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Abstract

Aims

The levels of abstraction, vast vocabulary and high cognitive load present significant
challenges in undergraduate histopathology education. Self-determination theory describes
three psychological needs which promote intrinsic motivation. This paper describes, evaluates
and justifies a remotely conducted, post-COVID histopathology placement designed to foster

intrinsic motivation.

Methods

90 fourth-year medical students took part in combined synchronous and asynchronous remote
placements integrating virtual microscopy into complete patient narratives through Google
Classroom, culminating in remote, simulated multidisciplinary team meeting sessions allowing
participants to vote on ‘red flag’ signs and symptoms, investigations, histological diagnoses,
staging and management of simulated virtual patients. The placement was designed to foster
autonomy, competence and relatedness, generating authenticity, transdisciplinary integration
and clinical relevance. A post-positivistic evaluation was undertaken with a validated pre- and

post-placement questionnaire capturing quantitative and qualitative data.

Results

There was a significant (p < 0.001) improvement in interest, confidence and competence in
histopathology. Clinical integration and relevance, access to interactive resources and
collaborative learning promoted engagement and sustainability post-COVID. Barriers to online
engagement included participant lack of confidence and self-awareness in front of peers.

Conclusions

Fostering autonomy, competence and relatedness in post-COVID, remote educational designs
can promote intrinsic motivation and authentic educational experiences. Ensuring
transdisciplinary clinical integration, the appropriate use of novel technology and a focus on
patient narratives can underpin the relevance of undergraduate histopathology education. The
presentation of normal and diseased tissue in this way can serve as an important mode for the

acquisition and application of clinically relevant knowledge expected of graduates.
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INTRODUCTION

The challenges for educators and learners in undergraduate histopathology education are well
documented. Students struggle with the vast new terminology, the levels of abstraction, the
insufficient time devoted to histopathology teaching and the lack of easily accessible
resources.® Graduating doctors consequently report a worrying lack of understanding in
histopathology, which is a source of deterrence for doctors pursuing a career in this field.2
There are concerns for the ever-dwindling international histopathology workforce.®* As such,
a move away from simple memorisation towards integration and application is suggested to

enhance undergraduate interest in histopathology.®

Digital resources in histopathology education have been evolving over the last two decades.®
Virtual microscopy presents an advantageous platform to present high-quality resources which
can be accessed remotely and is transforming pathology education.” The COVID-19 pandemic

has accelerated the need to digitise resources.®®

Digital systems facilitating remote access to learning resources are important;'° however, the
theoretical underpinnings guiding the use of digital resources are critical in maximising the
utility and relevance of the resources and guiding how educators can best use them. This is
particularly key to consider in post-COVID pivots to online learning as achieving such clinical
integration will involve a complex interplay of direct pedagogy associated with the primary

methods of learning, as well as the added complexity of remote digital solutions.

The COVID-19 pandemic has necessitated a revolution, rather than evolution, of pivots to
remote and online education.* As such, important issues relating to the manner in which digital
pathology resources are integrated into educational designs must be addressed to maintain

excellent post-COVID pathology education.



This study describes, evaluates, and justifies a novel placement in histopathology for
undergraduate UK medical students that contains virtual microscopy, integrating digital
pathology resources into complete patient narratives and simulated multidisciplinary team
meetings (MDTSs), fostering intrinsic motivation through considerations of autonomy,

competence and relatedness.

Aim
1) To design and deploy a theoretically underpinned, remote, clinically integrated
histopathology placement.

2) To evaluate this educational design in terms of Kirkpatrick hierarchy levels 1 and 2.

METHODS

Theoretical underpinning

Effective learning requires a motivation to learn. This motivation may be extrinsic, driven by
forces such as reward or punishment, or intrinsic, driven by interest, enjoyment and curiosity.
Intrinsic motivation is associated with higher achievement rates than extrinsic motivation.*? It
is facilitated through a process of internalisation, where external self-regulations can transform
into internalised habits and motives, generating a feeling of autonomous self-regulation and

value.

