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OBJECTIVE: Item response theory (IRT) was originally
developed to make performance assessments more accu-
rate. However, IRT analysis of the intraoperative perfor-
mance of surgical trainees could help identify the
elements that the trainees find difficult during the skill
acquisition process. The aim of this study was to identify
the essential portions of the skill acquisition process of a
surgical procedure using the IRT.

DESIGN: The 24-item assessment checklist was used to
evaluate a recorded intra-operative performance of a lap-
aroscopic inguinal hernia repair. The scores were ana-
lyzed using IRT to calculate the difficulty and
discrimination level of each item.

SETTING: Fifteen institutes.
PARTICIPANTS: Thirty surgical trainees.

RESULTS: A total of 123 assessments were analyzed. The
item analysis showed the procedure specific item
“traction of peritoneum (difficulty: —0.45; discrimination:
19.37)” and generic items “instrument handling (diffi-
culty: —0.59; discrimination: 3.82)” and “flow of proce-
dure (difficulty: 0.09; discrimination: 3.27)” to be key
elements in the skill acquisition process of the procedure.

CONCLUSIONS: Key elements in the skill acquisition
process of the procedure were quantitatively identified
by applying the IRT analysis. This could lead to the use
of IRT in designing and developing a more effective
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INTRODUCTION

In the field of education, most of the examinations we
undertake utilize the classical test theory and assess our
knowledge level using the total sum of equally weighted
questions regardless of their difficulty. This method how-
ever fails to reward the examinee who answers difficult
questions over the examinee who answers easier questions.
Especially for high stake examinations, the educators, have
looked at ways to make the assessment process more accu-
rate and effective. Item Response Theory (IRT) is an
advanced statistical analysis model often used for this pur-
pose. The Rasch model, is known as a basic IRT model to
measure the difficulty parameter of each question. It is then
used to give each question its appropriate weight, so that
the difficult questions have more marks, thus rewarding
the examinees who answer difficult questions over the
examinees who answer easier question so that the total
marks appropriately reflect the examinees ability.'
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However, difficulty alone is not enough to accurately deter-
mine the ability of the examinee. Some difficult questions
can be easily answered by the examinees with lower ability
and vice versa. All the questions have various ability to dis-
criminate between the level of the examinees. Knowledge
of the question with higher ability to discriminate between
the ability is important to be able to correctly determine
the examinees ability. Several new advanced IRT models
have been developed over the past few decades considers
these factors of difficulty, discrimination ability and also the
effect of guessing, in order to overcome the limitations of
classic test theory and make the testing process more accu-
rate.” They are currently being used for high-stake examina-
tions such as the Test of English as a Foreign Language and
the Graduate Management Admission Test.”

IRT has also been introduced into the field of medical
education, mostly to make the examination process
(e.g., medical council qualifying exams) more concise
and accurate.”"® IRT has also been used to recalibrate
various assessment scales or optimize the number of
questions in existing questionnaires to increase effi-
ciency.”'" Although IRT has been used in several fields,
applications of IRT in assessing clinical skills are limited.
Use of IRT can help optimize the interpretation of a per-
formance assessment by calculating calibrated scores
based on the difficulty level and discrimination power of
each item.” IRT was recently used to calculate the cali-
brated scores of the Global Operative Assessment of Lap-
aroscopic Skills (GOALS) assessment of laparoscopic
procedures such as cholecystectomy, abdominal hernia
repair, and colorectal surgery.'” The original GOALS
scores were given by the trained raters assessing the lap-
aroscopic skills in the operation room as the simple sum
of the equally weighted scores in 5 domains. IRT cali-
brated GOALS scores were able to discriminate the dif-
ference in ability of the surgeons who had same original
score, suggesting IRT calibrated scores had greater
assessment precision.

IRT is yet to be used for the analysis of a procedure-
specific assessment tool. By applying IRT to a proce-
dure-specific assessment tool, we can obtain data on
the difficulty level and discrimination power of each
element of the procedure. This can provide insights
into the skill acquisition process by identifying the
essential elements of the procedure. This could furnish
meaningful guidance in the process of designing and
developing a procedure-specific training curriculum.

