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OBJECTIVE. To develop a written practical examination and
scoring system for assessing trainee skills in basic soft-tissue
techniques.

DESIGN. A brief written practical examination was developed
to assess the ability of trainees to sketch preoperative plans and
postoperative results for common soft-tissue techniques:
simple-excision, M-plasty, geometric broken line closure,
Z-plasty, V-to-Y flap, and rhombic flap. A scoring system was
developed to assign 0 to 5 points to each of 10 items on the exam-
ination for a total score of 0–50. The 15-minute examination was
administered as a pretest, posttest, and 3-month posttest assess-
ment as part of a soft-tissue course at our institution.

SETTING. University of Minnesota, Otolaryngology Department.

RESULTS. Three raters reviewed all examination answer sheets
ndependently. The pretest scores of examinees correlated
trongly with their level of training; the average pretest for ju-
ior residents (PGY 1-2) compared with senior residents (PGY
-5) was 17.3 (of 50) versus 26.0 (p � 0.01). The scoring
ystem showed a high intrarater reliability and high interrater
eliability with correlation coefficients of r � 0.99 and r � 0.95,
espectively and agreement coefficients of � � 0.82 and � �
.77, respectively.

CONCLUSION. This written practical examination and scor-
ing system may be used to assess the skills of trainees accurately
in basic soft tissue techniques and to expose areas of deficiency
that can be addressed in future training sessions. (J Surg 68:
178-184. © 2011 Association of Program Directors in Surgery.
Published by Elsevier Inc. All rights reserved.)
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INTRODUCTION

A variety of factors in the past decade has contributed to an
increased interest in the development of objective measures to
assess the technical skills of surgical trainees. Because of duty-
hour regulations, the available hours for a surgical trainee to
acquire technical skills has been concentrated, if not truncated.
Indeed, in the United Kingdom, some have reported that sur-
gical case numbers for trainees have been nearly halved.1 Sig-

ificant attention has thus been turned to the development of
ummative evaluations of surgical trainees for certification and
ecertification. Some have developed objective assessments of
echnical skills (OSATS) to select successful surgical trainees
mong applicants for subsequent surgical training.2,3 There is

also interest in the development of objective assessment tools
that may be used for formative evaluations of trainees, to assess
trainee progress and need for remediation.4

OSATS have been well described to assess trainee skills in
basic soft tissue techniques, such as suturing, knot tying, exci-
sion of a lesion, performing a Z-plasty, or harvesting a skin
graft.2,5-7 Significantly less attention has been spent on assessing
trainee skills in preoperative planning.

Although the technical skills, dexterity, and proper naming
and use of instruments is essential to surgery, we agree with
previous authors who have highlighted the importance of pre-
operative planning as the cornerstone to the successful execu-
tion of basic soft tissue techniques. In their description of a
novel method for teaching basic skin flaps, Dinsmore and
North8 highlighted eloquently the importance of surgical plan-
ning in the execution of basic skin flaps. The manual dexterity
required to complete the technical skills involved in skin flaps
should be expected to improve throughout surgical training and

may indeed have a ceiling effect by years 3–4 of training.9
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practic
However, the preoperative planning for the successful applica-
tion of these basic soft tissue techniques involves complex rea-
soning and 3-dimensional mental reconstruction. An under-
standing of the basic geometry of these flaps or excision
techniques is foundational to the subsequent understanding
and application of these techniques. An assessment tool is
needed that can focus specifically on a trainee’s understanding
of these techniques at this basic, 2-dimensional geometry level.

The disadvantage of currently described OSATS for basic skin
flaps and scar revision techniques is that they are time consuming
and are not designed to isolate preoperative planning. These exam-
inations most often require that an expert observe the examinee

FIG. 1. Written
either in real time or via video. In contrast, a written, practical
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examination would allow for an expert to rate the examination at
another time and would provide subsequent standardization of the
test administration. Because such an examination would require
minimal time per question, many different techniques may be
tested and still allow for completion in a relatively short amount of
time for both the examinee and the expert rater.

