Shute 2008). Aligned with our findings, Shute describes formative feedback as decreasing

the cognitive load for novice learners. She found conflicting literature regarding the

complexity of the feedback, but found that the nature and quality of the feedback as it

pertains to learning goals may be most important. As we have emphasized in this review,

these general education findings support our assertion that in order for research results to

be interpreted and meaningfully integrated, SBME investigators must present specific

details regarding the nature, quality, complexity, and other features of the feedback pro-

vided to learners.

Within the medical education literature, a BEME review focused on assessment,

feedback and clinical performance identified 13 previous feedback reviews as of 2003

(Veloski et al. 2006). None of these provided quantitative synthesis of the impact of

feedback on performance, which we have been able to demonstrate within the SBME

feedback for procedural skills literature.

Alternatively, several narrative reviews provide insights into feedback that are com-

plementary to those in this review. In a ‘state-of-the-science’ article on effective feedback

for health professional education, Archer provides a framework for feedback that inves-

tigators can use to describe key features of a feedback intervention, including focusing on

the provision of feedback (type, structure and timing), the influence of the recipient (their

receptivity to feedback and self-assessment capability and goal-setting) and the impacts of

feedback on the learner and the organization (Archer 2010). While Archer is not pre-

scriptive about how best to provide feedback, the emphasis on all of these elements echoes

our own findings regarding some of the limitations of the primary studies reviewed here.

Focused more specifically on SBME, our results provide quantitative evidence in

support of previous qualitative reviews that have identified feedback as an important

instructional design feature (Issenberg et al. 2005; McGaghie et al. 2010). In addition to

quantitative data, we add a more refined focus for researchers interested in feedback,

particularly an emphasis on the timing of the message and its source.

R. Hatala et al.

123



Implications for practice and future research

The current review emphasizes what has often been stated without firm empiric support:

feedback is effective for procedural skills training. Moreover, when teaching novice

learners, the use of terminal feedback and a reduced frequency of feedback lead to

effective learning and this aligns with much of the motor learning literature (Wulf and

Shea 2004). Multiple sources of feedback, which typically include instructor feedback, also

appear beneficial in the short-term but studies that confirm this by measuring long-term

outcomes are necessary. Although our review focused exclusively on SBME procedural-

skills training, it seems plausible that our results will generalize to patient-based proce-

dural-skills training (Zendejas et al. 2013).

This area is ripe for well-designed qualitative and quantitative studies examining the

optimal instructional design features for feedback in SBME procedural skills training. To

date, many feedback studies lack a theoretical framework, making it difficult to ascertain

how feedback may be operant. We need to draw on key theories from other disciplines,

most notably motor learning, to see if and how they apply to SBME procedural skills.

Among the theories with insufficient evidence to derive conclusions in this review, the role

of augmented feedback and the influence of feedback on attention and motivation seem

particularly promising as does the examination of cognitive load theory. Studies are needed

with more advanced learners and more complex procedural skills, as some theories suggest

that these factors may influence the mechanisms of feedback (Wulf and Shea 2004).

Finally, it is important to examine learning effects using delayed retention tests, as what

appear to be weaker immediate learning gains can translate into better long-term learning

outcomes, as was demonstrated in the concurrent versus terminal feedback studies. Ulti-

mately, new studies building upon the evidence summarized in this review will deepen our

understanding of how best to use feedback in SBME procedural skills training and elu-

cidate further how it works, for whom and in what circumstances.
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