The laparoscopic transabdominal preperitoneal (TAPP)
inguinal hernia repair was chosen for this study as it is one
of the basic procedures performed by surgical trainees. For
the assessment of this procedure, a detailed checklist-type
assessment tool has been developed and validity evidence
collected using recorded performance.'” The aim of this
study was to identify the essential portions of the skill

acquisition process of TAPP procedure by analyzing the
TAPP checklist assessment scores using IRT.

METHODS

In this prospective study, we used the video recordings
of the intraoperative performance of laparoscopic TAPP
inguinal hernia repair by surgical trainees from multiple
institutes. Video recordings from the laparoscopic feed
without audio were evaluated using the TAPP check-
list'> by blinded raters. All the raters were previously
trained in video assessment using the TAPP checklist.

Procedure Specific Assessment Tool: “The TAPP
Checklist”

The TAPP checklist divides the TAPP procedure into 18
procedure-specific and 6 generic items (Fig. 1). The per-
formance score was estimated as the sum of the scores
of each equally weighted item.'® Each item was given a
score of 1 if the surgeons fulfilled the requirement for
that item or O if the requirement was not adequately ful-
filled. The ability of the surgeon was determined by the
total score with higher score indicating better ability.
This assessment tool showed good inter-rater reliability
among the blinded video raters and the scores correlated
with the experience of the surgeons.'”

Statistical Analysis

The TAPP checklist scores collected were analyzed
using the 2-parameter logistic model of IRT. This model
estimates difficulty and discrimination scores for each of
the 24 items on the TAPP checklist. To apply IRT, the
data need to meet the assumption of unidimensionality
and local independence.” Unidimensionality is the mea-
sure of whether the items in the checklist evaluate just 1
item in common. Dimensionality of the data was investi-
gated using polychoric correlations between the items
and calculating the eigenvalue of various dimensions of
this correlation matrix. A large eigenvalue for first
dimension and smaller values for other dimensions indi-
cate unidimensionality of the data. Local independence
is the measure of whether each item can independently
assess the level of the trainee. It was determined by cal-
culating the residual correlations. Low correlation
between the residual of each item indicates that the
items are not dependent on each other.

In IRT, the latent ability of the subject is commonly
reported on a scale of —4 to 4."'” The difficulty score of an
item is defined as the latent ability score of the subject
who has 50% probability of successfully fulfilling the
defined requirement, in this case receiving 1 on that item.
Subjects require higher latent ability (surgical skill in our
case) for a high probability of scoring on items that have a
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FIGURE 1. Relafionship between difficulty and discrimination of each item.

Dotted line represents the median and the shaded area represents the interquartile range.

The numbers indicate the following items of the TAPP Checklist.

Trocar Insertion: 1. view; Incision of Peritoneum: 3. starting point; Creation of Dissection Space; 4. sfart of dissection, 5. layer of dissection, . traction of
the peritoneum; Pariefalization: 7. safe dissection; Reduction of Hemia Sac: 8. reduction; Extent of Dissection: 9. medial dissection, 10. ventral dissection,
11. lateral dissection, 12. dorsal dissection; Mesh Deployment: 13. size, 14. position, 15. stretching, 16. fixation; Suture of Peritoneum: 17. needle move-
ment, 18. suture final appearance; Overall (generic item): 19. Energy device, 20. Bleeding, 21. Instrument handling, 22. Tissue handling, 23. Flow of proce-

dure, 24. Operation fime.

greater difficulty score. Difficulty being a relative item, dif-
ficulty scores of each item of the checklist were ranked to
determine the most difficult and easiest item in the check-
list regardless of their value. Slope parameter is used to
calculate the discrimination power of each item. An item
with high discrimination value has a greater capability to
distinguish between the skill levels. Items with a steep
slope require relatively less incremental change in the
trainee’s ability to increase the probability of scoring on
that item. For the purpose of this study, essential items
were purposively defined as items with both high diffi-
culty score and discrimination power.

Data are presented as median [interquartile range]. All
statistical analyses were performed using JMP version 11
(SAS Institute Inc, Cary, North Carolina) or SAS software
version 9.4 (SAS Institute Inc, Cary, North Carolina).

RESULTS

Thirty trainees from 15 institutes underwent the assess-
ment using the TAPP checklist (a median of post graduate
year: 4 [3; 8]). A total of 123 TAPP checklist scores were
used for the analysis with a median total score of 21 [18;
23], and overall scores ranging from 5 to 24.

