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Abstract

Background: One of the major impediments to the proliferation of endoscopic submucosal
dissection (ESD) training in Western countries is the lack of sufficient experts as instructors. One
way to address this gap is to develop didactic systems, such as surgical simulators, to support the
role of trainers. Cognitive task analysis (CTA) has been used in healthcare for the design and
improvement of surgical training programs, and therefore can potentially be used for design
similar systems for ESD.

Objective: The aim of the study was to apply a CTA-based approach to identify the cognitive
aspects of performing ESD, and to generate qualitative insights for training.

Materials and Methods: Semi-structured interviews were designed based on the CTA
framework to elicit knowledge of ESD practitioners relating to the various tasks involved in the
procedure. 3 observations were conducted of expert ESD trainers either while they performed
actual ESD procedures or at a training workshop. Interviews were either conducted over the phone
or in person. Interview participants included 4 experts and 4 novices. The observation notes and
interviews were analyzed for emergent qualitative themes and relationships.

Results: The qualitative analysis yielded thematic insights related to four main cognition-related
categories: learning goals/principles, challenges/concerns, strategies, and decision-making. The
specific insights under each of these categories were systematically mapped to the various tasks
inherent to the ESD procedure.
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Conclusions: The CTA approach was applied to identify cognitive themes related to ESD
procedural tasks. Insights developed based on the qualitative analysis of interviews and
observations of ESD practitioners, can be used to inform the design of ESD training systems, such
as virtual reality based simulators.
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1. Introduction

Endoscopic submucosal dissection (ESD) is widely used in Japan and other Eastern
countries, as a technique to resect pre-malignant and malignant gastrointestinal tumors. ESD
is often preferred over other resection methods, such as endoscopic mucosal resection
(EMRY), due to a number of advantages. While in EMR, lesions larger than 20mm need to be
removed in a piecemeal fashion, ESD allows for a significantly higher rate of en bloc
resections [1, 2]. Resecting lesions en bloc allows for greater accuracy of detecting partial
submucosal invasion during histopathological evaluation [3]. ESD is also associated with a
lower tumor recurrence rate than EMR [4].

ESD involves a high degree of expertise in endoscopic control and electrocautery, and
therefore requires extensive training. Studies of learning curves under supervision
consistently show that it takes 30—-40 supervised procedures to gain competency (measured
in terms of en bloc resection rate, operating time and perforations) in ESD [5-7]. The
challenge of training practitioners in ESD is further exacerbated in Western countries, where
there are very few experts who could serve as mentors or instructors [8-10]. Furthermore,
the occurrence of early neoplasias, which are considered to be ideal for learning ESD, occur
very rarely in Western countries [11, 12].

Current training frameworks in the West include hands-on training workshops, animal model
work, and when possible, observing and/or training under the few available experts.
laocopini et al. and Oyama et al. have proposed stepwise training approaches which focus on
transitioning from coursework and observations of experts, to supervised practice on animal
models, to complete independence in performing ESD [7, 13]. The extant literature on ESD
training prescribes various principles for establishing ESD skills in trainees, including a
textbook with didactic chapters by various ESD experts [7-9, 13-17]. However, research by
cognitive psychologists has demonstrated that in free recall, experts are often unable to
explicate the tacit underpinnings of their strategies and decision-making because of the
automated and unconscious cognitive processes involved therein [18, 19]. Therefore, in
designing a training system for ESD, there is a need to systematically capture and
incorporate the cognitive components of learning and performing the procedure successfully.

Cognitive Task Analysis (CTA) is a framework from the Human Factors and Cognitive
Systems Engineering disciplines, developed “... for identifying cognitive skills, or mental
demands, needed to perform a task proficiently. The product of the task analysis can be used
to inform the design of interfaces and training systems. ”[20]. CTA methods typically
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involve observations and interview questions designed to identify both the implicit and
explicit knowledge of experts, and the cognitive processes involved in decision-making.
CTA has long been used for improving design in healthcare, particularly, for surgical
training [21-25]. CTA methods have been shown to capture critical details about procedural
steps that are usually omitted during free recall [26]. Clark et al. showed that CTA methods
helped capture information from expert trauma surgeons that was 70% more ‘complete’ than
free-recall interviews [27]. CTA-based interventions have also been shown to improve
technical skills training in surgery [23, 25].

