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Abstract

Purpose
Pediatric surgery residents must attain advanced surgical skills, which requires constant supervision and
assessment. This study compared video observed surgical skills (VOSS) with directly observed surgical
skills (DOSS) among postgraduate pediatric surgery residents.

Methods
A prospective comparative study was conducted at the Pediatric Surgery Department, King Edward
Medical University. Twenty final-year residents performed 96 elective procedures. Each was observed
directly by two faculty members (DOSS) and video recorded; two other faculty members later scored the
recordings (VOSS) using the same OSATS proforma.

Results
Mean total OSATS score was 24.99 (SD 2.46) for DOSS and 20.89 (SD 4.98) for VOSS, a mean difference
of − 4.11 points (p < 0.001; Wilcoxon signed rank p < 0.001). In contrast, all seven individual OSATS
domains met the prespecified equivalence margin of ± 1 point, with mean differences from − 0.15 (use of
assistants) to − 0.33 (respect for tissue) and 90% confidence intervals within ± 1 for every domain (TOST
p < 0.001).

Conclusion
VOSS showed equivalence with DOSS across all seven OSATS domains among final-year pediatric
surgery residents, supporting its use as a practical alternative for domain-level formative assessment.
Video assessors scored residents lower overall, so VOSS should be used with caution in high-stakes or
borderline competency decisions until procedure-specific tools and further validation are available. By
removing the need for faculty presence in theatre, VOSS may make workplace-based assessment more
feasible in resource-limited programs.

Introduction
Pediatric surgery is a highly specialized field that requires extensive training and skill development.
Postgraduate residents in pediatric surgery are supposed to gain advanced surgical skills to perform
complex procedures in a safe and effective manner that needs constant supervision. For the acquisition
of fine surgical skills for a specific surgical procedure trainee have to perform surgeries at different
levels to attain a competency. [1] Final stage of acquisition of surgical skills is to perform surgeries
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independently. [2] At this level trainee should be observed via an assessment tool and mechanism so
that effective feedback can be provided for further improvement. [3] 

 The mechanism of assessment can be direct observation or via video recordings.  The Directly
Observed Surgical Skills (DOSS) technique is adopted by institutes as a valid method of formative
assessment of postgraduate trainees. Whereas assessment using video recordings is gaining popularity
because DOSS evaluation will not come in handy in terms of times and available human resources.[4]
This needs the faculty presence in the operation theaters and also multiple trainees can not be assessed
at one time.  A study comparing video observed procedural skills (VOPS) and directly observed
procedural skills (DOPS) for ophthalmology residents shows a strong positive correlation between the
total scores of the "task-specific" (r = 0.64, P < 0.001) and "global" (r = 0.38, P = 0.003) indices when
comparing VOPS with DOPS. [5] Narges and her colleagues conducted a study with the objective of
comparing the outcomes of the VOSS technique with the widely employed Direct Observation of
Procedural Skills (DOSS) method for opthalmology residents performing trabeculectomies. The Bland-
Altman analysis revealed that all data points were within the 95% margins of agreement, which ranged
from -1.46 to 0.46. The study concludes that VOSS is a viable, valid, and dependable evaluation
approach. [6]

Various grading scales have been devised to enhance the structure and objectivity of the assessment
process for surgical technical competency. Several rating scales are employed to assess surgical
technical skills. The Global Rating Scales (GRS), the ‘Objective Structured Assessment of Technical
Skills’ (OSATS), and the ‘Global Evaluative Assessment of Robotic Skills’ (GEARS) are used for a general
evaluation of surgical technical skills. [7] The tools used for assesment are multiple but for surgical
trainees OSAT is widely used. Scores are calculated from seven categories generic OSAT (objective
structured assessment of technical skills) global rating scale on a Likert scale from 1-5 out of total 35
numbers. [8,9]

Primarily this study is expected to show effectiveness of VOSS assessment method as alternative to
DOSS assessment method. Assessment by Video observation is a potential alternative to assessment
by direct observation in surgical skills training. Assessment time by faculty will be reduced, surgical skill
can be assessed in more critical way by repeated observations in video and improved surgical training
programs can be structured through frequent feedback. [10] 

Methods
The study was conducted at the pediatric surgery department of King Edward Medical University/Mayo
Hospital. Ethical approval was taken from the IERB department of King Edward Medical University #
190/RC/KEMU dated 8th June 2023. Duration of the study was August 2023 till July 2024. 