The item “trocar position” showed strong negative
correlations with 7 other items on the checklist. The
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eigenvalue of the second dimension was large (4.49),
indicating multidimensionality of the data. However,
when we reanalyzed the data without the item “trocar
position,” the eigenvalue of the second dimension
decreased. The assumption of unidimensionality was
met by eliminating the “trocar position” data. Further
IRT analysis was performed without the data of the item
“trocar position.” The residual correlations of the data
were low, with a median of —0.016 [—0.109; 0.070].
This showed the local independence of our data.

The item difficulty and item discrimination parameters
for each of the TAPP checklist items are shown in Table 1.
The median difficulty score was —1.97 [—2.3; —0.7] and
the median discrimination score was 1.31 [0.99; 1.88].
The item analysis showed that “traction of the peri-
toneum” had the highest discrimination with a score of
19.37, followed by “instrument handling” (3.82) and
“flow of the procedure” (3.27). On the difficulty scale,
“operation time” was the most difficult item with a score
of 0.44, followed by “flow of the procedure” (0.09) and
“traction of peritoneum” (—0.45).

The relationship between difficulty and discrimination
scores of each item is illustrated in Figure 1. “Traction of
peritoneum,” “instrument handling,” “flow of the
procedure,” “layer of dissection,” and “tissue handling”
carried higher scores for both difficulty as well as dis-
crimination power.
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TABLE 1. ltem Analysis of All the ltems of the TAPP Checklist

Item Difficulty Discrimination

Procedure-specific items
Trocar insertion

1. View -2.61 1.00

2. Position* - -
Incision of peritoneum

3. Starting point —2.44 1.40
Creation of dissection space

4. Start of dissection -2.20 1.23

5. Layer of dissection’ - =067 2.58

6. Traction of the peritoneum’  —0.45 19.37
Parietalization

7. Safe dissection -2.15 0.93
Reduction of Hernia Sac

8. Reduction -2.34 1.51
Extent of dissection

9. Medial dissection -1.05 1.06

10. Ventral Dissection -1.26 0.99

11. Lateral dissection -2.01 1.33

12. Dorsal dissection —2.68 0.73
Mesh deployment

13. Size -2.54 1.42

14. Position —1.88 0.64

15. Stretching -1.89 0.55

16. Fixation -2.57 0.67
Suture of peritoneum

17. Needle movement -2.30 1.31

18. Suture final appearance -1.97 1.00
Overall (generic item)

19. Energy device -2.13 1.88

20. Bleeding -1.15 1.21

21. Instrument handling’ -0.59 3.82

22. Tissue handling” -0.70 2.35

23. Flow of procedure’ 0.09 3.27

24. Operation time 0.44 1.38

* Omitted for the unidimentiality of the dafa.
TEssential items.

DISCUSSION

This study identified the key elements of the skill acquisi-
tion process of the TAPP procedure by applying IRT. Based
on the IRT analysis, procedure-specific items “traction of
peritoneum,” and “layer of dissection,” and generic items
“instrument handling,” “flow of the procedure,” and
“tissue handling” were identified as the essential elements
of the skill acquisition process of the TAPP procedure for
trainees. To the best of our knowledge, this was the first
attempt to sample key items from the procedure-specific
performance assessment tool by applying IRT. These find-
ings could help educators better understand the portions
of the procedure that needs to be focused on when design-
ing and developing the curriculum for the training of the
TAPP procedure.

Contrary to our expectations, out of the 5 items that
were identified to be essential in this study, 3 were
generic items, which means the item is not assessed

during one specific part of the procedure, but during
the whole procedure. Even “traction of the peritoneum”
and “layer of dissection,” 2 procedure-specific items that
were selected, are generic in nature. This could be
because, in this study, the TAPP procedure was mostly
performed by laparoscopy inexperienced trainees in a
controlled environment. Although they were able to
get through the cognitive aspects of the procedures
with the help of either various learning tools or their
instructors, they found it difficult to overcome their lack
of technical expertise. These data support the need for
additional training in laparoscopic skills for the trainees
outside of the operation room.