Self-determination theory (SDT) describes how addressing three psychological needs can
promote internalisation and, consequently, intrinsic motivation.*® The design of this placement

was constructed to foster these three psychological needs (Figure 1).
[Insert Figure 1 near here]

Autonomy refers to the need to be one's own origin or source of behaviour. This was enabled

through flexible, remote access to digital resources and the power for a group of learners to



determine the progression of simulated, virtual clinical cases. Competence refers to the need to
feel effective in whatever actions one pursues and performs. This was generated through the
application of knowledge in establishing complete patient histories, interpreting investigations
and determining progressively complex histological diagnoses. Relatedness refers to the need
to feel connected with others, to have a sense of belonging with others and a community.** The
collaborative nature of the asynchronous activities and the synchronous simulated MDT
session permitted social interactions, discussions and votes, bringing students together with

peers and tutors to share and develop ideas.

Allowing autonomy in the interpretation of investigations, histology and management planning
permitted clinical authenticity, thereby generating a replication of genuine clinical practice and

promotion of professional values.®®

Transdisciplinary, integrated clinical learning

Integrated learning, in the context of this placement, refers to the organisation of education in
a way that traverses subject matter lines and allows for the assimilation of various aspects of
the curriculum into meaningful associations, steeped in genuine, patient-centred clinical
practice.*® This places histopathology into relevant and important clinical context, reflecting
the specialty’s fundamental clinical importance and shifts away from isolated histopathology

education.

Asynchronous learning activities
Groups of 12-15 students joined the Google Classroom virtual learning environment. Table 1
describes the structure of activities within this environment, with corresponding references to

the key elements of self-determination theory: competence, autonomy, and relatedness.



Education Activity

Description

Competence

Autonomy

Relatedness

Eliciting a history

Students were provided with a clinical vignette, based

In responding to the questions asked,

Students were free

Collaborative approach to history

not requested by a student, then the results of this investigation
were not provided. If a requested investigation was not
clinically appropriate, then the student requesting the
investigation were asked to explain the reasoning for the
request.

their contribution has led to
progression of the ‘patient
journey’. Encouragement

of reflective practice to develop
expertise.

justify investigations and determine
clinical relevance / appropriateness
of the investigatory approach.

(asynchronous) upon common real-life student would feel a sense of to choose any questions they felt  [taking encouraged development of
scenarios. Students worked collaboratively to ‘ask questions’ toeffectiveness in their ability were relevant and appropriate to teamwork. Direct and non-
A virtual patient. Students were then provided with a complete [to perform the task. The sense ask. Seeking student input judgemental
medical history in response to the questions asked. of volition. conveys empathy. Student communication between peers and
contribution is encouraged rather facilitators.
than mandated (minimisation of
controlling words).
Requesting Students then offered their suggestions on the required In suggesting an appropriate request, [Students were free to request any Shifting the focus from the
investigations investigations. Only investigations which were clinically students would feel a sense of investigation they felt were perspective of the
(asynchronous) appropriate were ‘accepted’. If an important investigation was faccomplishment that appropriate. Encouraged to facilitator (provider) to the

student (receiver) of the feedback.

Differential diagnoses
(asynchronous)

Students report on abnormalities in the investigations and
present a differential diagnosis based on the questions asked
(history) and investigations requested (if appropriate).

Self-monitoring of

lknowledge within the context of a
virtual ‘real-life’ clinical

case. Difficulty pitched at an
appropriate level to avoid
undermining a sense of competence.

IAutonomy is facilitated through the
use of encouraging questions and
providing meaningful

satisfactory answers.

Feedback provided was non-
judgemental and kind, allowing
students to build a self- image of
strengths and weaknesses.

Exploration of virtual
histology
(asynchronous)

Students remotely explore fully annotated virtual histology
from “patient”, guiding their interpretation and compare the
images with normal virtual histology.

IApplication of previously acquired
histology and pathology knowledge to
A clinical case

Flexible, remote access to digital
pathology platform. Curiosity-
based exploration of annotated
virtual histology.

The group all have access to the same
images, building a sense of
collaboration and community.

Simulated MDT
(synchronous)

Facilitated by a tutor, the group adopt the roles of a
multidisciplinary team and discuss and vote on “red flag”
symptoms, further investigations, how to obtain tissue,
histological diagnoses, staging and further

management. Students follow a similar process for two new,
unseen patients. The session ends with feedback based on the
actual histological diagnoses and how patients with those
diagnoses are normally investigated and managed, including
reference to immunohistochemistry and personalised cancer
therapy.