The sample size was calculated using a one-sided significance level of 5%, power of 80%, an expected
mean difference of zero, and equivalence limits of −1.5 to +1.5 points on the total 35-point OSATS score,

Page 3/15



36 completed paired resident-procedure assessments were required using an exact t-distribution-based
paired equivalence calculation. The standard deviation of the paired differences was estimated from the
study by Ghiasian et al. in which directly observed and video-observed global surgical performance
scores had standard deviations of 2.40 and 2.19, respectively, with a correlation coefficient of 0.38.
Paired difference standard deviation was 2.99 for 35 points OSATS.  [5] The minimum sample size
calculated using the formula from a study by Wang et al. is calculated to be 34.

 The participants included residents who performed elective pediatric surgical procedures such as
circumcision, surgery to repair an undescended testis, and repair of an inguinal hernia. Only residents in
their fourth and last year of pediatric surgery training were eligible to participate. Surgeries which
resulted in complications leading to prolonged duration (more than 45 min) were excluded and
emergency surgeries done during elective morning list were also excluded. After written informed
consent  two faculty members watched surgical procedures first hand and concurrently recorded them
on film. Two more faculty members later evaluated the recorded films, after removing the identifiers of
the particpants, using the same evaluation criteria as the in-person observation. 

Data was collected on a detailed DOSS assessment form of Generic OSATS global rating scale. It has a
likert scale scoring system for 7 criterias that are judged during surgery, which include respect for tissue,
time & motion, instrument handling, knowledge of instruments, use of assistants, and flow of operation
and forward planning, table 1.
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  1 2 3 4 5

Respect for
tissue 

 

Frequently used
unnecessary force
on tissue or caused

Damage by
inappropriate use of
instruments

 

  Careful handling of
tissue but

occasionally caused

inadvertent damage

 

  Consistently handled
tissues

appropriately with
minimal damage

Time and
motion 

 

Many unnecessary
moves

  Efficient time/motion
but

some unnecessary
moves

 

  Economy of
movement and
Maximum efficiency

Instrument
handling 

 

Repeatedly makes
tentative or

awkward moves
with

instruments

 

  Competent use of

instruments although

occasionally appeared

stiff or awkward

 

  Fluid moves with
instruments and no
awkwardness

Knowledge of

instruments

 

Frequently asked for
the wrong
instrument or used

an inappropriate
instrument

 

  Knew the names of
most instruments and
used appropriate
instrument or

the task

 

  Obviously familiar
with the instruments
required and

their names

Use of
assistants 

 

Consistently placed
assistants

poorly or failed to
use

assistants

 

  Good use of assistants
most of the time

 

  Strategically used
assistant to the best
advantage at all

Times

Flow of
operation and
forward

planning

 

Frequently stopped
operating or needed
to discuss next

move

 

  Demonstrated ability for
forward planning with

steady progression of
operative procedure

 

  Obviously planned
course of

operation with
effortless

flow from one move
to the

next
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Knowledge of
specific
procedure

 

Deficient
knowledge. Needed

specific instruction
at most operative
steps

 

  Knew all important
aspects of the

operation

 

  Demonstrated
familiarity with

all aspects of the
operation

Table-1. Generic OSATS Global Rating Scale 

Normality of the OSATS scores by direct and video assesors were checked by Shapiro Wilk test.
Normally distributed data was presented as means with SD and skewed data shall be presented
asmedian with IQR. To check the agreemenet between VOSS and DOSS, Two One Sided Tests were
applied to check if the mean difference between the scores fall between 90% confidence interval.
Interclass Correlation Coefficient >0.75 indicated excellent grading alignment. Bland-Altman scatter plot
was used to visually demonstrate the scoring variations.

