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ABSTRACT

Interactive and collaborative human anatomy learning provides an infrastructure for health
professional education and forms a backbone for healthcare delivery. Yet, there is a growing trend
among institutions to modernize student learning environments using innovative teaching
alternatives. The adoption of new teaching methods in health professional education has altered
the traditional way students learn human anatomy; therefore, it is important to capture student
perceptions and attitudes to better appreciate the impact of changes of anatomy education. Since
the success of student collaboration depends on the ability to effectively communicate and work
as part of a group or team, examining student feedback on interaction with peers is key to explore
and promote effective collaborative learning. The work in this thesis sought to understand how
different modes of teaching and course design influenced student perceptions and attitudes about
interaction and collaboration. The specific objectives were intended to use student feedback on
learning in two different environments, namely technology-based (TBAE) and cadaver-based
anatomy education (CBAE), to analyze the potential of those environments to foster the shared
learning necessary for interprofessional education (IPE). The results of the first study revealed that
the flexibility of the TBAE environment promoted personalized and independent learning,
impacting student perceived need for social interactions: both interaction with their instructors and
peers. Based on student feedback, the study provides recommendations intended to promote peer
interaction and collaboration as a basis for shared learning in introductory technology-based
anatomy courses. The results of the second study showed that the CBAE environment, using either
dissection or prosections, provided a foundation for collaborative and hands-on learning. The
difference between students’ backgrounds and prior anatomical knowledge influenced the
dynamics of their teamwork and collaboration during interprofessional dissections-based
activities. Based on the feedback received, the study highlights a set of recommendations that
could help optimize the implementation of collaborative cadaver-based pedagogies as a means for
shared learning in gross anatomy courses. In conclusion, two issues related to instructional
resources and course design appear to limit TBAE and CBAE learning environments as supportive
of IPE. These issues are discussed as implications for interprofessional curriculum design and

implementation.
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CHAPTER 1: INTRODUCTION

Human anatomy is the scientific discipline that seeks to understand the composition and
architecture of bodily systems, organs, and tissues. For any healthcare practitioner, a good
knowledge and understanding of human anatomy is essential to facilitate clinical investigation and
the communication of findings with other health professionals using shared terminology
(McCuskey et al., 2005; Turney, 2007). Moreover, since human anatomy is foundational, it is a
common ground for different groups of health professional students, presenting a greater
opportunity for learning from a set of common objectives (Sytsma et al., 2015). Learning human
anatomy collaboratively, therefore, has the potential to provide an infrastructure for
interprofessional education, forming a backbone for interprofessional healthcare delivery (Palmer

et al., 2020; Herrmann et al., 2015).

In addition to providing a basis for health interprofessional education, there are additional
advantages that can be achieved when human anatomy is learned collaboratively. These
advantages include (1) promoting active learning that creates a profound educational experience
through a sense of ownership and control over the learning process (Vasan et al., 2011), (2)
addressing the challenge of low instructor-to-student ratios (Duran et al., 2012), and (3) improving
student outcomes (Vasan et al., 2011). Collaborative anatomy learning provides students with
opportunities to practice communication, teamwork, and leadership in early stages of their health
professional education (Pawlina et al., 2006). Feingold et al. (2008), investigating the impact of
collaborative learning between nursing students, further demonstrated that students relate the

concept of group work to their future roles as members of healthcare teams. Therefore, early



experiences in interprofessional health education are strategic to greater collaboration during later

clinical years of education and subsequent professional practice (Harden, 2015).

Anatomy continues to be a component of health professional education, but the nature and extent
of anatomy instruction changed substantially in the late 20" and early 21 century. This was driven
(especially in the medical school education) by increasing demands on curricular time due to the
growth of biomedical knowledge and a greater integration of clinical sciences in areas once the
domain solely of basic science (Drake, 2014). A key area of change has been the reduction in
cadaveric dissection by students and a greater reliance on pre-dissected specimens (Ashdown et
al., 2013; Lackey-Cornelison et al., 2020). Another element of the change has been the adoption
of alternative teaching approaches that take advantage of technology permitting teaching of large
numbers of students, free of constraints of a classroom or lab, and reaching students at remote

locations (Attardi & Rogers, 2015; Kaufman, 1989).