IStudents engage in self-monitoring
of their capabilities in the subject
matter and obtain feedback on their
competence by peers and the
facilitators. Growing sense

of mastery.

IThrough the asynchronous learning
tasks, culminating in the simulated
MDT, there is a sense of

student contribution to patient
care and a perception of self-

rogression.

[The significance of entrusting
professional activities upon the
learners. The session was delivered
with no pressure (no assessment) and
no judgement.

Students had a ‘voice” which shapes
the discussion and outcome.

ICollaboration within a peer-
group within a fun, stimulating, and
dynamic learning environment.

Increasing sense of community
between learners and professional
community. Working within a peer-
group where the focus is shifted from
the individual to the context.

Table 1: Synchronous and asynchronous activities undertaken throughout the placement and their underpinning in self-determination theory




Students were given a presenting complaint and directed to ask questions to elicit a complete
history in the comments sections. They were then prompted to request investigations, which
invariably included obtaining tissue for histological assessment. Students were instructed that
investigations needed to be clinically relevant, and inappropriate investigations would be
rejected, further reflecting genuine clinical practice and creating authenticity. Students were
given the investigations they requested, including access to a digital pathology platform that
contained annotated normal tissue and tissue from the patient. They were then prompted to
determine the abnormalities and suggest an initial management plan. The total learning time
students spent on this asynchronous component of the placement was 4 - 6 hours. During this
asynchronous stage, the facilitator acted as the virtual simulated patient and was provided with
exhaustive potential answers in response to questions posed by the students during the history
taking tasks. The facilitator was also provided with multiple clinically relevant investigations
and was directed to post the investigations that the students requested onto Google Classroom
(see supplementary material appendix 1 for screenshots from the Google Classroom and

appendix 2 for a detailed flowchart of activities).

Synchronous learning activity

The culminating session within this placement was a synchronous, remote, simulated
multidisciplinary team meeting, where each student adopted the role of a core member of the
MDT (e.g., secondary care physician, radiologist, surgeon, oncologist and histopathologist),

facilitating a related, transdisciplinary, authentic learning experience.

During the simulated MDT session, the facilitator reviewed the cases and, using the comments
from Google Classroom, prompted discussions and conducted online voting relating to the ‘red
flag’ signs and symptoms exhibited by the virtual patients, the abnormalities identified in the

investigations, the histological diagnoses, staging and grading of malignancies, as well as



management plans. The patient narratives were designed to change depending upon the votes
of students, again permitting learner autonomy in controlling the simulated patients’ clinical

outcomes.

New, unseen cases were introduced in the MDT session to facilitate the transfer of newly
acquired skills to more challenging clinical situations, further establishing competence of the
learners. Each complete session was undertaken twice per group, exploring benign and

malignant respiratory and dermatology patient narratives.

Context

Participants were fourth-year medical students on a five-year undergraduate UK medical
school curriculum undertaking a rotation in ‘Cancer Care’. During this rotation, students
normally attend outpatient cancer and palliative care clinics, join inpatient oncology and
haematology ward rounds, attend a local hospice and receive didactic teaching on common
cancer presentations and investigations. There was no histopathology input into this rotation
prior to the described intervention. Fourth year students were selected as they had accrued a
degree of clinical experience, having completed two six-month rotations in general medicine
and general surgery. Students had previously received one isolated module on pathology during
their first year, which introduced broad pathological processes including inflammation and
neoplasia. They had also encountered histology during their first year when learning about
anatomy. These first-year modules were didactic, occasionally incorporating static histology
images, but not light nor virtual microscopy. After this, students had not received any
dedicated teaching relating to pathology or histology and students had not received any

clinically integrated histopathology education at all.

109 students took part in these placements; this number represents all fourth-year students who

have so far rotated through the hospital during the academic year 2020-2021 through COVID



restrictions who consented to take part. Students undertook rotations in groups of
approximately 30. To reduce the ratio of students to facilitators and improve the likelihood of
active participation,!’ two groups of 12-15 students were created for each session with one

tutor per group.

Ethical approval was sought and granted for this work by the University Ethics Sub-Committee
for Medicine and Biological Sciences (reference: 22459-hul15-1s:medicine — see supplementary

material appendix 3 for ethical approval letter).