The purpose of this study was to apply a CTA framework toward augmenting training design
in ESD. The study aims to generate findings from the CTA, that highlight the learning needs
of novices toward the development of expertise. Additionally, interview participants would
span the continuum of experience from novice to expert, both as general gastrointestinal and
specifically ESD surgeons. Therefore, it is expected that the CTA will yield learning needs
and other cognitive insights specific to different classes of learners/practitioners, as
determined by the experience levels in ESD, with and without expertise in other GI/
endoscopic procedures. Finally, the study also aimed to systematically represent the findings
from the CTA, so as to enable translation into practicable insights for the design of a training
system, such as a surgical simulator.

Materials and Methods

Interview Development: Interview questions were developed with the aim of understanding
the cognitive aspects of the ESD procedure, such as the aims and objectives, challenges,
skills, techniques, strategies, and decisions involved. The questions were organized in the
order of tasks performed during ESD. This task-structure was available as a result of a
hierarchical task analysis (HTA) of ESD produced by a previous study [28]. The HTA breaks
down the ESD procedure into a sequence of stages from preparation to retrieval of the lesion
and sending it for histopathology. Each stage is further described as a list of tasks and sub-
tasks. The HTA served as a rubric for systematically developing the CTA questions for each
task and sub-task level. Questions were also designed to learn about gaining competency,
e.g. “which skill or technique takes the longest to learn”; and to elicit differences in skills
and knowledge between practitioners with different levels of experience in both
gastrointestinal procedures, as well as ESD itself, e.g. “which Gl skills are transferrable to
ESD and which ones are unique to ESD and need to be learnt?”, and “what are some of the
nuances of technique you use as an expert, that a novice would be unfamiliar with?”. The
interviews were semi-structured in that the interviewer would start with a broad question
(e.g. “what are the specific challenges in avoiding a perforation?”), and ensuing questions
flowed based on the response, to clarify, or deepen the interviewer’s understanding, or to
relate to a previous response or issue (e.g. “please elaborate on your strategy to overcome
visual barriers in avoiding perforation”). Further question-probes are used to help the
respondent unravel the tacit parts of their cognitive processes, such as automated responses
and intuitive decisions (e.g. “other than seeing the muscularis, what visual or non-visual
cues let you know that your dissection plane is lower than optimal?”). Exemplar questions
from the interviews for each stage of ESD are provided in Figure 1. Interviews were
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conducted either in person or over the phone. Some of the in-person interviews were
conducted during observations of procedures.

Data were recorded through handwritten notes and audio-recording, and later transcribed
into text for analysis. Observations were conducted for a total of 29 hours. Phone or in-
person interviews were conducted for a total of about 8 hours. The study was approved by
the institutional review board (IRB) under the expedited review protocol at Beth Israel
Deaconess Medical Center (BIDMC). All participants were briefed on the study objectives
and protocol and their consent for participation was obtained.

Participants:

In order to gain diverse perspectives of practitioners with varying experience levels,
interviews were conducted of participants ranging from novice level to super-experts.
Participants, who were in or completed ESD-focused fellowships within 6 months prior to
the interview, were considered as novices. Participants, who had been regularly performing
ESDs independently for more than 6 months at the time of the interview, were considered as
experts. The expert group included surgeons who had been regularly performing and
teaching ESD for several years, and were nationally and internationally recognized for their
expertise in ESD — members of this subset were considered as ‘super-experts’.

Analysis:

A content analysis of the qualitative data from the interviews and observations was
conducted, primarily by a single researcher (SH) who has substantial experience in
qualitative data analysis methods. The analysis was done using the Atlas.ti qualitative
analysis software [29]. The data was initially reviewed to identify high-level thematic
categories. Based on the initial review, four high-level categories were identified: learning
goals/principles/criteria, challenges/concerns/barriers, strategies, and decision-making. This
was followed by a deeper content analysis of the data to identify themes related to the
cognitive aspects of ESD-tasks. These themes were identified and organized within the four
high-level categories, for each task-step of the ESD procedure.

