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Introduction

Surgical tracheostomy training has long been one 
of the key elements of Otorhinolaryngology Head 
& Neck Surgery (OTO-HNS) residency programs. 
The tracheostomy prevails as one of the most 
common procedures performed in a hospital 
setting.1 OTO-HNS residents are considered the 
next generation of airway experts;2 thus, it is 
essential that they acquire training and mastery in 
the tracheostomy.

Currently, no structured tool exists that is tailored 
to assess resident tracheostomy skills in an 
intraoperative setting. At present, the residents 
perform the procedure under direct supervision of 
the attending consultant, and they are evaluated 
subjectively. The subjective analysis is prone to 
bias. A method for quantifying the performance of 
trainees would provide a more accurate judgment 
of their skills.3 Moreover, this type of assessment 
instrument could be utilized for identifying 

deficiencies in individual trainees or in the training 
program, and it could provide constructive 
feedback.4 In the long run, the tool could be utilized 
to upgrade the quality of the program.5

The Objective Structured Assessment of 
Technical Skills (OSATS) is a tool previously 
developed by Martin et al. in 1995.6 That instrument 
has been validated, modified, and successively 
tested for evaluating the skills of trainees in 
performing different surgical and gynecological 
procedures.7-13 In the field of otolaryngology, 
Marglani et al.14 and Obeid et al.15 successfully 
tested and adapted OSATS-based instruments for 
assessing otolaryngology residents in endoscopy 
and septoplasty skills. The present study aimed to 
develop another adaptation of the OSATS tool to 
assess resident skills in performing the tracheostomy 
in the operating room (OR). We named this 
adaptation the objective surgical tracheostomy 
skills (OSTS) tool. We also determined its validity, 
reliability, and feasibility as an assessment tool.
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assessment tool for surgical tracheostomy that was valid, reliable, and feasible.
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developed an objective structured tool specifically for assessing tracheostomy skills (OSTS). Our panel included 
Otorhinolaryngology Head & Neck Surgery faculty members, academic otolaryngologists, and medical education 
experts. To test the OSTS, 8 board certified otolaryngologists assessed 44 residents from 5-year residency programs in 
the operating theater, from July 2010 to May 2012, in three tertiary level academic institutions. Residents received 
constructive feedback after the assessments.
Results: The OSTS displayed good reliability, in terms of internal consistency (α = 0.761). Its validity was established 
based on significant improvement in senior resident scores compared to junior resident scores, assessed with an ANOVA 
(F = 5.31, p = 0.001). The tool also displayed an overall trend of score improvement with an individual’s advancement 
through each year of postgraduate training. The evaluators considered the OSTS easy to understand, complete, practical, 
and time-efficient, which established its face validity.
Conclusion: The OSTS is a valid, reliable tool for evaluating surgical competency of residents performing tracheostomy. 
It provided systematic and comprehensive feedback. The examiners and examinees both displayed positive attitudes 
towards the instrument.
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indicated a missed step in the procedure, and 5 
indicated a properly completed step.

Here, we designed the OSTS with input from a 
panel of OTO-HNS faculty members, academic 
otolaryngologists, otolarygology fellows, and 
experts in medical education. The panel selected 10 
components that were considered crucial for 
performing a tracheostomy accurately. The criteria 
were focused on both the knowledge and technical 
skill of the trainee.

To validate the OSTS, a total of 8 assessors 
(Saudi, Board certified otolaryngologists) evaluated 
44 residents in various levels of postgraduate 
training, from year 1 (R1) to year 5 (R5). The 
residents were observed as they performed a 
tracheostomy on a patient under general anesthesia 
in the OR. Each trainee was assessed objectively 

Materials and methods

Research ethics approval was obtained from the 
Institutional Review Board of King Saud University, 
Riyadh. Data were collected prospectively, in an 
observational study. Evaluations were performed at 
three tertiary academic institutions: King Fahad 
Medical City, the Military Hospital, and King 
Abdul-Aziz Medical City, in Riyadh, Kingdom of 
Saudi Arabia, from July 2010 to May 2012.