The impact of different modes of content delivery on anatomy education has been the subject of
study, notably during the COVID-19 pandemic where online teaching was increased, and the use
of cadavers was reduced or eliminated (Attardi & Rogers, 2015; Attardi et al., 2018; Singh et al.,
2020; Zarcone & Saverino, 2022). However, further investigation into these modes of teaching is
warranted to assess fully their impact. The focus of the work presented in this thesis examines the
effect of two modes of anatomy teaching (technology-based and cadaver-based) on student
interaction (Moore, 1989) which is an important feature of teaching and learning (Cornelius-

White, 2007; Roorda et al., 2011).



The success of collaborative learning depends on the ability of students to effectively communicate
and work as part of a group or a team (Evans & Cuffe, 2009). Thus, gathering feedback from
students about their experience (interaction) can provide insights into the design of effective
collaborative learning. Student feedback provides institutions with information that captures the
needs, and monitor the satisfaction, of students, which can aid decision-making in the process of
planning and introducing changes, as needed (Murray, 1997). Therefore, the key approach used in

this thesis was to assess student perceptions about their learning.

The following literature review will first outline the different types of student interactions and how
they support active learning. Then, the role of effective collaboration in health professional
practice and education will be explored; this is followed by a brief overview of the status quo of
human anatomy education as a potential opportunity to promote interprofessional education (IPE).
The use of student feedback to enhance teaching and learning will then be discussed in terms of

how to optimize the effectiveness of this source of information to cultivate meaningful change.



CHAPTER 2: LITERATURE REVIEW

2.1 Student interaction and learning

The term “interaction” is often used in educational literature to refer to student social
communication with the instructor or with other students. However, the term is increasingly
employed to describe student engagement with educational content. In 1989, Moore highlighted
the importance of characterizing different forms of student interactivity, establishing three distinct
types: student-content (S-C) interaction, student-instructor (S-I) interaction, and student-student
(S-S) interaction (Figure 1). Although the focus of Moore’s arguments was in relation to distance
education, such student interaction is considered pivotal to learning in all forms of education
(Holmberg, 1983; Simpson & Galbo, 1986; Anderson, 2003; Wei et al.,2019). Recognizing
Moore’s typology in any given educational setting provides a framework to design interactive
processes that help to better suit the different learning needs of students. From these types of
interactions emerge two student-centered pedagogical concepts, independent learning and
collaborative learning, which enable students to assume ownership and active control of their

learning.

Figure 1: Three types of student interactions (Moore, 1989).



2.1.1 Student interaction with content (S-C)

According to Moore (1989), the first type of student interaction is with the educational content,
which occurs when students engage with a course material to construct meaning and establish new
knowledge. S-C interaction is typically facilitated by the course instructor directly in a classroom
or indirectly via technology when it is used for content delivery. S-C interaction can also be seen
in numerous forms of student solo activities. Examples of these activities include basic tasks such
as using study guides, reading informative texts, taking formative quizzes, and viewing recorded
lectures or other computer-based multimedia resources and interactive modules. S-C interaction
may as well be fostered through more complex tasks such as completing an assignment or working

on a project, which often require students to search and process information independently.

Moore (1989) regarded S-C interaction as a guided “internal didactic” process, a view introduced
by Holmberg (1986) who suggested that learners “talk to themselves” about the information and
ideas they encounter in an educational setting. Moreover, Moore (1989) positioned S-C interaction
at the heart of the learning experience. Without this fundamental type of interaction, he argued that
learning could not take place. This is merely because the learning process entails intellectual
interaction with content, which results in changes in the understanding, perspective, or the

cognitive structure of the learner’s mind (Moore, 1989).

2.1.2 Student interaction with the instructor (S-I)
The second type of student interaction is commonly established when the instructor communicates
with students to explain the educational content and stimulate them by providing feedback and

guidance (Moore, 1989). Conversely, S-I interaction can be initiated when students communicate



with the instructor to ask questions. Research shows that the instructor’s verbal and nonverbal
immediacy behaviours can minimize the psychological distance between them and their students,
leading to greater learning (Gorham, 1988; Velez & Cano, 2012; Al Ghamdi, 2017). Examples of
verbal actions include humour, self-disclosure, soliciting opinions, and giving praise. Examples of

nonverbal actions include physical proximity, eye contact, facial expressions, touch, and gestures.