As cognitive and motor skills tend to vary depending on experience, a separate analytic
framework was developed to delineate competencies between different experience-levels.
Three broad categories of experience were identified as combinations of Gl and ESD
experience: Gl-novice/ESD-novice, Gl-expert/ESD-novice, and Gl-expert/ESD-expert. For
the purpose of classification, participants who fit the ‘novice’ category were those who were
currently in or just completed (less than 6 months ago) fellowship programs, or those who
explicitly identified themselves as novices, i.e. either in ESD or Gl procedures in general.
Competencies were defined based on the participants’ responses, i.e., depending on whether
a participant described a certain skill or technique to be advanced or fundamental. For
instance, an expert surgeon describing nuanced techniques which were learned over years of
experience, and what a novice would do instead.

The themes extracted through the content analysis, as well as the competency analysis were
reviewed at multiple stages by a second researcher (CDJ). Any disagreements or ambiguities
related to the interpretation of findings were listed as questions for our participants. At the
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end of the initial round of thematic analysis, the findings were distributed to the participants
to clarify or confirm the researchers’ interpretation of the data and ask any additional
questions that may have come up during the analysis. Additionally, a post-analysis interview
was conducted with one participant for clarification of themes.

A total of 10 participants were interviewed or observed. 8 participants were interviewed
either over the phone or in-person, including 4 experts and 4 novices. The observations were
conducted by a single observer of 3 experts at a hands-on training workshop. One of these
experts was also one of the interviewees. 1 interview-participant was highly experienced in
gastrointestinal (G1) procedures, but had only done 2 ESD procedures over his career. This
participant was considered a Gl-expert/ESD-novice.

The interviews helped elicit descriptions of ESD procedural steps from the perspectives of
the ESD practitioners themselves. Therefore, several details and nuances about ESD steps
were revealed, from a cognition standpoint, which reflect how practitioners actually perform
the various tasks. This also includes the experience of learning the various skills involved,
and advancing from a novice stage towards expertise. For the review of findings, three
participants responded with feedback, which involved confirming, modifying or correcting
the researchers’ interpretation, as represented in the CTA results.

Based on the analysis of the data, four broad thematic categories were identified for the
various stages of the ESD procedure:

. Learning goals: Key skills, rules, and insights that should be part of the
practitioner’s awareness as they learn ESD steps and advance toward proficiency.
E.g. Knowing how to choose the optimal plane of dissection, such that the
resection achieves the maximum possible submucosal depth while remaining
adequately above the muscularis. Themes in the Learning Goals category form
the basis for strategies and decisions, and are therefore fundamental to any
design criteria in terms of training.

. Challenges & concerns: Typical or routinely encountered difficulties and
barriers to safe and effective execution of procedural tasks. These include
anatomy & physiology-related barriers, such as the narrow width of the
submucosal layer within which to maneuver the surgical knife; skill &
competency-related challenges, such as knowing which vessels to preemptively
coagulate (to avoid bleeding) and which ones to leave alone; and equipment &
material-related challenges, such as the low ‘holding strength’ of injectates like
saline, causes it to easily overflow, necessitating frequent injecting to maintain
lift of the lesion-flap above the submucosa. From a cognitive task perspective, it
is important to identify the key challenges at each stage, and incorporate them
into the design considerations for a training system. This would allow the trainee
to hone their ability to recognize and anticipate critical barriers while proceeding
with ESD, and develop their decision-making and strategic adaptation
accordingly.
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. Strategies: In our analysis, “strategies’ are defined as methods, techniques, plans
of action that should be employed to effectively and safely execute each step in
the procedure. This includes ways to achieve the objectives for each stage of the
procedure, while overcoming specific challenges and concerns. For instance, a
strategy used by experts to avoid a larger number of blood vessels during
dissection, is to cut as low, i.e. close to the muscularis, as possible. The basis of
this strategy is that vessels are fewer and wider near the muscularis, and
therefore easier to detect and coagulate, than near the mucosa, where they are
more branched out, numerous and thinner, and therefore harder to see and avoid
or coagulate. Execution of any strategy, of course, involves having or developing
the skill to do so. Therefore, from a training-design perspective, it is important to
identify, the set of strategies necessary for ESD, as well as the requisite skills to
enable successful execution of the strategies.

