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BACKGROUND AND OBJECTIVE: Video-based assess-
ment of residents’ surgical skills may offer several advan-

tages over direct observations of clinical performance in

terms of objectivity, time-efficiency, and feasibility.

Although video-based assessment is becoming more

common in surgical training, a broad understanding of

its utility is lacking. This scoping review explores video-

based assessment in surgical training and presents the

evidence supporting its use.

DESIGN: A literature search was conducted using the

Web of Science database with key words related to

video-based assessment and surgical training. Exclusion

criteria included articles not published in English and
articles on undergraduate medical education, continuing

professional development, or non-surgical disciplines.

Initially, 702 articles were identified; after title, abstract,

and full-text screening by two independent reviewers

(SM and VM), 199 articles remained.

RESULTS: We present the benefits of video-based assess-

ment, including the ability to capture clinical ability in

the operating room without decreasing intraoperative

efficiency, as well as the potential to improve formative

assessment and feedback practices. We describe the

validity, reliability, and challenges of video-based assess-

ment, as well as the use of video-based methods in clini-
cal and simulated settings. We conclude by discussing

questions that remain to be addressed.

CONCLUSIONS: Although further research and cost-
benefit analyses are required, greater adoption of video-

based assessment into surgical training may help meet

increased assessment demands in an era of competency-

based medical education. ( J Surg Ed 76:1645�1654. �
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INTRODUCTION

The shift to competency-based medical education

(CBME) in Canada, the United States, and across the

globe necessitates more robust assessment practices in

order to determine when trainees have become profi-

cient in specific required skills and to guide the develop-
ment of competence through feedback.1,2 In particular,

formative assessment must become more fully and

meaningfully integrated into all aspects of training and

used to enhance the learning process through timely

and constructive feedback to trainees.3,4

Educators have begun responding to these needs by

developing a myriad of new assessment tools,5 imple-

menting portfolio-based approaches,6 and moving toward
programmatic models of assessment which require more

frequent evaluations of trainees.7,8 Advances have also

come out of the United Kingdom with the development

of the Orthopedic Competence Assessment Project9 and

the Intercollegiate Surgical Curriculum Programme.10 The

Intercollegiate Surgical Curriculum Programme has set

forth a number of workplace-based assessments, including

the widely-used procedure-based assessments, which have
since been implemented in an effort to improve formative

feedback and support learning, as well as to inform sum-

mative decisions.

Despite progress in how surgical trainees are assessed,

feasibility continues to be of concern, as frequent assess-

ments are time-consuming, costly, and contribute to
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examiner and examinee burnout.11,12 Furthermore, the

“gold standard” of assessing trainees’ technical skills in

the operating room (OR) by staff surgeons faces many

challenges,10 including single rater limitations, patient
safety concerns, and pressures to increase OR efficiency.13

There remains a need for more feasible and objective

methods of assessing surgical skills.14,15

Video-based assessment may allow educators to cir-

cumvent some of the barriers of traditional clinical evalu-

ations, as it does not require direct observation of

performance.16,17 This scoping review examines the use

of video-based assessment in surgical training, including
validity, reliability, benefits, and challenges. We explore

its applicability in both low- and high-stakes assessment

scenarios, outline its use in clinical and simulated set-

tings, and discuss several novel applications.
METHODS

PRISMA Extension Guidelines for Scoping Reviews18 and

the 2017 Joanna Briggs Institute Methodology for Scop-

ing Reviews19 were followed. Please refer to Figure 1 for

the PRISMA Diagram. The Web of Science database was
used to conduct the scoping review using variations on

the following topic words: video-based assessment,

video-based feedback, and surgical training. Articles

that focused solely on undergraduate medical education,

continuing professional development, nonsurgical disci-

plines, veterinary surgery, or dental surgery were

excluded. The search was conducted in June 2018 and

revised in March 2019, and included articles published
in English during the Web of Science database timespan
FIGURE 1. PRISMA Diagram summarizing search strategy.
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(1900-2019). In the initial search, 702 nonduplicate

articles were identified. Two reviewers (SM and VM)

screened the articles and resolved disagreements by con-

sensus. After title screening, 469 articles remained.
Articles then underwent abstract and full-text review.