2.1.3 Student interaction with peer students (S-S)

The third type of interaction occurs between two or a group of students enrolled in the same course,
with or without the presence of an instructor (Moore, 1989). Research suggests that
communication between students is supportive to learning (Hurst et al., 2013). The ability to
network, whether to ask questions, share ideas or disagree with others, is a basic need in the
learning process. According to Picciano (2002), gaps in students’ knowledge may be compensated
for, or complemented by, their peers’ knowledge, representing an advantage of group learning. In
addition to the advantage of cultivating collective intelligence, individuals working together tend

to provide social and emotional support to each other (Haythornthwaite, 2001).

2.1.4 Independent learning

Driven by S-C interaction is the concept of independent learning, in which students work,
individually and at their own level and rate, toward achieving a learning goal (Gokhale, 1995).
According to Moore (1984), independent learning occurs when students work with less
dependence on traditional instructor support and with less structured educational materials.
Independent learners learn through their actions - they direct, regulate, and assess their learning
(Pintrich, 2000; Livingston, 2012). Taking responsibility for carrying out their learning,

independent learners can set goals and decide how to meet their learning needs, monitor their



progress, and self-assess the outcomes (Livingston, 2012). The independent learner is thus
perceived as a decision-maker who possess (or will develop) a capacity to choose from the tools

and resources available to create learning required to achieve an anticipated outcome (Chan, 2003).

Effective independent learning entails three sets of skills: (1) cognitive skills such as memory,
attention and problem-solving, (2) metacognitive skills which include awareness of one’s
cognitive functioning, understanding how to learn, and how to apply learning in different
situations, and (3) affective skills like feelings and emotions, including self-reliance, self-efficacy,
and motivation (Meyer et al., 2008, Livingston, 2012). According to ZydZi@inaité et al. (2014),
learners’ autonomy and self-identity prevail when they assume a positive attitude toward the
purpose and process of learning, exerting greater control over the content and learning methods.
As a method for active learning, independent learning is recognized for improving the educational
experience and outcomes because it utilizes self-centred learning approaches that enable students

to personalize and take ownership of learning (Meyer et al., 2008).

Despite being self-motivated, self-directed and able to interact with the content presented,
independent learners may demonstrate vulnerability when it comes to application of knowledge
(Moore, 1989). The lack of expertise in the subject matter leaves independent students uncertain
whether they are applying the knowledge they developed correctly or not. Most often, the lack of
S-I interaction will consequently impede the ability of the instructors and their students to achieve
the anticipated level of understanding. Therefore, some degree of S-I interaction is valuable to

support learning, in particular through evaluation and feedback (Moore, 1989).



2.1.5 Collaborative learning

Collaborative learning depends on S-S interaction. Collaborative learning requires students with
different performance levels to work together in a group to achieve a common learning goal
(Gokhale, 1995), which could be completing a task, solving a problem, or creating a product (Laal
& Laal, 2012). As an active learning method, collaborative learning entails individuals taking
charge of their actions and appreciating the skills and contributions of their peers (Laal & Ghodsi,

2012).

The variety of knowledge and experience within a group of students can benefit the collaborative
learning process. Since students in a group may exhibit multiple interpretations of a particular
event, individual student learning is enhanced when problem-solving strategies and decision-
making skills are integrated in cooperation and harmony with others (Baumberger-Henry, 2005).
Cooperation allows students to interact and engage with peers to propose and defend ideas,
exchange perspectives, and investigate analytical approaches (Srinivas, 2011). Vygotsky et al.
(1978) highlighted that individuals who work in collaborative situations tend to perform at higher
intellectual levels than when they work individually. Students in a collaborative environment tend
to assume responsibility for their learning and the learning of others in the group because the
success of each other contributes to their overall success (Gokhale, 2012). As a result, peer
interaction and support enable students to assimilate external knowledge and critical thinking
abilities and convert them into intellectual functioning tools (Bold, 2008; Anderson & Soden,
2001). Compared to competitive and individualistic learning, collaborative learning has a greater
potential to result in better productivity, higher achievement, enhanced self-stream, and more

supportive, caring and committed relationships with peers (Laal & Ghodsi, 2012).