. Decision making: The procedure involves a high degree of adaptation based on
the dynamics of the field. Therefore, there are several decisions involved at
various stages, in terms of choosing between strategies or plans of actions. E.g.
To pursue circumferential resection or tunneling. Appendix 1 provides decision-
making tables which describe the various decisions indicated in the Tables 1A~
D. The decision-making criteria dictate the strategies to be used in the ensuing
steps of the procedure. Therefore, these criteria should be considered in concert
with the other thematic categories when designing the training system.

Detailed themes under each of the above categories are described and mapped to the various
steps of the ESD procedure and represented in Tables 1A-D. This format allows for a
sufficient representation of context for each category of cognitive insights for each stage of
the procedure. That is to say, the learning goals, challenges, strategies and decisions, can be
viewed and understood in relationship to each other for a given task, within the hierarchical
task-structure. For instance, under the Stage 2.0 of the procedure — “Demarcate the area for
dissection”, one of the early tasks is to, “Identify the size and type of the lesion”. One of the
learning goals, apart from familiarity with classification schemes, is to be able to decide
whether the lesion is suitable for ESD or not. However, the challenge is that it is difficult to
make this decision until the procedure actually starts, as the deeper margins and ‘pit-pattern’
are not perceptible until that point. Therefore, a strategy that could be used is to better
visualize the pit-pattern is to use near-focus magnification endoscopy, which would enable
the surgeon to decide earlier in the procedure whether or not to proceed with ESD. The
content in each cell can be much more detailed given the varying complexity of each task
and sub-task. However, the key insights are represented here at a level of detail that is
sufficient to guide the design of a training system. If required, and within the scope of
design, more detailed description can be developed.

Themes by Experience Levels:

Participants in the study had varying levels of experience in both Gl procedures and ESD
itself. As a result, differences were found in learning requirements, competencies, and
strategies used, based on previous experience and familiarity. Table 2 lists the competencies
for each category of ESD learners/practitioners in each of the ESD steps. The table
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distinguishes between high competency or adeptness (green cells) and low to moderate
competency (yellow cells), with description of the challenge, learning requirement, or
strategy used for several steps. In general, practitioners in the novice category have low
competency in almost all steps of ESD, indicating a need for basic-level training in all
stages, whereas practitioners in the expert category are generally adept in all stages,
requiring only advanced or highly nuanced training in certain tasks (e.g. clip-and-line
traction technique).

The lone participant who was a Gl-expert/ESD-novice stated that the prime skill that would
be transferable from experience as endoscopic surgeons would be the control and maneuver
of the endoscope. This skill would lend itself to high competency in the stages leading up to
the marginal incision phase, such as locating the lesion and marking its boundaries. While
surgeons may be experienced in other procedures involving resections in the colon, the key
skill unique to ESD, is to operate precisely within the submucosal layer. This requires
specific skill-development, including familiarizing oneself with the vasculature of the
submucosa, and adapt cutting and electrocautery techniques accordingly, in order to avoid
bleeding.

Discussion

Interviews and observations of ESD surgeons conducted within a CTA framework helped
identify and systematically represent the cognitive processes involved in learning and
performing the various procedural tasks in ESD. These mainly include learning goals,
challenges/concerns, strategies, and decision involved with each stage and task of the ESD,
as defined by a previous hierarchical task analysis (HTA) [28]. Capturing these insights at a
fundamental level is key from a learning perspective, and consequently from a training
design perspective. However, the CTA also unraveled the inherent complexity of the
procedure, arising from dynamic intersections between the various categories of task
variables, such as instruments, lesion type, tissue type (vascular/fibrotic etc.), technique and
so on. While the aim of the CTA was not to achieve 100% replication of complexity and
detail (of anatomical features, techniques, interactions etc.), it illuminated the progression of
nuanced skills in the journey from novice to expertise. More importantly, the CTA identified
ways in which the basic concepts and rules are actually instantiated in practice, considering
the complexity of the procedure. For instance, when dissecting through the submucosa, a
key precaution is to avoid bleeding. Knowing that blood vessels are wider and less branched
at deeper levels than more superficial levels, it is advisable to keep the plane of dissection as
close to the muscularis as possible. However, this increases the chance of perforating the
muscularis, and also losing orientation of the knife position relative to the lesion boundaries.
Therefore, a safe practice, especially for beginners, is to cut 2mm at a time, then
withdrawing the scope to get a better view of the field and ensure that the dissection is
proceeding in the correct direction. Incorporating such insights in guided instruction is
crucial in bridging the gap between conceptual knowledge and procedural and other concrete
details [31].