Our goal is to develop a written, practical examination and
scoring system that can be used to assess trainees’ ability to design
2-dimensional preoperative plans and postoperative results for ba-
sic skin flaps and scar revision techniques. Such a tool has applica-
bility for surgical trainees of all fields, especially general surgery,
plastic surgery, and facial plastic surgery, as well as for primary care

al examination.
trainees learning to perform minor surgical procedures.
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METHODS
A brief written practical examination was developed to assess the
ability of trainees to sketch preoperative plans and postoperative
results for common soft-tissue techniques: simple-excision of a le-
sion, M-plasty, geometric broken line closure, Z-plasty, V-to-Y
flap, and rhombic flap. Institutional Review Board exemption was
confirmed for administration of this examination in conjunction
with a soft tissue course at our institution, which is offered every 3
years. The 2-page examination is shown in Fig. 1.

The 1-day course, which is offered every 3 years, consisted of

FIG. 1
a morning of lectures and an afternoon of practical laboratory

80 Journal o
time. Lecture topics included wound healing, wound repair,
local anesthesia, suture selection, local flaps, and scar revision.
The laboratory component was divided into 2 parts: (1) a por-
cine foot simulation portion to practice basic suture technique,
Z-plasty, rhombic flap, geometric broken line closure, and bi-
lobed flap, and (2) a cadeveric simulation portion to practice the
repair of forehead defects, nasal defects, cheek defects, and lip
defects.

Participants in the course were asked to complete a precourse
examination and an identical postcourse examination, and they

inued.)
were later asked to complete an identical 3-month follow-up
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examination. Each examination consisted of a separate cover
sheet with the trainee’s name, institution affiliation, and year of
training. These cover sheets were separated from the answer
sheets and matched with a unique identifier to the answer sheets
to maintain anonymity.

As shown in Fig. 1, the examination consisted of 6 different
tasks, 4 of which had 2 parts, for a total of 10 items. After each
task, the examinee is asked, “How confident would you feel in
teaching this skill to a junior resident or medical student?” with
a Likert scale response from 1 (not at all confident) to 5 (very
confident).

A scoring system was developed to assign 0 to 5 points to each
of the 10 items on the examination for a total score of 0–50.
The scoring system is shown in Table 1.

An answer key was developed by two of the raters to deter-
mine the correct appearance of a full credit response for each of
the 10 items. This answer key is shown in Fig. 2. Particular
clarifications were made to the scoring system before rating, as
follows:

• Full credit (5 points) should be given for geometric broken
line closure only if the terminal ends of the planned excision
will close easily.

• Full credit (5 points) should be given for a Z-plasty only if the
lesion is excised and the limbs of the flap are of adequate
length.

• Full credit (5 points) may be given for the rhombic flap if
drawn as shown on the key or oriented with any of the sides
of the rhomboid parallel to RSTLs.

Three raters reviewed all precourse and postcourse examina-
tions independently; the raters included 1 otolaryngology resi-
dent (N.J.), 1 facial plastic and reconstructive surgery fellow
(E.J.D.), and 1 facial plastic and reconstructive surgery faculty
member (H.S.D.), none of whom participated as examinees.
The facial plastic surgery faculty member (H.S.D.) had not
participated in the design of the examination or scoring system.
Using the unique identifier on each answer sheet, raters were
blinded to the name of the examinee, year in training, and
whether the examination was completed precourse or post-

TABLE 1. The 5-Point Scoring System

Score* Description of Answer

0 No attempt made to answer question
1 Major deviation from ideal flap design (incorrect

flap design and incorrect orientation)
2 Intermediate between 1 and 3
3 Moderate deviation from ideal flap design

(incorrect flap design or incorrect orientation)
4 Intermediate between 3 and 5
5 Ideal flap design (correct flap design and correct

flap orientation)
*For questions with an “a” and “b” section, incorrect orientation of the flap
should only be penalized on the “a” section if the orientation is maintained
for the “b” section.
course. Additionally, 1 rater (N.J.) reviewed precourse and f
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postcourse examinations a second time to evaluate intrarater
reliability and also reviewed independently the 3-month post-
course examinations.

Statistical Analysis

A comparison of the results of precourse scores between junior
residents (PGY-1&2) and senior residents (PGY-3&4) was per-
formed using an independent-group T-test. A comparison of
precourse, postcourse, and 3-month postcourse results was
made with an independent-group T-test.