2.2 Conceptualizing effective collaboration in healthcare systems

Fundamental to modern healthcare systems is the Triple Aim: ultimate care for individuals, better
health for populations, and reduced costs of care (Farmanova et al., 2016). As a result, the complex
nature of healthcare delivery necessitates team-based approaches with effective collaboration to

deliver comprehensive services (WHO, 2010).

2.2.1 Interprofessional collaboration (IPC)

According to the World Health Organization (WHO, 2010), interprofessional collaboration (IPC)
occurs when multiple health professionals from different backgrounds provide comprehensive
services by working together with patients, their families, and communities to deliver quality care
across settings. When interprofessional team members work together, they integrate their
observations, expertise, and decision-making processes to coordinate and collaborate with one
another in order to enhance care for a patient or group of patients (Institute of Medicine, 2003). A
growing body of literature evaluating the effect of IPC on health services and patient care
highlights the potential of IPC in advancing healthcare processes and outcomes (Zwarenstein et
al., 2009; Reeves et al., 2017). IPC is recognized for promoting optimal utilization of resources,
which improves accessibility and safety of healthcare services (Oandasan et al., 2006; Mickan et
al., 2010; Kirch & Ast, 2015). IPC is also recognized for strengthening interpersonal skills and
enhancing professional relationships and job satisfaction (Institute of Medicine, 2003; Oandasan
et al., 2006; WHO, 2010). Since future health professionals are often expected to work together
(WHO, 1988), it is imperative for their education to enable mindsets for such a work configuration

(Romanow, 2002; WHO, 2010).



2.2.2 Interprofessional education (IPE)

Due to curricular differences, the education of health professionals has traditionally occurred in
separate environments of different schools and areas of clinical practice (Hall & Weaver, 2001;
Institute of Medicine, 2003; Baldwin, 2007). As a result, students have been educated and
socialized in separation, which could lead to limited knowledge of other health professions
(Curran, 2008). This issue is considered one of the main obstacles to effective collaborative
practice in healthcare (Mariano, 1989; Fagin, 1992). When members of a healthcare team have
limited knowledge of other professionals and/or disciplines, they know very little about their
theoretical perspectives, expertise, practices, responsibilities, skills, and values (Institute of
Medicine, 2003; San Martin-Rodriguez et al., 2005). Such settings are likely to foster hierarchies
leading to exclusive reliance on individual responsibility and decision-making, and a lack of
appreciation for the contributions of the other health professions (Curran, 2008). A promising
means to achieving the Triple Aim of healthcare systems lies in preparing future professionals to
readily engage in the collaborative dynamics of responsive healthcare teams (Institute of Medicine,

2003; Kirch & Ast, 2015).

Interprofessional education (IPE) provides a foundation for IPC. IPE occurs when students from
two or more health professions learn with, from and about each other to cultivate effective
collaboration for improving health outcomes (WHO, 2010). According to the WHO (2010), when
students learn how to work interprofessionally, they are prepared to enter the workplace as
members of a collaborative team. Such a collaborative mindset is key in moving healthcare
systems from fragmentation to a position of strength (WHO, 2010). Research shows that IPE can
result in positive perceptions and increased insights into the work of other professionals in the

team (Parsell et al., 1998; Parsell & Bligh, 1998; Reeves & Freeth, 2002). Moreover, IPE has the
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potential to enhance student perceptions and attitudes about IPC (Lapkin et al., 2013). A review
of the effects of IPE demonstrated that students respond favorably to IPE interventions, reporting
improvement of their attitudes and perceptions of each other and increases in knowledge and skills

pertaining to collaboration (Reeves et al., 2016).