Resources
Google Classroom was used as the hub for the dissemination of information and tasks. This is

free to use with a Gmail account.

Slide were scanned with a Hamamatsu NanoZoomer S210 digital slide scanner. Philips Xplore
was used as the remotely accessible platform for asynchronous and synchronous virtual slide
viewing, annotating and sharing. Other free digital pathology websites are available, which
would offer similar learning opportunities, notably the Leeds Virtual Pathology website

(https://www.virtualpathology.leeds.ac.uk/).

The creation of the clinical cases, virtual slide sets and material for Google Classroom took
120 hours. Once materials were created, facilitators spent around one hour per placement
responding to the asynchronous components of the course and two to three hours delivering

the synchronous simulated MDT session.

Blackboard Collaborate was the online platform for the remote, simulated MDT meeting.
Interaction was facilitated through webcams and microphones and screen-share features were

used to review the virtual histology. The integrated polling function was used for group voting.



Full learning resources and evaluative tools have been published, and freely available for re-

use.18

Additional pedagogical underpinnings

Virtual microscopy significantly reduces the extraneous cognitive load of the learning event.®
By presenting high-quality histology in a remotely accessible and easy-to-use format, the non-
essential tasks of the learning event are minimised, in stark contrast to traditional methods of
histology teaching such as light microscopy or static images which present significant physical
and psychological barriers to effective education.?’ Virtual histology images were annotated in
keeping with the Multimedia Learning Theory principles; 2! annotations automatically directed
users to the relevant area of the image, at a magnification that best depicted the structure or
process that was annotated. This acknowledges the limited capacity an individual has to process
visual information. Annotations permitted a temporary removal of the irrelevant visual stimuli,
of which there may be many in a histological image, allowing users to actively process,

organise and construct relevant knowledge effectively.

Evaluation

A post-positivist research design was employed for this study,? utilising survey methodology
to obtain quantitative and qualitative data. An anonymous, matched, 13-item questionnaire was
completed before and after the placement (see supplementary material Appendix 4 for full
question schedules). The questionnaires were designed to determine the impact of the
placement on attitudes and confidence (Kirkpatrick level 1) and technical knowledge
(Kirkpatrick level 2).2 Students were asked three clinically applied histopathology-focused
single best answer questions pre-placement and post-placement, which were created by the

authors and reviewed by three consultant histopathologists. The wording of the questions was

10



altered following their input. These questions progressively increased in difficulty and related
to description, identification and application of knowledge. The solutions to the questions were
not discussed or reviewed at any point during the placement. The construct validity and clarity
of the question schedule was refined by a panel of ten consultant histopathologists, who are all
involved in undergraduate and postgraduate education. The questionnaire was piloted with 15
fourth-year medical students to ensure clarity and relevance of items.?* These participants were
not included in the final results. Statistical analysis was performed independently by a medical
data analyst. Pre- and post-placement differences were analysed using McNemar’s test (for the
knowledge-based questions) and Wilcoxon matched-pairs signed-rank test (for the attitudes
and confidence Likert-scaled questions). A thematic analysis of qualitative data was
undertaken. Free-text responses were repeatedly read and coded; patterns that emerged were
named and a thematic map constructed to determine inter-relation.?® A free-text question
relating to contribution in Google Classroom was created to investigate reasons for compliance

or non-compliance with instructions and tasks.

RESULTS
109 students took part in these clerkships. 90 participants completed both pre- and post-

placement questionnaires. Results are presented in Table 2.

11



Table 2: Change in interest, confidence, and knowledge, following participation in the course