Additional publications were identified by title from the

reference lists of included articles. The final review

included 199 articles. Articles deemed to be of high qual-

ity and relevant to the use of video-based assessment in

surgical training were included in the manuscript.
WHY IMPLEMENT VIDEO-BASED
ASSESSMENT?

While real-time OR assessments have traditionally been

the preferred method for evaluating surgical skills, they

are time- and resource-intensive, and require direct fac-

ulty observation. Video-based assessment may provide a

level of practicality and flexibility that cannot be
achieved with traditional evaluations.20 Many operating

suites are now equipped with camera lights and video

monitors that can facilitate data collection for video-

based assessments, so long as the recordings are of ade-

quate quality, as will be described in this article.10 Per-

haps most notably, the use of video-based techniques in

the intraoperative setting may help alleviate both patient

safety and OR efficiency concerns introduced by direct
assessments of performance, as staff surgeons are able to

focus their attention and time on patient care itself, and

review trainee performance in detail at a later time.16

Furthermore, since video-based assessment can be com-

pleted remotely when convenient for the examiner, it

may help reduce burnout by serving as a more accom-

modating method.16 However, to mitigate the risk of

burnout, assessors should have protected time for com-
pleting evaluations, especially as assessment demands

grow with the transition to CBME.1,2 In addition, the

time required to review media may pose a burden to sur-

gical faculty and must be taken into consideration, as

described below.

To help mitigate the additional time demands placed

on surgical faculty, assessment time may be significantly

shortened by fast-forwarding through or editing out non-
essential segments of the recordings.20,21 This is particu-

larly advantageous in the context of CBME where

evaluations may only be required for specific compo-

nents of the procedure. Studies have suggested that edit-

ing can reduce assessment time by 50%20 to 80%21

without loss of relevant information. However, editing

may also introduce bias; an issue which requires further

exploration.22 Who is qualified to carry out video editing
remains to be determined. Senior residents may be able

to serve as editors and evaluators, which would further
cal Education � Volume 76/Number 6 � November/December 2019



reduce staff physician demand and may help lessen staff

burnout;23 however, there would need to be consider-

ation for the extra burden this would place on residents’

time, which arguably might be better spent on patient
care, as well as the potential for augmenting resident

burnout.

Video-based assessment may provide the advantage of

anonymity, allowing for more objective and reliable

measures of performance compared with traditional,

real-time methods.23,24 This may be particularly useful

for summative evaluations, where objectivity is desired.

Of course, the visual and audio information captured in
the recordings must be considered if anonymity is

desired. Vogt et al. have demonstrated that assessors

assign significantly different performance scores

depending on whether the videos portray only the train-

ees’ hands, versus trainees from the waist-up.25

To achieve more objective assessments for summative

evaluations, care must be taken to conceal trainees’

identities in the recordings. Alternatively, remote evalua-
tors without prior trainee knowledge may be assigned.

In these situations, clear procedures must be in place to

return scores to trainees in a timely fashion.

Additional benefits of video-based surgical assessment

include a potential increase in patient safety and OR effi-

ciency, as staff surgeons are able to maintain their atten-

tion and time on patient care and review trainee

performance in detail at a later time.16 Of course, this
requires committed educators who are able to dedicate

time to review video data and provide feedback in a

timely manner after cases. Again, protected time for

assessment may be required. Another benefit of video

assessment is that evaluating performance via video

recordings facilitates assessment by multiple raters, cre-

ating a larger pool of evaluations and thus a less biased

rating.26 This allows for reliability to be measured, as
multiple assessments of the same performance can be

collated and compared. Some studies have demonstrated

the efficacy of this approach, with one group demon-

strating that average scores from multiple evaluations of

edited, deidentified video recordings were able to accu-

rately predict patient outcomes after laparoscopic gas-

tric bypass surgery.27
FORMATIVE AND SUMMATIVE
ASSESSMENTS

Video-based techniques have been employed to evaluate

a wide variety of skills for both formative (typically low-

stakes assessment for learning) and summative (typically

high-stakes assessment of learning) purposes.20,21,26-28

Video-based assessment has been most frequently used

to facilitate formative evaluations,23 which can be a
Journal of Surgical Education � Volume 76/Number 6 � November/Dec
powerful tool for providing feedback to trainees and