We developed an evaluation form (Figure 1) 
called the OSTS instrument. The OSTS was adapted 
from the OSATS, which targets a broad spectrum 
of surgical skills. The OSATS was originally 
developed and validated by Martin et al. to assess 
the surgical skills of residents.6 A 5-point Likert 
scale was used for evaluation, where a score of 1 

Figure 1
The objective surgical tracheostomy skills (OSTS) evaluation form
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levels 1 and 2 (juniors) to resident levels 3, 4, and 5 
(seniors). A comparison of the mean total scores 
showed a significant difference between senior and 
junior groups (Table 2).

Moreover, the mean scores calculated for each of 
the five residency levels revealed that the scores 
increased with advancement through each 
postgraduate year (Figure 2). Table 2 summarizes 
the scores achieved for each criterion by the junior 
and senior groups. The seniors obtained better 
scores than the juniors in each individual component 
of the assessment tool.

The evaluators considered the OSTS practical, 
and it consumed an average amount of time. On the 
basis of this feedback, we considered the instrument 
feasible. The residents felt that the assessment tool 
would improve their performance by highlighting 
specific areas of inadequacy. This information 
could be provided as feedback at the end of each 
evaluation.

Discussion

In the current study, we described a new, objective 
structured assessment tool for evaluating the skill 
of otolaryngology residents in performing a 
tracheostomy in the OR. This OSTS tool proved to 
be valid and reliable for assessing tracheostomy 
skills. Current evaluation methods are mostly 
subjective and retrospective. A summary assessment 
of overall performance throughout a rotation is 
provided for each resident at the completion of the 
rotation. These recall-based evaluations have 
shown poor reliability and validity.13 Another 
current method of trainee evaluation is based on the 
logbook. This method may not accurately measure 
operative ability, because it records the quantity, 
not the quality, of procedures performed. 9, 14 Ideally, 
the operative skills of a trainee should be assessed 
during the procedure, inside the OR.14

The reliability of the OSTS tool was based on the 
generalizability theory. Typically, a reliability of 
0.8 is desirable for the purposes of a high stakes 
examination, such as certification, which results in 
a pass/fail judgment.4,13 A reliability analysis of the 
current study demonstrated high internal 
consistency.

Construct validity refers to the degree to which 
the assessment, and the individual components of 
the assessment, test the professional constructs on 
which they are based.12 We determined construct 

with the OSTS by one evaluator from the same 
institution. Constructive feedback was provided at 
the end of each procedure.

SPSS version 19.0 was used for the data analysis. 
Statistical analysis was determined with the 
nonparametric Kolmogorov-Smirnov test of 
normality. The R1 and R2 residents were considered 
juniors, and R3-R5 residents were considered 
seniors. The OSTS scores of junior and senior 
residents were compared with the Mann-Whitney 
test and ANOVA. Internal consistency was 
measured with Cronbach’s Alpha. A p-value less 
than 0.05 was considered statistically significant.

Results

A total of 44 residents from 5 residency levels were 
evaluated as they performed a surgical tracheostomy. 
All 44 assessments were completed. The majority 
of participating residents were at level R4 (31.8%) 
and R3 (29.5%) (Table 1). The instrument was 
tested for reliability, construct validity, and 
feasibility.

Reliability

The OSTS was evaluated for its reliability in 
assessing tracheostomy skills by calculating the 
Cronbach’s alpha. The reliability index was high 
(0.761) for the entire list of items evaluated. Thus, 
it had good reliability.

Construct Validity

Construct validity was calculated with an ANOVA. 
Based on the calculated ANOVA (F = 5.31, 
p = 0.001), we found a consistent effect of the 
residency year on the score attained. The residents 
gained experience as they graduated from resident 

Table 1
Junior (R1, R2) and senior (R3-R5) residents evaluated with 

the Objective Surgical Tracheostomy Skills (OSTS) tool

Postgraduate
level

Residents in each group, N (%)