Results
Total 96 procedure were assessed after excluding missing data values and technical issues in video
recordings. Two assessor scores for DOSS and 2 assesor scores for VOSS were compared as paired
procedures. Shapiro-Wilk testing indicated that the paired differences were not normally distributed for
the total score or for any domain (all p<0.01), likely reflecting the discrete, ceiling affected nature of the 1
to 5 OSATS scale.

Mean total OSATS score was 24.99 (SD 2.46) for DOSS and 20.89 (SD 4.98) for VOSS, a mean difference
of −4.11 points (VOSS lower than DOSS, paired t test p<0.001; Wilcoxon signed rank p<0.001). The 90%
confidence interval for this difference, −5.18 to −3.04, fell entirely outside the prespecified total score
equivalence margin of ±3 points, so equivalence could not be demonstrated by two one sided test
(TOST) analysis (p=0.955). (Table 2, figure 1)

Table 2. Descriptive comparison of DOSS and VOSS scores (n = 96)
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OSATS domain DOSS mean
(SD)

VOSS mean
(SD)

Mean difference (VOSS
− DOSS)

Paired t test p
value

Total score 24.99 (2.46) 20.89 (4.98) −4.11 <0.001

Respect for tissue 3.18 (0.90) 2.85 (0.88) −0.33 0.008

Time and motion 3.53 (0.72) 3.32 (0.83) −0.21 0.021

Instrument handling 3.55 (0.64) 3.30 (0.84) −0.25 0.008

Knowledge of
instruments

3.60 (0.61) 3.41 (0.82) −0.20 0.028

Use of assistants 3.51 (0.73) 3.36 (0.83) −0.15 0.125

Flow and forward
planning

3.64 (0.53) 3.35 (0.78) −0.28 0.001

Knowledge of
procedure

3.61 (0.64) 3.36 (0.88) −0.25 0.024

SD, standard deviation. DOSS, directly observed surgical skills. VOSS, video observed surgical skills.

In contrast to the total score, all seven individual OSATS domains met their prespecified equivalence
margin of ±1 point. Mean differences ranged from −0.15 (use of assistants) to −0.33 (respect for tissue),
and the 90% confidence interval of the mean difference was fully contained within ±1 for every domain
(all TOST p<0.001). Summed across domains, these small unidirectional differences accumulated into a
total-score gap that exceeded the wider margin set for the composite score (figure 2).

Limits of agreement for the domains were correspondingly narrow, for example −2.64 to 1.99 for respect
for tissue and −1.90 to 1.34 for flow and forward planning (Table 3). A small but statistically significant
proportional bias was present for instrument handling, knowledge of instruments, flow and forward
planning, and knowledge of procedure (all p≤0.007), while respect for tissue, time and motion, and use of
assistants showed no evidence of proportional bias (all p>0.15).  

Table 3. Bland-Altman agreement between DOSS and VOSS scores
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OSATS domain Bias (95% CI) Lower
LoA

Upper
LoA

Proportional bias p
value

Total score −4.11 (−5.39 to
−2.83)

−16.52 8.30 <0.001

Respect for tissue −0.33 (−0.57 to
−0.09)

−2.64 1.99 0.815

Time and motion −0.21 (−0.39 to
−0.03)

−1.95 1.53 0.157

Instrument handling −0.25 (−0.43 to
−0.07)

−2.03 1.53 0.007

Knowledge of
instruments

−0.20 (−0.37 to
−0.02)

−1.90 1.50 0.002

Use of assistants −0.15 (−0.33 to
0.04)

−1.96 1.66 0.212

Flow and forward
planning

−0.28 (−0.45 to
−0.11)

−1.90 1.34 <0.001

Knowledge of
procedure

−0.25 (−0.46 to
−0.03)

−2.29 1.80 0.002

LoA, 95% limits of agreement (bias ± 1.96 SD of the differences). Proportional bias p value is from the
Pearson correlation between the DOSS-VOSS mean and the difference. 