IPE and IPC are interconnected concepts with interdependent collaborative perceptions and
attitudes (WHO, 2010; Reeves et al., 2011). The WHO’s milestone report (2010), The Framework
for Action on Interprofessional Education and Collaborative Practice, highlighted the importance
of contributing stakeholders from all levels to strengthen healthcare system performance and
improve health outcomes, utilizing IPE and IPC as two vehicles (Figures 2 & 3). Harden (2015)
describes immersion into IPE as a ladder that starts with basic collaborative skills and leads to full
immersion into simulations of IPC (Harden, 2015). Although the biases and attitudes of students
are contingent on their early experiences in the educational process (WHO, 1988), IPE initiatives
have generally focused on clinical topics rather than basic science activities (Thistlethwaite, 2015).
According to Kirch and Ast, (2015), brief interprofessional team-based activities in basic sciences

can be beneficial to fostering an understanding and collaboration across professions.

In developing interprofessional activities at a preclinical level, Thistlethwaite (2015) suggests that
it is essential to explicitly outline interprofessional learning outcomes in addition to the content
and process of learning. There are competency frameworks that can be used to set learning
outcomes and successfully gear student perceptions and attitudes toward collaborative practice
(WHO, 2010; Orchard et al., 2010). For example, The Canadian Interprofessional Health
Collaborative National Interprofessional Competency Framework describes the competencies

required for effective collaborative practice (Orchard et al., 2010). Six competency domains
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(namely, Role Clarification, Team Functioning, Patient/Client/Family/Community-Centered Care,
Collaborative Leadership, Interprofessional Communication, and Interprofessional Conflict
Resolution) highlight the knowledge, skills, attitudes, and values that together shape the judgments
that are essential for collaborative practice (Table 1). Generic interprofessional competencies,
especially those related to soft skills such as teamwork and communication, can therefore be

targeted in basic science courses offered to two or more different health professional students.

Student interaction for IPE

A distinction must be made between common learning and the shared learning that is the basis for
IPE. According to the Center for Advancement of Interprofessional Education (CAIPE, 1997),
common learning occurs in multi-professional settings when two or more professions learn
together for any reason, whereas shared learning occurs when two or more professions learn
together with the purpose of cultivating collaborative practice. Shared learning in IPE requires a
greater degree of engagement in interprofessional teamwork and communication to promote the
development of competencies necessary for effective collaboration (Reeves, 2016). For example,
many health professional schools offer introductory anatomy courses where students from all the
professions study their core content. Without a clear picture of collaborative practice,
Thistlethwaite (2015) suggest that such interaction becomes merely multi-professional or parallel

learning (Thistlethwaite, 2015).
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Figure 2: Interprofessional education (IPE) as a vehicle to prepare a collaborative practice-ready
health workforce (adopted from WHO, 2010).
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Figure 3: Interprofessional collaboration (IPC) as a vehicle to achieve optimal health services

(adopted from WHO, 2010).

Table 1: The Canadian Interprofessional Health Collaborative National Competency Framework

(adopted from Orchard et al., 2010).

Core competencies

Definition

Role Clarification

Learners/practitioners understand their own role and the roles of those in other
professions and use this knowledge appropriately to establish and achieve
patient/client/family and community goals.

Team Functioning

Learners/practitioners understand the principles of teamwork dynamics and
group/team processes to enable effective interprofessional collaboration.

Patient/Client/Family/ | Learners/practitioners seek out, integrate and value, as a partner, the input, and
Community-Centered the engagement of the patient/client/family/community in designing &
Care implementing care/services
Collaborative Learners/practitioners understand and can apply leadership principles that
Leadership support a collaborative practice model. This domain supports shared decision-
making as well as leadership, but it also implies continued individual
accountability for one’s own actions, responsibilities and roles as explicitly
defined within one’s professional/disciplinary scope of practice.
Interprofessional Learners/practitioners from different professions communicate with each other
Communication in a collaborative, responsive and responsible manner.
Interprofessional Learners/practitioners actively engage self and others, including the

Conflict Resolution

client/patient/family, in positively and constructively addressing disagreements
as they arise.
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2.3 Human anatomy teaching in health professional education

Long-term retention of anatomical knowledge has become an issue in health professional
education during the period of curricular reform that began in the late 20" century (Drake, 2014;
Masters, 2013; Masters, 2020). Motives behind this ongoing change include the expansion of
knowledge and the rise of topic integration to minimize compartmentalized teaching and testing,
the reduction of teaching hours to provide students with more opportunities and time for self-
directed (independent) learning, and to eliminate redundancy between courses, moving away from

a teacher-centred approach to a more student-centred one (Drake, 2014).