Pre-course Post-course

Question Median Mean Median Mean P-value relating to

(xSD) (xSD) median
Interest
How interesting do you find 2 1.8+05 4 3.6+05 <0.001
histopathology?
Confidence
How confident are you identifying 1 16+04 3 3.1+0.6 <0.001
acute inflammatory cells?
How confident are you identifying 1 14+03 3 2605 <0.001
chronic inflammatory cells
How confident are you at 2 20105 4 3.7+05 <0.001
identifying blood vessels?
How confident are you at 2 1.8+04 3 3.2+05 <0.001
identifying  different types of
epithelium?
How confident are you at 1 1.8+04 3 3.0+05 <0.001
identifying normal glandular
structures
How confident are you identifying 1 1.7+£05 3 3.1+05 <0.001
coagulative necrosis
How confident are you 3 3.0+0.38 5 43+05 <0.001
distinguishing the nucleus from the
cytoplasm
How confident are you 1 1.7+£05 4 35+04 <0.001
distinguishing a benign cell from a
malignant cell?
How confident are you 1 14+04 3 26%05 <0.001
distinguishing  dysplasia ~ from
invasive malignancy?
How confident are you 1 14+04 3 3.2+0.6 <0.001
distinguishing positive and negative
immunohistochemistry
Knowledge
Knowledge questions (/3) 1 09+04 3 23+05 <0.001

Analysis conducted using Wilcoxon matched-pairs signed rank test for interest and confidence

and McNemar’s test for knowledge-based questions.

Note: all values refer to a 5-point Likert scale (1 = not at all, 2 = slightly, 3 = moderately, 4 =

quite, 5 = extremely).

12




There was a significant improvement in attitude towards histopathology as a speciality; the
median response to ‘how interesting do you find histopathology?’ shifted from a median 5-
point Likert score of 2 (slightly interested) to 4 (quite interested) (p < 0.001) (Figure 2a and
2b). Similarly, the median response to ‘is seeing the microscopic appearance of a disease useful
in your understanding of that disease?’ rose from 2 (slightly useful) to 4 (quite useful) (p <
0.001). Across the ten questions regarding self-reported confidence in correctly identifying
normal and abnormal histological features, there was a significant improvement across all.
Students were asked three clinically applied histopathology-focused single best answer
questions. The mean number of correct responses increased from 0.9 + 0.4 per student to 2.3 +
0.5 per student, following completion of the placements (p < 0.001).
[Insert Figure 2 near here]

The qualitative data revealed that students valued the manner in which histopathology was
made relevant to their studies and experiences through its integration beyond distinct
disciplines and into clinical context. The staggered release of educational material and flexible,
remote access to digital resources gave students a greater sense of autonomy over their learning.
Students also reflected that the simulated MDT session served as a forum to discuss questions
and topics that arose throughout the placement and that collaborative approaches to learning
alleviated pre-existing anxieties relating to the subject material. Interest was also generated by

the knowledge that student votes impacted on the progression of the cases (Figure 3).

[Insert Figure 3 near here]

Contribution to Google Classroom was not mandated and there was generally excellent
engagement and contribution from participants and facilitators. The questionnaire
demonstrated that barriers to contribution for students was lack of confidence, awareness of
peers seeing their responses, another student already posting their intended contribution and

missing the deadlines for contribution.

13



The placement has been sustainable throughout the pandemic and will continue to be delivered

in this manner going forward.

DISCUSSION

The wide-ranging impacts of the COVID-19 pandemic on medical education are being realised,
and the subsequent revolution of educational practice is under way. The question is no longer
whether online, remote interventions should be used, but how they can be designed in the most
effective way. This study demonstrates a novel application of self-determination theory to
underpin a clinical histopathology placement which has significantly increased participant

interest, confidence and competence in histopathology.

The ‘new normal’ of medical education and its embrace of remotely conducted learning events
must account for the motivation of learners and the manners in which it can be fostered and
maximised. By considering the autonomy, competence and relatedness of remote educational
design, the potential to generate intrinsic motivation in learners can be realised and capitalised
upon. Previous sources of intrinsic motivation which may have been implicit in pre-COVID
clinical learning must be made explicit in the post-COVID educational landscape in order to

maintain excellent standards of clinical learning.

This work builds upon previous research that has established technology,? flipped classroom
approaches, 2" and collaborative learning as advantageous in histopathology education, 2 and
presents a sustainable, novel learning event, underpinned by a new understanding of self-
determination theory which places patient care at its centre, thereby generating interest,

engagement, confidence and competence in clinical histopathology.