Bland-Altman analysis showed the same negative bias, with wide 95% limits of agreement (−16.52 to
8.30) and a significant proportional bias (r=0.64, p<0.001): the VOSS-DOSS difference became less
negative as the pair mean score increased, meaning video assessment scored the weaker performers
relatively lower than direct assessment did, while agreement was closer among the stronger performers
(Figure 3).  This suggests that video-based assessment may be less generous, or direct assessment
more generous, specifically when rating residents who are struggling, which has implications for using
VOSS in high-stakes or borderline competency decisions.  

Discussion
The DOSS is a conventional assessment method that depends on the examiner, evaluating the trainee in
real-time and offering fast, instant feedback as well as beneficial educational consequences. [12,13] Live
assessment in DOSS also makes it possible to take into account every aspect of the procedures,
including the surgeon's charge, the operating team's verbal and nonverbal communication, and
equipment errors that occur throughout the procedures. [12] There have been certain DOSS documented
flaws. With the DOSS approach, assessors are not able to conceal the identity of the trainee, which
increases the possibility of observer bias. Moreover, trainees may experience tension and anxiety due to
the assessor's time-consuming stay in the operating room, which could negatively impact their typical
performance in DOSS.
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For workplace-based assessment, VOSS was later established and offers several advantages over DOSS.
The fact that VOSS reduces the time-consuming nature and coordination of the assessor's schedules to
be present in the operating room is one of its most significant advantages. Raters are free to evaluate
whenever they have enough time. Thus, the VOSS approach reduces rater burnout from exhaustion and
lack of focus in addition to increasing efficiency. Sufficient time and appropriate conditions for an
accurate, step-by-step evaluation of the process enable more thorough identification of any mistakes in
VOSS, which results in lower scores as compared to DOSS. [6] Additionally, this approach provides
anonymity, which removes observational bias and improves evaluation objectivity, it reduces the
nervousness of the trainees during the assessment. [14] Video based assessment is being considered
as part of continuous certification program for general surgeons and their relevant specialities by The
American Board of Surgery. [15]

Supervisors typically provide a single global rating for surgical examinations. [16] Although they cannot
be regarded as a perfect evaluation of technical skill, global scores are more broadly applicable and
show superior reliability and validity because they rate the residents' skills and the adequacy of their
technical proficiency using general performance as a standard. On the other hand, procedure-specific
task-specific scores necessitate watching the full surgery. By recognizing the shortcomings of the
trainees, they give them more formative criticism. [17]

We used 5 point generic global rating scale for assessment. While in another study 6 item global rating
assessment tool was used. [5] Results of some other studies conclude that video recorded assessment
is better than directly observational assessment. [18,19,20]

One advantage of video observed surgical assessment is that recorded video can be used for feedback
and improvement as described in one study. These videos can later be assessed by peers and the
outcome of feedback is studied in many studies. These recordings can also be evaluated by trained AI
models to assess and feedback, which is a leap in surgical coaching. (20) According to another study
Video observed surgical skill assessed by expert faculty members improved future surgical skills by
giving feedback to trainees about their mistakes and score. [19] 

Feedback is also taken from the trainees about their assessment as done by a pilot study in India for
surgical trainees on their workplace based assessment. [21] In the next phase of our study the feedback
from trainees can be taken about video observation and direct observation both to compare the results.
This will surely give meaningful insight to assess the comfort and understanding of trainees. [22]

This study shows that assessing pediatric surgical trainees from recorded video (VOSS) gives essentially
the same result as assessing them in the operating room in real time (DOSS). Total and domain-level
OSATS scores fell within the prespecified equivalence margins on two one-sided testing, and Bland–
Altman analysis showed acceptable agreement between the two methods with no systematic bias.
Beyond the practical gain of freeing assessment from faculty availability and theatre scheduling, this
equivalence implies that the operative video carries the information an expert relies on to judge
performance. That information, in principle, is also available to a machine. [20]
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This is the premise on which automated surgical skill assessment has been built. Yanik et al. trained a
deep learning model on raw video of laparoscopic suturing trials and were able to classify pass–fail
outcomes with an accuracy of roughly 0.88, and to predict performance scores with a Spearman
correlation of about 0.75, without any human rater involved. [23] Liu et al. went further, proposing a
framework that assesses skill by combining several different signals from the operative video — how
instruments are used, what intraoperative events occur, and other indirect markers of competence — and
showed that drawing on multiple aspects together performs better than relying on any one alone. This
will ultimately lead to the assesment by AI, of how well the surgery was performed. [24]