Although didactic lectures are perceived as efficient means to communicate bodies of organized
knowledge and explain facts to large groups of students (Kaur, 2011), dedicating class time to the
delivery of lectures has frequently been criticized (Prober & Heath, 2012). The extensive reliance
on this teacher-centered approach to education focuses on passive transmission of information
without optimal cognitive advancement (Afzal & Babar, 2016). Research shows that retention of
anatomical knowledge improves with interactive approaches to learning (Sugand et al., 2010;
Zumwalt et al., 2010). In response, course directors and curriculum planners have developed
guiding principles for effective education, which include teaching with less reliance on long and
continuous hours of lecturing and the promotion of active learning to improve student outcomes

and retention of knowledge (Korf et al., 2008; Finn & McLachlan, 2010; Lufler et al., 2010).

There is no question about the essentiality of human anatomy in health professional education
(Cotter & Cohan, 2010). What is important is to revamp its inclusion through creativity and
innovations directed at achieving established competencies and outcomes (Pawlina, 2009; Gregory

et al., 2009; Hefler & Ramnanan, 2017).

14



2.3.1 Modernized human anatomy teaching

Effective integration of educational technology in human anatomy teaching has become an
expectation rather than an innovation, largely to accommodate increasing student enrolment
(Attardi & Rogers, 2015). Educational technology has enabled instructors to develop and
disseminate digital learning resources, providing alternatives to traditional methods for content
delivery (like classroom lectures). Furthermore, the use of web-based applications with user-
centered design, such as learning management systems (LMSs)' and social media platforms, has
allowed for further possibilities for interaction and dialogue with and between students in virtual

learning environments (Akcaoglu & Lee, 2018; Sarwar et al., 2019; Kaufman, 1989).

Literature in educational psychology highlights the role of technology integration in aiding
students to become actively involved in the educational process, which underpins more meaningful
learning (Vosniadou et al., 2012). According to Dabbagh et al. (2018), when learning involves
active, constructive, intentional, authentic, and cooperative activities, it lends itself to a meaningful
experience. Thus, technology becomes supportive of meaningful learning when it fulfills a
learning need - when technology facilitates student-initiated and controlled interaction and when
such interaction is conceptually and intellectually engaging (Dabbagh et al., 2018). To this end,
many health professional schools have adopted innovations such as combining the use of
multimedia resources and the flipped classroom method, in which students are provided with
online materials/activities in advance so they can prepare for class on their own time and pace

(Stirling & Birt, 2014; Green et al., 2014). This method focuses on restructuring the scheduled

! According to Turnbull et al. (2020), LMSs are online software platforms that provide an interactive learning
environment and automate the administration, organization and delivery of educational content and the reporting of
learner outcomes.
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lecture time to foster active learning (Day, 2018; Fleagle et al., 2018). Various interactive activities
have been designed to foster student interaction and collaboration in the classroom; these include
problem-based learning (PBL) and team-based learning (TBL) activities, which can be facilitated
with applications of educational technology like the use of audience response systems (Wait et al.,

2009; Gregory et al., 2009; Alexander et al., 2009; Fergusson et al., 2018).

Teaching in the laboratory

Given the pace of technological innovation, there is an ongoing debate on the optimal way to teach
gross anatomy in the laboratory (Estai & Bunk, 2016). Reduced teaching time, paucity of resources
and the growing transition from stand-alone anatomy courses to system-based integrated curricula,
have prompted some educational institutions to abandon traditional methods like whole-body
dissection and adopt cost-effective, less time-consuming, and up-to-date alternatives (Estai &
Bunk, 2016). These alternatives include teaching with more structured dissection activities that
focus on achieving specific and attainable objectives, more prosections’ and plastinated
specimens?, increased attention to living anatomy®, and relying on medical imaging and virtual
representations of human anatomy (Estai & Bunk, 2016). Teaching with such efficient methods
have allowed instructors to use the laboratory time to further encourage student interaction and

collaboration via different modes of active learning (Drake & Pawlina, 2014).