14



Through consideration of autonomy, competence and relatedness, as well as transdisciplinary
clinical integration, the authenticity of the educational intervention was maximised. This
approach, in contrast to pathology or histology taught as an isolated module, mirrors the reality
of clinical working, whereby doctors-in-training navigate the uncertainty and complexity of
medicine.?® Complete integration of clinical practice into learning ensures that the development
of knowledge is relevant, meaningful, immersed in clinical practice, tailored to required
outcomes *° and amenable to alteration as part of the iterative evolution of lifelong learning. 3
Integrating histopathology theory and practice in this way allows students to discover the value
of the profession, deduce the core characteristics necessary for competence as a pathologist,

witness the tangible impacts that histopathology has on patient care and to infuse a sense of

meaning and intrigue towards the speciality.

The decision not to include a pass/fail summative assessment in this course was based on the
potential barriers that such assessment strategies present to the development of intrinsic

motivation and authenticity of learning activities.

Although summative assessments can drive learners to acquire, retain and integrate
knowledge,®® their associated rewards and sanctions can be detrimental to professional
development. Learners may prioritise obtaining the best possible marks through rote
memorisation and strategic revision tailored to the criteria of the assessment over a deep
learning approach aimed at understanding, assimilating and applying knowledge into future
professional practice.®® Such learning strategies which permit arrival at a goal by any means
are not aligned with self-determination theory as learner autonomy to develop interest, intrigue,

academic satisfaction, and therefore intrinsic motivation, may be restricted by the assessment.

15



Furthermore, in order to promote intrinsic motivation, there was a need for learning activities
to be clinically authentic. As such, opportunities for discussion and debate, reflective of the
genuine discussions held between a multidisciplinary team were designed into the
asynchronous and synchronous components of this initiative. These debates often revolved
around weighing up multiple reasonable options for patient investigation and management and
their advantages and disadvantages, rather than identifying correct answers from incorrect
answers. This intentionally reflected the nuanced and dynamic nature of clinical medicine. The
need to maintain this clinical authenticity further informed the decision not to include a
summative assessment as promoting the identification of an absolute correct answer may have

stifled the depth of inquiry required for critical reflection in genuine clinical problem solving.

The strengths of this study lie in the thorough validation of data collection tools, sample size
and the repeated use of multiple clinical cases over the academic year. The grounding of this
intervention in pedagogical theory has permitted positive outcomes and the foundations to be
conducted remotely, under the pressures of COVID-19 and remain sustainable beyond
COVID-19. Additionally, this work specifically addresses and minimises risks to

underpinning, resource, setting, pedagogical and content bias, ensuring replicability.

Whilst randomising to control groups would have controlled variables further, this was deemed
unjust in an innovative educational intervention. Other limitations relate to the use of three
single-best answer questions to evaluate Kirkpatrick outcome 2. Although a more extensive
assessment would have permitted greater reliability of findings, there was insufficient time
allocated to be able to conduct a more thorough assessment. More cases, relating to more

benign and malignant conditions would have also permitted further reliability of findings.

16



CONCLUSION

We have demonstrated that an online, remote clinical placement whose design was
underpinned by self-determination theory significantly improved participant interest,
confidence and competence in histopathology. By creating authentic, clinically integrated
learning events which fostered autonomy, competence and relatedness, learners were afforded
the opportunity to participate in activities which facilitated the effective acquisition, synthesis
and application of knowledge in genuinely recreated clinical contexts. This authenticity,
clinical integration and targeted use of digital resources goes some way to mitigating against
the threats posed by the vast vocabulary, levels of abstraction and high cognitive load
associated with histological interpretation. It provides a new dimension through which normal
and diseased tissue can facilitate a comprehensive understanding of illness presentation,

investigation and management.

KEY MESSAGES

- Underpinning remote educational designs with self-determination theory can generate
intrinsic motivation to learn.

- This study is designed to foster autonomy, competence and relatedness, and carefully
consider the application of digital pathology resources in a transdisciplinary, integrated,
authentic manner.

- This has resulted in a significant improvement in undergraduate student interest,

confidence and competence in histopathology

17
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Figure 1: A Venn diagram demonstrating the three psychological needs of self-determination theory which
provide the conceptual framework of this educational design
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Figure 2a: Pre- and post-course group responses to ‘how interesting do you find
histopathology?’
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Figure 2b: Pre- and post-course individual responses to ‘how interesting do you find
histopathology?’
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Figure 3: A thematic map of qualitative responses
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