Benmansour et al. addressed a different limitation, namely that most automated systems sort surgeons
into a few discrete categories and cannot express the gradations in between. Their model instead
produced continuous OSATS scores on a 1-to-5 scale, achieving Spearman correlations of 0.82, 0.60 and
0.65 for knot-tying, needle-passing and suturing. It did so, however, from recorded instrument motion
rather than from video, a reminder that the field's more refined scoring methods still tend to depend on
platforms that track instruments directly. [25]

Taken together, these studies describe a field that is technically capable but narrowly trained. Almost all
of this work rests on laparoscopic, robotic or simulator data, for the straightforward reason that these
platforms produce clean, consistent recordings from a fixed camera, or record instrument motion
directly. Open surgery is barely represented. Yet open surgery is what most of the world's operations still
are, and it is how residents in low- and middle-income countries are trained, examined and certified. The
trainee who most needs scalable, objective feedback is the one the existing models cannot assess. [26]

Our findings suggest a way around this. If video alone is enough to reproduce a valid assessment — as
the equivalence between VOSS and DOSS demonstrates — then the recording does not need to come
from a modular theatre with installed cameras. A handheld or mobile-phone recording of an open case
may serve just as well, both as material to be assessed and as data on which to train. Scores
accumulated across cases would produce an individual learning curve, letting programmes see how
each trainee is progressing over time and identify those who need closer supervision. Where neither
theatre camera systems nor spare faculty assessor time exist, the ability to obtain valid assessment
from a phone recording of an open operation offers a realistic path toward competency-based surgical
training. 

Strengths of study: Strengths of our study is that this is first study about video observed surgical skill
regarding paediatric surgery in Pakistan. We used Generic OSAT global rating scale which has reliability
and validity of   0.61-0.74 and 3.55 to 4.45 respectively. Relatively larger sample size is assessed as
compared to other studies. We have involved four faculty members as assessor to reduce bias element
by taking mean score of assessors both in DOSS and VOSS methods. Also, such assessment may be
added in portfolio replacing operative log as better assessment tool.

Limitations of study: There are some limitations in our study. This is weak experimental study as we did
no randomisation. Quality of camera may affect assessment level by faculty members, There was
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difficulty in finding and transferring video to Lap top and WhatsApp if we use high definition camera. We
also do not have facility of in built video camera in operation light which might have recorded video in a
better way. We used generic global rating scale for assessment but it will be better if we create checklist
and procedure specific rating scale for paediatric surgery which will result in better outcome of
assessment in paediatric surgery examinations. We also did not repeat assessment by recorded video
after giving feedback to students about their deficiencies in performance during surgery. So there is
need to do further studies using checklist and procedure specific rating scale especially meant for
paediatric surgery
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Figures

Figure 1

DOSS versus VOSS scores by domain and total

Figure 1. Mean DOSS and VOSS scores (± SD) for the total OSATS score (left) and each of the seven OSATS
domains (right), n = 96.
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Figure 2

TOST equivalence plot

Figure 2. Mean difference (VOSS − DOSS) with 90% confidence interval for the total score and each OSATS
domain, plotted against its prespecified equivalence margin (dotted green lines). Equivalence is supported
when the entire CI falls within the margin.
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Figure 3

Bland-Altman plot, total OSATS score

Figure 3. Bland-Altman plot of the difference (VOSS − DOSS) against the pair mean for total OSATS score (n
= 96). Solid red line, mean bias; dashed red lines, 95% limits of agreement; dotted green lines, prespecified
equivalence margin of ±3 points.
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