enhancing the learning process when implemented cor-

rectly.3 Care must be taken to ensure that feedback is

delivered to trainees in a timely manner after the skill is
performed. To promote specific, personalized, and high-

quality feedback, supervisors who know the trainees

well should conduct formative assessments. Educators

may choose to review the video recordings alongside

trainees to provide a coaching-type format of feedback,

with the resident providing input as well. Again, this

requires dedicated faculty educators, who should be

appropriately compensated for time committed to
feedback and coaching. Given the need for greater

low-stakes assessments under a CBME approach and

the potential added convenience of video-based meth-

ods, educators may look to increase the use of video-

based assessment to help meet increased assessment

demands, provide feedback to trainees, and help

develop competence.
SIMULATED AND INTRAOPERATIVE
SETTINGS

Simulation-based learning and assessment is becoming

increasingly popular due to reduced opportunities for

teaching in the OR, greater time pressures, and a

renewed awareness for patient safety initiatives.5,7,13 As
in the clinical setting, the greater flexibility and anonym-

ity afforded by video-based methods make them an

appealing option in simulated settings.29 Rooney et al.30

demonstrated that expert coaches could accurately

assess performance in the simulation laboratory based

upon video recordings and provide constructive feed-

back, reducing demands on staff surgeons. In some situa-

tions, assessment can even be performed by nonexperts;
Holst et al. (2015) have shown that the Crowd Sourced

Assessment of Technical Skills tool is as effective as

expert faculty surgeons in discriminating between vary-

ing levels of surgical skill when reviewing video per-

formances of a robotic intracorporeal suturing model.31

Assessment and feedback delivered by nonexperts can

help residents improve their skills through practice in a

controlled, risk-free setting, with minimal time and ser-
vice demands placed on staff surgeons. However, stud-

ies comparing nonexpert versus expert feedback and

assessment generally involve simple tasks, such as the

application of a forearm cast.32 Further research is

needed to assess whether nonexperts can be used as

evaluators for more complex procedures.

One of the more common and extensively studied

applications of video-based assessment of technical skills
in the laboratory uses the Objective Structured Assess-

ment of Technical Skills (OSATS) exam.21 Video-based
ember 2019 1647



OSATS have been adapted by many surgical specialties

and have been shown to be effective for assessing tech-

nical skills in the simulated setting.33 Video-based assess-

ments have been used to evaluate a variety of skills
performed on bench models,33 cadavers,26 virtual reality

simulators,34 and the Da Vinci Skills robotic simulator.35

Several simulation-based training courses have started to

implement video-based OSATS as well.36 As resident

education continues to rely more heavily on simulation-

based training, video-based techniques may similarly

find greater applications in facilitating assessment and

learning in this setting.
Despite growing opportunities for simulation-based

teaching, observation of surgical skills in the intraopera-

tive setting remains the gold standard10 and may be the

best way of capturing what trainees are able to do during

clinical practice.16 Surgeon educators have traditionally

valued direct observation of residents’ skills to assess

autonomy and skill comfort.37 Observation and feedback

in the OR is essential, whether it is provided directly as a
skill is performed, at a later time via video recordings, or

using the 2 approaches in combination. Video-based

assessment has been shown to be effective in determin-

ing skill proficiency in the intraoperative environment,27

and, as mentioned, it may also allow educators to cir-

cumvent some of the barriers to assessment in this high-

stakes setting as it does not require direct, real-time

observation.13 This lessens patient safety concerns, as
supervising surgeons do not have to split their attention

between assessing residents’ skills and monitoring

patient care.16 Allowing educators to focus entirely on

the assessment itself should also lead to higher quality

observations and more meaningful feedback for learn-

ing.16 Additionally, OR efficiency is not compromised by

a need to survey and document trainees’ performance

while the procedure is underway. In this way, video-
based assessment of intraoperative performance may

present a superior alternative to live clinical assess-

ments, as it captures a record of what trainees are able

to do during a real intraoperative case, which can later

be reviewed by an expert.23 We, therefore, suggest that

educators consider the use of video-based assessment

for increasing and enhancing in-training assessments,

particularly as the need to document surgical compe-
tence becomes increasingly important with the intro-

duction of CBME.
ASSESSMENT TOOLS FOR VIDEO-
RECORDED PERFORMANCE

Various tools have been used to rate video-recorded per-
formance. The most common are OSATS-based Global