R1 4 (9.1)
R2 8 (18.2)
R3 13 (29.5)
R4 14 (31.8)
R5 5 (11.4)
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the acquisition of technical skills.13 In the present 
study, after each assessment, the examinees felt 
that the OSTS instrument was helpful in providing 

validity by comparing mean total OSTS scores 
between junior and senior resident groups. The 
senior residents performed significantly better than 
the junior residents. Marglani et al.,14 Obeid et al.,15 
and Aggarwal et al.16 had applied this same method 
to demonstrate the construct validity of their 
assessment tools. On the other hand, in a recent 
study conducted in 2011, Hiemstra and colleagues 
adapted an unconventional method for 
demonstrating validity; they showed that a 
resident’s OSATS score improved as procedure-
specific experience accrued.17

In the present study, the assessors displayed a 
positive attitude towards the OSTS and its 
feasibility. They found the instrument easy to 
understand, complete, practical, and time efficient; 
thus, the face validity was established. 

An important aspect of the validity of an 
assessment is its consequential validity, or 
educational impact.12  In 2002, Wanzel et al. 
observed that expert feedback played a vital role in 

Table 2
Comparison of junior (R1-R2) and senior (R3-R4) resident scores for different procedural steps

Procedural Steps Resident level Mean 
Score

Score 
Range

P-value

1-General knowledge of the patient: identified patient; checked indications 
for surgery; checked consent

R1 – R2 4.67 3-5
0.304R3 – R5 4.47 1-5

2-Patient positioning R1 – R2 4.50 3-5
0.822R3 – R5 4.53 1-5

3-Identified landmarks pre-op and intra-op R1 – R2 3.92 2-5
0.148R3 – R5 4.41 3-5

4-Identified planes properly R1 – R2 3.67 3-5
0.010R3 – R5 4.37 3-5

5-Identified tracheal rings correctly R1 – R2 3.75 3-5
0.001R3 – R5 4.58 1-5

6-Alerted anesthesia prior to tracheal incision; checked fio2; alerted 
anesthesia when using cauterization after tracheal incision

R1 – R2 3.83 1-5
0.211R3 – R5 4.28 1-5

7-Maintained a dry field R1 – R2 4.00 3-5
0.136R3 – R5 4.41 3-5

8-Checked cauterization parameters and adjusted accordingly R1 – R2 3.08 1-5
0.001R3 – R5 4.44 3-5

9-Checked size of tracheal tube; inflated and checked integrity of the 
balloon / tube

R1 – R2 4.25 1-5
0.073R3 – R5 4.91 3-5

10-Outlined post-op orders clearly and appropriately R1 – R2 5.00 5-5
0.540R3 – R5 4.94 3-5

Total scores R1 – R2 40.90 31-49 0.012
R3 – R5 44.90 41-50

Figure 2
The minimum, maximum, and mean total scores from the 
Objective Surgical Tracheostomy Skills (OSTS) test, according 
to resident training level.
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immediate, formative feedback on their 
performance. This feedback, in turn, helped them 
determine their areas of weakness, and what steps 
needed to be reinforced the next time they performed 
the same surgical procedure. Some authors have 
suggested that a video recording of the procedures 
performed by the trainees would provide more 
accuracy and facilitate a fair judgment.11,16 A video 
could be replayed by the examiner multiple times to 
focus more intently on each item. Implementing 
video recordings in the operation theater would 
benefit some hospitals, but it would not be practical 
for all hospitals worldwide, due to the high cost and 
the low availability of technical skills needed for 
setting up the equipment. 

An important limitation of this study was that we 
could not calculate inter-rater reliability. In each 
OR, only one consultant was present during the 
procedure. We did not have video recording 
capability in the OR; thus, we could not compare 
recordings of the evaluations among several 
assessors. Previously, investigators have used the 
complication rate as a parameter for evaluating the 
proficiency and competency of a surgeon.18,19 We 
did not address the complication rate in our study, 
nor did we measure the procedure-specific 
experienceof the trainee. 

Conclusion

This pilot study demonstrated that the OSTS was a 
valid, reliable tool for assessing OR performance. 
In addition, it provided systematic, comprehensive 
feedback to trainees, which was regarded an 
important part of the learning cycle. This instrument 
showed promise for evaluating the tracheostomy 
skills of residents and for tracking their improvement 
throughout postgraduate training.
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