Intrarater reliability was evaluated using Pearson’s correla-
tion, linear weighted kappa, percentage of complete agreement
between ratings, and percentage of agreement within 1 point
between ratings. Interrater reliability was evaluated using intra-
class correlation (ICC), average of linear weighted kappa coef-
ficient, percentage of complete agreement between raters, and
percentage of agreement within 1 point of the mean between
raters. The average linear kappa was calculated by averaging the
results of the linear weighted kappa for each of the 3 possible
pairs of raters.

RESULTS

A total of 20 otolaryngology residents (18 from the University
of Minnesota and 2 from the Mayo Clinic) and 1 plastic surgery
fellow (from the University of Minnesota) participated in this
study as examinees. In all, 16 of the 20 residents completed
both precourse and postcourse examinations. Fourteen resi-
dents completed the 3-month postcourse examinations. Over-
all, 11 residents completed all 3 examinations. A total of 37
examination answer sheets were reviewed by all 3 raters and
were reviewed a second time by 1 rater.

The average pretest score for all residents was 22.4 of 50. This
score improved significantly to a posttest average of 39.1 (p �
.0001). At 3 months, the average score was 39.4 (Fig. 3).
A statistically significant improvement was found in the re-

orted confidence in the ability to teach the each skill between
he precourse examination and the postcourse examination (p �
.05 for all questions). When averaged together, it is clear that
he reported confidence in teaching the skill parallels the objec-
ive improvement in examination scores during that same time
eriod.
Average pretest for junior residents (PGY 1–2) compared

ith senior residents (PGY 4–5) was 17.3 (of 50) versus 26.0 (p �
0.008). After taking the course, the scores for junior residents
significantly exceeded pretest scores for senior residents, 37.6
versus 26.0 (p � 0.002).

A total of 37 examinations was used for intrarater and inter-
rater reliability. When the examination scores were summed for
a total of 50 points, the average difference between the intra-
rater repeated ratings was 2.1 points out of 50. This showed a
correlation coefficient of r � 0.99 and an agreement coefficient
f � � 0.82. When viewed by question, correlation ranged

rom r � 0.87 to r � 1.0 (Table 2).
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When examination scores are summed for a total of 50,
points, the interrater reliability was high, with an ICC of r �
0.95 and � � 0.77. When viewed across all questions, 87% of
he time, all 3 raters either agreed on the same score from 0–5 or
wo raters agreed and the third was within 1 point. A break-
own of this agreement per question is shown in Table 2.

DISCUSSION

This written examination and scoring system can be used to
assess objectively areas of weakness in current trainee ability. It

FIGURE 2. Answer key showin
may also be used to assess objectively what trainees have learned

182 Journal o
after an intervention, such as a course, and what they retain
from this learning at a later date. Such an objective assessment
tool could be used to determine which training methods are
best at teaching particular skills when the interventions are
given in parallel or in comparison with a control group.

Validity

In the future, decisions regarding a trainee’s progress or a surgeon’s
certification may rest on the design of objective assessment tools
and scoring systems; however, determining whether an examina-

t answers needed for full credit.
tion and scoring system is valid is complex. A helpful review of

f Surgical Education • Volume 68/Number 3 • May/June 2011



a

m
a
b
r
a
s

p

i
t
w
m
m
4
d
u
u
a
o
r

t

J

applying rigorous scientific methods to the design of objective as-
sessment tools in surgical education has been presented by Gal-
lagher et al.10 Validity involves determining that a particular test is

reliable, consistent measure of what one wishes to measure.
The purpose of this examination and scoring system is to
easure objectively a trainee’s ability to demonstrate and

pply their understanding of the 2-dimensional geometry of
asic soft tissue techniques. One would expect that senior
esidents would be more skilled at this than junior residents,
nd indeed, this examination and scoring system can detect
uch differences.

The reliability of the scoring system is shown in Table 2. The
resentation of reliability data has the potential to be deceptive

FIGURE 3. Total examination score. Distribution of scores at each ex-
amination administration period: precourse, postcourse, and 3 months
postcourse.