The CTA helped identify various tacit cognitive processes of ESD practitioners, especially of
experts, including insights that are not usually explicitly taught to learners. These included
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nuances related to various skills and maneuvers, such as the use of subtle proprioceptive
cues through the endoscope control to determine whether the knife tip has breached the
submucosal boundary into the muscularis. While this may be more of a tacit cue utilized in
addition to the more explicit visual cues, the participant who recalled this cue only did so
upon specific probing by the interviewer about proprioceptive cues. Another tacit cue that
the knife is in the optimal plane of dissection, i.e. deep in the submucosa, just above the
muscularis, is the presence of thicker and fewer blood vessels (as mentioned above).
Conversely, encountering thinner and more branched out vessels provides an indication that
the cutting plane is not as low as it should be. Making these tacit or implicit cues explicit is
helpful in translating them into teachable insights. This effect is consistent with the findings
of several studies which have employed CTA in developing teaching programs for various
types of surgery [19, 24].

Although the hierarchical taxonomy-like representation of the ESD procedure provides a
convenient template to organize the CTA findings, the CTA also revealed that this sequence
is not always strictly linear or hierarchical. The adaptive nature of the procedure implies that
there is often some back-and-forth between certain steps, such as starting with partial
circumferential incision, then partly through the dissection deciding to switch to a tunneling
or pocket-creation approach. This needs to be kept in mind when informing the design of
any didactic for ESD. That being said, however, we found that the ESD procedure, largely
follows the sequence of tasks listed through the HTA [28]. Therefore, we found the level of
granularity and detail in the HTA-based representation to be useful in terms of guiding the
CTA questions and organizing the themes.

Participants represented a continuum of expertise, ranging from novice to super-expert.
Therefore, the information presented in this paper represents the perspectives of learners at
different stages of the learning curve. That said, the intermediate category of Gl-expert/ESD-
novice comprised just one participant. Therefore, future work should involve eliciting
perspectives from additional participants in this category in order to validate findings, and
address the specific learning needs of this subset of practitioners in the surgical endoscopy
community. Overall, however, the study demonstrates the CTA framework’s potential to
develop specific training and design insights for varying levels of skill and expertise. In
other words, the framework can be used to provide adaptive training according to the
trainee’s progress along the learning curve. For instance, novices may be trained to dissect
with a short-tip knife (e.g. Dual knife) and a coagulating current in order to minimize the
risk of perforation and bleeding; intermediate-level trainees could advance to the use of
more aggressive knives, e.g. Hook knife, in tissues with low vasculature and high fibrosity,
as these knives cut more efficiently, but with higher chance of causing bleeding in highly
vascular tissue; and experts could practice the use of aggressive knives in a wider range of
vasculature, as they are adept at avoiding/managing bleeding with less aggressive knives.
This use of CTA for differential training insights for different competency levels is unique in
the surgical training literature.
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Future work:

The value of the findings presented in this paper can only be validated when applied to the
design and development of training systems, such as simulators. Future work related to the
current findings involves the design of a virtual reality based training simulator for
colorectal ESD. Table 3 shows an example of translation of CTA findings to specific design
insights for the simulator. A comprehensive list of insights for the various facets of a training
simulator, including virtual tissue image rendering, instrument modeling, and tissue
response based on instrument control, will be generated based on the CTA. The ultimate aim
of the simulator would be to support the learning goals for each stage of the procedure by
incorporating the cognitive aspects of each task into its design elements.
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Appendix 1 —: Decision Tables