Rating Scales (GRS)38 and task- and procedure-specific
1648 Journal of Surgi
checklists.20,38-40 These tools have been modified to

assess a variety of specific skills, such as the Objective

Structured Assessment of Cataract Surgical Skills

(OSACSS),34 the Global Rating Index for Technical Skills
(GRITS),39 condensed versions of the OSATS GRS,38 the

Global Operative Assessment of Laparoscopic Skills

(GOALS),22,41 and the Global Evaluative Assessment of

Robotic Skills (GEARS).42

New tools are continuously being developed and

adapted for formative video-based assessment. It is

important for educators to ensure that these tools are

able to facilitate meaningful feedback to trainees in order
to promote learning and the attainment of competence.3

To achieve this goal, assessment tools should be proce-

dure-specific, criterion-based, and provide detailed infor-

mation on performance.3,43 Educators must strive for

evidence-based criterion for tool selection, not only to

ensure that performance is accurately assessed, but also

to ensure that trainees are provided with the best oppor-

tunity to learn surgical skills.
VALIDITY AND RELIABILITY

Ensuring that assessment tools can provide valid and

reliable measures of performance are critical when

making high-stakes decisions regarding physician

competence.44 Although there are a number of valid-
ity frameworks in use with somewhat different

approaches, they all view validity as the extent to

which the empirical evidence and theoretical ration-

ales support the suitability of inferences reached from

test scores.45 Different forms of validity are some-

times described, including content, criterion, and

construct validity, although a unified form of validity

is now favored,46 which may be defined simply as the
extent to which an assessment measures what it is

purported to measure.47 Reliability examines how

well an assessment is able to repeatedly produce sta-

ble and consistent results for equal performances.47

As discussed, video recordings may limit rater bias by

allowing for anonymity and still achieve a valid measure

of performance. However, it has been found that videos

only capturing close-up views of the procedure may pre-
vent raters from observing participants’ full movements

and therefore may actually reduce the validity of the

assessment.25 A balance must be achieved between con-

cealing trainees’ identities and capturing enough data for

a robust assessment. Alternatively, video recordings may

be evaluated by assessors who are unknown to the

trainee to limit bias. Other questions must be answered

as they may impact the validity of video-based methods.
For example, do learners behave differently when they

are aware they are being evaluated in-the-moment versus
cal Education � Volume 76/Number 6 � November/December 2019



when they are being video-recorded for later assessment?

Are evaluators more critical of video-recorded perfor-

mance given additional time and resources to focus on

the assessment?
There is now a growing body of evidence demonstrat-

ing the validity and reliability of video-based assessment

tools.17 In vascular surgery, 2 groups have demonstrated

high levels of construct validity for video-based assess-

ment techniques and were able to discriminate between

novice and experienced trainees,16,48 although one of

the groups was limited by a small sample size.16 Beard

et al. (2005) assessed several basic surgical skills on sim-
ulated models and found good correlations between live

and video assessment. Aggarwal et al. (2008) examined

4 types of tools for the video-based assessment of bench-

mark laparoscopic procedures: an OSATS-based GRS, a

condensed version of this scale, a procedure-specific

GRS, and a procedure-specific checklist. The OSATS-

based GRS and its condensed version demonstrated

higher validity and inter-rater reliability than the other 2
assessments. Despite their positive findings, Aggarwal

et al. advocate for the use of procedure-specific tools to

provide trainees with meaningful feedback and promote

learning. Other researchers have developed specific

assessment tools for laparoscopic gastric bypass surgery,

such as the Bariatric Objective Structured Assessment of

Technical Skill (BOSATS) scale, which was found to be

both valid and reliable for assessment of intraoperative
performances and correlated with the OSATS GRS.49

Progress has been made with the assessment of nontech-

nical skills, as well; Spanager et al. (2013) found high

inter-rater reliability for the Non-Technical Skills for Sur-

geons in Denmark (NOTSSdk) tool used in conjunction

with video recordings.