TABLE 2. Intrarater Reliability and Interrater Reliability

IntraRater Reliability

Question Pearson (r) Kappa (�)
Percent
Exact

Q1 0.99 0.97 97
Q2A 0.97 0.93 89
Q2B 1 0.99 97
Q3 0.94 0.86 81
Q4A 0.94 0.79 70
Q4B 0.94 0.81 68
Q5A 0.96 0.89 84
Q5B 0.87 0.61 51
Q6A 0.97 0.88 76
Q6B 0.96 0.86 73
Total score 0.99 0.82 —
ICC, intraclass correlation coefficient.

Percent Exact � Percent of absolute agreement between raters. Percent

han 1 point.

ournal of Surgical Education • Volume 68/Number 3 • May/June 20
f one presents measurements of correlation, which measures
he consistency of ratings, without discussing concordance,
hich represents agreement between ratings. Concordance
easurements used for interrater reliability are unforgiving for
inor disagreements between raters, such as giving a score of

/5 versus 5/5 for a given item. This can be corrected to some
egree by using linear weighting, such as Cohen’s kappa as was
sed here. For most purposes, what one wants to know when
sing a Likert scoring system is how often are raters in exact
greement or in near agreement. We have chosen to present all
f these measures of reliability to avoid what can be a deceptive
epresentation if only one is presented.

The intrarater reliability overall was high, with � � 0.8 for
total examination score and � 0.8 for 8 of the 10 individual
questions. The interrater reliability overall was also high with r �
0.95 and � � 0.77. Agreement within 1 point occurred 87% of
the time when all questions are grouped. However, from Table
2, it can be observed that the reliability can be improved upon
on particular questions, such as questions 3, 4a, and 5a. When
this is the case, subsequent iterations of the examination will
require that reviewers should make minor modifications of the
scoring system for particular items or that the instructions for
these questions should be better clarified.

Limitations and Future Directions

A weakness of this study is that the same examination was used
for the precourse examination, postcourse examination, and
3-month postcourse examination. Although this design allowed
us to standardize the comparison of particular test items more
easily, it may have enabled some trainees to demonstrate mas-
tery of a skill on a particular test question without having mas-
tery of the skill in general. In the future, this can be avoided if
more test questions are designed for each testable skill, and these
questions are used interchangeably. This will require validation

Interrater Reliability

rcent
hin 1 ICC (r) Kappa (�)

Percent
Exact

Percent
within 1

00 0.87 0.82 73 100
95 0.95 0.86 78 89
00 0.97 0.92 92 95
97 0.84 0.63 68 86
00 0.8 0.64 68 92
95 0.91 0.77 57 89
97 0.66 0.43 47 58
95 0.85 0.72 92 94
00 0.87 0.71 41 86
95 0.88 0.76 65 78
— 0.95 0.77 — —

� Percent of evaluations for which the raters’ scores differed by no more
Pe
wit

1

1

1

1

within 1
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of each of these new items and determination of the relative
difficulty of each of the interchangeable items.

Future directions may also include application of this scoring
system to more difficult written questions, such as designing
local flaps and scar revision techniques that can be drawn on
standardized preoperative photographs. This scoring system
may also be used as a component of other assessment tools; that
is, it may be used to assess the preoperative plans for basic soft
tissue techniques that a trainee then performs as part of a bench
examination or an OSATS.

Thus, although the examination presented here may be used
“as is,” it is not intended solely for this purpose. It is offered here
as an example of what can be done in a written, practical exam-
ination to objectively assess trainee skills in designing basic flaps
and scar revision techniques.

CONCLUSIONS

The ability to design and execute basic skin flaps and scar revi-
sion techniques is essential to surgeons of all specialties. A thor-
ough understanding of the geometry of these flaps is needed
before one can apply these skills successfully to address the
needs of a particular patient.

As a written examination, this objective assessment tool is far
more efficient to administer and to grade than bench examina-
tions and has the advantage of being able to isolate preoperative
planning and flap design skills. The scoring system has been
shown to have high intrarater and interrater reliability.

This written, practical examination and scoring system can
be used to assess objectively the skills of trainees in basic soft
tissue techniques and can be used to expose areas of deficiency
that can be addressed in future training sessions.
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