One of the main advantages of IRT analysis is that it
can calculate both the difficulty level and discrimination
power of the items simultaneously. Other methodolo-
gies of item analysis can only determine either item diffi-
culty or item discrimination. However, the relationship
between the data for item difficulty and item discrimina-
tion was significant in determining if the item was truly
essential in the skill acquisition process. In our study,
taking TAPP procedure as an example, a generic item
“operation time,” or being able to finish the procedure
within the cut-off time, was the most difficult item
(0.44). However, it had a relatively low discrimination
power (1.38); this means that, while it is a hard item, fin-
ishing a procedure within the cut-off time does not nec-
essarily mean that the subject has a higher ability. There
were still several subjects with lower performance levels
who were able to finish the procedure within the cut-off
time. On the other hand, while a procedure-specific
item “traction of the peritoneum” is the third most diffi-
cult item (—0.45) on the list, it also has high discrimina-
tion power (19.37). A trainee scoring on this item was
more likely to have a latent ability score of —0.45 or
greater, than the ones who did not score on this.
“Traction of peritoneum” has a very high discrimination
power and is a key item to discriminate the skills being
measured.

In the process of data analysis, “trocar position”
showed negative correlations with a number of items,
affecting the dimensionality of the data. We used only
intraoperative video assessment for “trocar position”
in this study, and assessment of the item was mainly
by assumption of the trocar location based on the
angle in which the instrument came into the surgical
field. This analysis showed us that, while the trocar
position might be an important item for the inexperi-
enced trainees to understand the procedure as a
whole and to receive formative feedback, its role as an
assessment item is limited.

In the development of the surgical curriculum, signifi-
cant aspects to be focused on are intuitively determined
based on the opinion of an expert panel, or in some cases
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from the learners’ perspective. Attempts have been made
to make this process less subjective using consensus
building techniques such as the Delphi method.'*'® How-
ever, these methodologies are based on individual opin-
ions and still have some degree of subjectivity. To obtain
truly objective data from the learners, the curriculum
should be designed by logically analyzing the perfor-
mance data. Analyzing the assessments of the trainees
using IRT identifies the challenging areas where most
trainees struggle during the skill acquisition process. Tak-
ing TAPP procedure as an example, with the data, we can
say that designing a curriculum that gives more impor-
tance to essential items like “traction of peritoneum” is
much more likely to help the trainees improve their over-
all performance than training them how to finish the pro-
cedure within the cut-off time. These results, however,
do not imply that the trainees need to focus only on
“traction of peritoneum” to master the TAPP procedure.
The trainees still need to understand the procedure as a
whole, as implied by another essential item “flow of the
procedure.” These results suggest that, while designing
an effective curriculum, more detailed information and
feedback should be given in these essential areas.

Assessment and feedback have become an integral part
of modern surgical education. The past decades have
seen the development of various procedure-specific
assessment tools.' ' Assessment tools when used as part
of the training, have played a vital role in developing the
technical skills of inexperienced trainees.'”*’ The intro-
duction of IRT can help this process in a number of ways.
The IRT data can recalibrate the assessment tool itself to
make it more accurate. Mathematical analysis of these
assessments can also provide deeper insight into the skill
acquisition process of these procedures. This could help
surgical educators to develop more practical educational
tools or curricula for specific procedures.

This study has several limitations. The trainees per-
formed the surgery in a controlled environment with
their instructor ready to takeover or prompt them if the
trainee’s performance was inadequate. We attempted to
minimize this effect by asking the participants to provide
us with the information on the portions where the
instructors had taken over. However, it was not always
possible to evaluate the impact of the intraoperative
teaching or prompting on the trainee’s performance. No
robust evidence exists to support an appropriate sample
size for applying the two-parameter logistic model of
IRT. Although we determined the important aspects in
the skill acquisition process of the TAPP procedure
using validated statistical methods, there is no gold stan-
dard or consensus on the required sample size for sup-
porting the analysis. We have not studied whether
focusing on these aspects will have an actual effect on
the training for TAPP procedure for the inexperienced

trainees, or whether it will improve the clinical outcome
of patients. This was out of the scope of the current
study and needs to be confirmed by further studies.

CONCLUSIONS

We analyzed the assessments of the recorded TAPP perfor-
mance using IRT. We identified procedure specific items
“traction of the peritoneum,” and “layer of dissection” and
generic items “instrument handling,” “flow of the
procedure,” and “tissue handling” as the essential portions
of the skill acquisition process of the TAPP procedure.
This could help educators deepen their understanding of
the skill acquisition process. The findings from this analysis
could contribute to the development of an efficient and
practical curriculum by facilitating skill acquisition.
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