It is important to keep in mind that validity and reli-

ability are not properties inherent to the assessment
method itself, but are dependent on the context, the

individuals being assessed, the assessors, and the tool

employed.50 Although a tool may have been validated

for one application of video-based assessment, this

does not mean that it will be valid when applied to a

new situation. Therefore, if a new tool is to be used

or applied to a new context where it will be used

to make high-stakes decisions, educators may want to
conduct a psychometric analysis of the tool prior to

implementation in that setting. This concern is not

unique to video-based assessment methods, but to

assessment more broadly. Educators must also con-

sider the intended purpose of the tool; if the goal is

solely to facilitate formative feedback to trainees and

guide the development of competence, demonstrat-

ing high levels of accuracy may not be as necessary.
Next, we will consider several other factors that may

impact the validity and reliability of video-based
Journal of Surgical Education � Volume 76/Number 6 � November/Dec
assessments, including video editing, the quality of

the recordings, and rater training.

Video Editing

Shortening recordings is desirable for reducing assess-

ment time. However, this process is often subjective and

may constitute a source of bias,22 which has the poten-

tial to reduce validity and reliability.21,51 Two studies

have shown editing to be effective and to maintain the

validity of the assessment,20,27 but there is a general con-

sensus that standards must be developed to delineate
optimal editing procedures and reduce editor subjectiv-

ity.21 Standards are also required to guide evaluators in

fast-forwarding through videos, depending on the goals

of the assessment.21 Other questions remain: How much

time is actually saved when time for editing is consid-

ered? Who should be permitted to do the editing, what

type of editing is permissible, and how do we ensure

proper training of the editors?

Quality of the Recordings

Reliability and validity may be affected by the quality of

the recordings, including the frames, angles, and audiovi-
sual information captured.16 The noisy intraoperative

environment, coupled with impedance from face masks,

can make capturing audio information difficult. Captur-

ing adequate video coverage for many open abdominal

procedures is sometimes a challenge. Video coverage of

the operative field may be of lesser concern for laparo-

scopic surgery, as the video feed is recorded directly off

the monitor, capturing the surgeon’s exact view.38 How-
ever, a study by Scott et al.24 did not find strong correla-

tions between global assessment scores of live and

video-based assessments when only visual information

was recorded from the laparoscope, suggesting that

additional audio and visual information from the OR may

be necessary in order to obtain accurate assessments.

The researchers also noted that video editing employed

during the assessment process may have reduced inter-
rater reliability, and should be investigated in future

studies. Others have shown that the bandwidth can

affect reliability, with higher bandwidth (better image

quality) improving utility.41 Technological advances,

including wearable devices such as GoPros, may facili-

tate the collection of audiovisual information and help

overcome some of these limitations.52,53

Rater Training

As with any type of assessment, there is a recognized

need for adequate rater training to ensure the reliability

of the assessment.22 For video-based assessment, differ-
ent training approaches have been proposed, including

mandatory courses on proper tool use, and preparatory
ember 2019 1649



training and practice with the tool in the intraoperative

setting.22 Programs must determine how to optimize fac-

ulty training and promote buy-in, especially as the

demand for assessment rises and new tools are intro-
duced with the shift to CBME.
LIMITATIONSOF VIDEO-BASED
ASSESSMENT

In addition to concerns regarding editing, recording, and

rater training, other challenges must be addressed prior
to larger-scale or high-stakes implementation of video-

based assessment. One issue that is not unique to video-

based assessment and remains a challenge for assess-

ment more broadly is the lack of effective assessment

strategies for nontechnical skills compared to proce-

dural abilities.20 Nontechnical skills, such as decision-

making, communication, and teamwork, are vital to

competent surgical performance yet can be more diffi-
cult to evaluate and may also pose an even greater ethi-

cal dilemma than recording technical skills alone. Video-

based assessment of nontechnical skills may require

high-quality audio and visual data capturing a broader

intraoperative field. Laparoscopic and arthroscopic

video recordings alone may not capture sufficient infor-

mation about verbal cues, the use of assistants, and other

subtle interactions, which are imperative to evaluating
nontechnical competencies in the clinical setting.24

However, as mentioned, technological advances are

making the capture and storage of the necessary infor-

mation more feasible and convenient.