Factors affecting knife choice:

Lesion type | Organwall | Fibrosity | Vascularity | Expertise

Mucosal Thick wall | More More High

Sub-mucosal | 7hin wall Less Less Low

Key: Choice of knife
Aggressive knife (E.g. Hook) - more precise, cutting, long tip

Non-aggressive knife (E.g. Dual, IT/IT2/IT-Nano) - less precise, burning, short tip

Positioning the patient - Gravity:

Useful for Not useful for

Small to mid-size lesions | Too small (weight does nothing), and too large and bulky

Direction of Cut/Dissection:

Rectal Colonic If gravity can be used to pull lesion down

Start distal | Start proximal | Bottom first, then top and come down
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Circumferential cutting or Tunneling Method:

Adequate traction + Good fluid retention | Inadequate traction / Poor fluid retention

Circumferential Tunneling

Currents: Cut and Coag:

Vascular/ Bleeding No-bleeding Fibrotic

High Coag (Force coag, Swift etc.) | Blended cut (Endo-cut) - adjustable coag and cut | Dry-cut

Knife-Cut o

r Coag:

Avrtery or big vein Small venules (narrower than knife tip)

Skeletonize using coag-graspers or forceps | Cut through - knife tip should coagulate the vessel
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Questions - General Categories:

What are the main goals and priorities at this stage?

What factors determine the choice of equipment?

What skills are involved in terms of endoscopic control, tissue manipulation, electrocautery etc.?
What are the main challenges and concerns at this stage?

What precautions or preventive measures do you use to overcome the risk?

What alternative strategies can be used?

What decisions are involved?

Exemplar Questions Specific to Various Stages of ESD:

Stage 1.0: Prepare for the Procedure

What type of knife and electrocautery setting do you start with? What factors determine this choice?
Stage 2.0: Demarcate the area for dissection:

How do you decide whether or not to proceed with ESD. based on your inspection of the lesion?
Stage 3.0: Inject solution into submucosa:

If the injectate has low holding strength, e.g. saline, what compensatory strategies do you use to maintain
sufficient lift of the tissue above the knife tip?

Stage 4.0: Make the marginal incision into the area of dissection:
Does it matter where along the circumference, you make the initial incision — proximally vs. distally?
Stage 5.0: Dissect the submucosa beneath the lesion/tumor:

How do ensure that you are maintaining the optimal plane of dissection as you are cutting? What are the
criteria for choosing the depth of the dissection plane?

How do you prevent or avoid bleeding in highly vascular tissue? How do you prevent perforating the
muscularis when the deep margins obscured due to fibrosis of the tissue?

Stage 6.0: Remove/retrieve the lesion:

What precautions and strategies are involved in ensuring that the entire lesion is removed without any tear
or damage (after the dissection is completed)?

Stage 7.0: Evaluate the lesion bed for bleeding/perforation:

What visual cues are used in recognizing potential bleeders? / How do you decide which vessels to
coagulate and which ones to leave alone, in order to prevent delayed bleeding?

Stage 8.0: Send the lesion for histopathology: What are the standards for specimen preparation, and
what precautions and techniques are involved in preparing the lesion specimen for histopathology?

Figure 1.
Sample CTA interview questions by stage of ESD procedure
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Table 3:
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Example of translation of CTA findings for dissection task into design insight for simulator

ESD Task

CTA Findings

Learning Goal

Challenge/Concern

Strategy and Decision
Making

Design Insight

Dissecting through
tissue varying in
vasculature and/or
fibrosity

Adapting between
coagulating and
cutting currents
according to tissue
dynamics

Potential for excessive
carbonization with
coag., and perforation
with cutting current

Use more coag current (e.g.
Swift coag) to avoid bleeding;
when more cutting required,
say, with fibrosis, use less
cutting current (e.g. dry cut) to
avoid cutting a vessel

3 settings for the simulator using
just blended current (endo-cut): 1-
3 (Coag), 2-2 (cut-coag), 3-1
(Cut). Participant switches
between these settings for:
bleeding, normal submucosa,
fibrosis, respectively
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