2.3.2 The perfect opportunity to enhance student interaction and collaboration
Since individuals possess different learning styles (Fleming, 1995), the goal of human anatomy

teaching should emphasize enabling a more student-centered multimodal (visual, auditory, and

2 Prosections are professionally dissected cadaveric specimens for educational purposes.

? Plastination, also known as forced polymer impregnation, is a long-term preservation method (described by von
Hagens, 1986), commonly used to elongate the usability of prosections.

4 The anatomy revealed on living individuals by inspection is known as living anatomy.
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kinesthetic) learning experience (Drake & Pawlina, 2014). Designing interactive multimodal
activities in human anatomy focusing on active rather than passive learning experiences provides
opportunities across multiple years in the curriculum to enhance student retention of anatomical
knowledge (Drake & Pawlina, 2014). Research shows that revisiting information in brief,
appropriately spaced sessions may help improve retention (Custers, 2010). In addition to the
advantage of enhancing knowledge retention, the student-centered multimodal approach to human
anatomy education could also provide interprofessional opportunities that stimulate learning for

all types of students.

Given the growing paradigm shift in health professional education from discipline-based courses
to more integrated curricula with competency-based outcomes, it has become insufficient for
human anatomy to only identify the learning outcomes in terms of mastery and knowledge of the
subject or how it contributes to clinical practice (Harden, 2015). Since students’ biases and
attitudes are influenced by their early experiences (WHO, 1988), it is important that, at this basic
level, courses go beyond with contributions to generate interprofessional competencies such as
communication, teamwork skills and the recognition of the roles of other health professions
(Harden, 2015). The introduction of outcome-based education (OBE), which focuses on specific
competencies to be achieved by students, provides continuity across the continuum of the
educational process (Harden & Laidlaw, 2016). Using defined learning objectives, OBE provides
the means to ensure proper consideration is given to topics that might otherwise be neglected and
that the tools used to assess student learning are valid (Harden & Laidlaw, 2016). As a result,
interprofessional competencies focusing on respect and communication between team members
(the promotion of active listening and discussion skills like the ability to give feedback freely) can

be promoted in human anatomy through PBL, TBL and e-learning (online discussion) or blended
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learning, in which e-learning and other face-to-face (F2F) methods are combined (Reeves, 2016).
The proclivity of laboratory-based activities toward interactive and collaborative learning makes

it more amenable to implement IPE (Kirch & Ast, 2015).

The definition of IPE indicates that, to be effective, learning must proceed collaboratively through
a shared process (Thistlethwaite, 2015). However, human anatomy is a content-rich subject with
a high burden of learning, and the depth of knowledge required for anatomy may vary across
different health professions. According to Thistlethwaite (2015), when meaning is created through
context and experience, the learning process becomes similar for all students. Contextualization of
anatomical knowledge can be done through different approaches. The regional approach
emphasizes spatial relationships between structures, whereas the transdisciplinary approach
focuses on relationships between structure and function in individual organs or the body as a
whole. In the clinical approach to contextualization, anatomical knowledge is linked to
pathological or traumatic patient scenarios. Contextualized human anatomy learning can therefore
be designed for different types of students via a collaborative multimodal approach, utilizing
technology, dissection, prosections and many other laboratory-based models and specimens, and
living anatomy (Thistlethwaite, 2015). Consequently, opportunities exist more than ever before to
create new models of teaching and learning that encourage IPE, thereby, promoting IPC that

ultimately could reinforce the healthcare system.

As Thistlethwaite (2015) suggests, anatomists can play a leading role initiating profound student
experiences in health professional education through the learning they design. Therefore, gathering
and analyzing feedback from students on their interaction with peers in human anatomy can

provide insights into the design of effective collaborative learning, which can help facilitate the
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implementation of IPE. The following section examines the literature related to how to optimize
the effectiveness of student feedback to enhance the quality of their education, including the

recommended methods by which student feedback is collected and analyzed.