The sensitivity of video-based assessment in distinguish-

ing between trainees with subtle performance differences

has been called into question.54 However, in one study,

small differences in practicing bariatric surgeons were dif-
ferentiated by video-based assessment using a modified

OSATS.27 Nevertheless, until there is sufficient evidence

in support of a tool for use in a specific context, video-

based assessment may be more appropriate for formative

assessments, rather than high-stakes summative evalua-

tions.54 Additionally, if the goal of assessment is solely to

provide feedback and determine when competency has

been attained, the need to discriminate between trainees
may be reduced, eliminating these concerns.

One must also consider the potential legal implications

of using video recordings of procedures for assessment.

Some worry that these recordings could open up liability

issues should complications arise during a case,55 although

at least one group has reported no instances of medicolegal

subpoenas or liability concerns at their institution after 13

years of filming in the emergency room.55 Obtaining
patient consent, ensuring patient confidentiality, and

restricting access and storage time of the videos could help
1650 Journal of Surgi
reduce legal risks.55 Similarly, safe data storage and sharing

procedures must be put in place, especially when novel

technologies or platforms are being employed.
NEWAPPLICATIONS

Video-based assessment is being employed for error

training, a form of formative assessment in which train-

ees are video-recorded while practicing and then the

recordings are assessed to identify common errors and

adverse outcomes.56 This information can be fed back to
trainees to ensure that errors are not repeated in future

clinical encounters. Video-based assessment has also

found application in the analysis of learning curves57

and as a way to allow for easier self- and peer-review of

performance.16,58 However, results from studies examin-

ing the effectiveness of independent self-review of video

recorded performance have been mixed; some have

shown that it is effective for enhancing technical surgi-
cal skills59 while others have been unable to show any

significant advantages.60-62 Research from medical edu-

cation more broadly has shown self-assessment to be

inaccurate, with trainees generally over-estimating their

abilities.63 This reinforces the need for expert supervi-

sion, assessment, and feedback.63 The use of video for

self-assessment should therefore be cautioned, espe-

cially at the early stages of training when learner knowl-
edge is limited. Providing trainees with expert

“benchmark” performances to compare with their own

performance, or having a supervisor present during the

video review process, may be optimal.64

Technological advances are improving the efficacy and

feasibility of video-based assessment. Novel platforms are

being developed to facilitate the distribution and viewing

of surgical recordings, which could greatly enhance
accessibility and further increase the appeal of video-

based methods over real-time assessments.65 Other pro-

grams are being created for viewing the surgeon’s hand

movements and the operative field simultaneously, using

multiple cameras and time-synchronization.66 This tech-

nology can save expert reviewer time and alleviate the

concerns regarding insufficient data capture.66 Although

these advances will enhance the utility and feasibility of
video-based assessment, novel technologies are often

costly. Further cost-benefit analyses are required to deter-

mine the added value of these approaches.
CONCLUSIONS

Video-based assessment presents an attractive option for
evaluating trainee performance. It may be more objec-

tive, convenient, and time-efficient for clinicians than
cal Education � Volume 76/Number 6 � November/December 2019



traditional methods that require direct observation.

Video-based assessment is gaining popularity and is

being used to evaluate a range of skills in both the OR

and simulated settings. There is a growing body of evi-
dence to show that video-based techniques can be valid,

reliable, and effective. However, standardized proce-

dures for video recording, editing, and rater training are

required. Dedicated surgeon educators who are given

protected time and adequate compensation for trainee

assessment and feedback are essential. Furthermore,

while these techniques may help facilitate formative

assessment and feedback, it remains to be determined
how to optimally use video-based methods to make sum-

mative decisions. Cost-benefit analyses are required to

fully understand if the change in outcomes in resident

learning is worth the expenses required for these assess-

ments.

Video-based assessment has the potential to become a

superior option for evaluating intraoperative perfor-

mance during surgical training by allowing educators to
capture clinical competence while circumventing bar-

riers to assessment in the OR, including concerns for

patient safety, intraoperative time-efficiency, and bias

from lack of anonymity. The flexibility afforded by

video-based assessment could also help ease the burden

on supervisors, who are already faced with high rates of

burnout. Video-based assessment may be particularly

useful in an era of CBME, helping to meet increased
assessment demands and provide feedback to trainees to

guide the development of competence.
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