2.4 Student feedback to enhance teaching and learning

Feedback from students is considered an important source of information for quality assurance and
enhancement of teaching in higher education (Murray, 1997; Ballantyne et al., 2000; Brookes,
2003; Kelly, 2012; Dalhousie University-1, n.d.). There are other feedback sources that are used
with an aim to enhance teaching and learning, notably feedback from instructors, with suitable
expertise and working in a similar environment (Archer, 2010). Indeed, it may be argued that peer
feedback is of utmost importance because teaching colleagues can provide expert critiques of each
other’s practices. However, students, as consumers of the product of higher education
(knowledge), are well-positioned to provide critical feedback based on their learning experience.
Drawing on evidence from different research settings, including field experiments, faculty opinion
surveys, and longitudinal comparison of trends, Murray (1997) concluded that student feedback is
a significant contributor to enhancing the quality of university teaching and, hence, student
learning. Safavi et al. (2013), exploring the impact of student feedback, highlighted that instructors
commonly implement changes to enhance their teaching practices based on this source of

information.

2.4.1 Optimizing the utilization of student feedback
To facilitate optimal utilization of student feedback for enhancing the quality of teaching and
learning, it is imperative to understand the purpose, benefits as well as drawbacks associated with

this source of information. Elaborating on the purpose of student feedback, Darwin (2016)
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indicated that institutions of higher education use it as means to examine student perceptions to
assure, or improve, the quality of teaching and student learning. Regarding the benefits, gathering
feedback from students demonstrates to them that their voice is heard and that their opinions and
concerns regarding the educational process do matter (Josefson et al., 2011), which help promote

the perception that their institutions prioritize the quality of their educational offerings.

It is important to note that giving students the power to provide feedback on teaching can prompt
different responses from instructors (Arthur, 2009). Therefore, a major drawback to using student
feedback is the potential negative perception and reaction to student feedback held by instructors
(Anderson, 2006). For example, negative feedback from students can affect instructors
emotionally, possibly imposing a negative influence on their subsequent teaching performance.
According to Arthur (2009), whether or not instructors make any changes in response to student
feedback depends on a number of factors. These include instructors’ perceived importance of
teaching, how many students reported the same experience, and the teaching culture of the
university (Arthur, 2009). Nonetheless, some instructors might show resistance to student
feedback (Arthur, 2009), especially if used for administrative decisions that impact their job
satisfaction and morale (Wachtel, 1998; Stowell et al., 2012). Interestingly, students were more
motivated to provide feedback to improve teaching in terms of format and content, but less
motivated to provide feedback that would affect administrative decisions related to promotion,

tenure, or salaries (Chen & Hoshower, 2003).

In order for student feedback to be an effective means for meaningful change, Seldin (1989)
illustrated that there must be a culture within universities in which academic leadership, faculty,

and administrators consider the importance of this source of information. Such a feedback-
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accepting culture tends to use both positive and negative feedback to initiate changes so that
student expectations and needs for a better learning environment can be achieved. Blair (2017)
noted that the gap between student expectations and the realities of what is possible might
negatively impact their satisfaction, but that student feedback can nonetheless be used to help fill

this gap.

2.4.2 Factors to improve the effectiveness of student feedback

There are several issues that can impact the validly and reliability of student feedback such as bias
and lack of specificity (Stein et al., 2012; Surgenor, 2013). Therefore, the following sections
discuss various factors that can be considered to improve the effectiveness of student feedback,
including the clarity and objectivity of feedback content, the way it is collected, and how it is

analyzed and delivered.

Clarity and objectivity of feedback content

The use of generic surveys to collect feedback from students regarding the teaching and design of
various courses is a common practice in higher education institutions. However, the use of such
surveys may not produce meaningful findings that could facilitate quality enhancement of
teaching. For example, teaching methods used in basic science courses are different from those
used in social or behavioural sciences, suggesting that only general or vague feedback may be
collected by a generic survey. Compared to general and vague feedback, specific and clear
feedback can be more informative (Liden & Mitchell, 1985), which signals the need for tailored
surveys relevant to the learning environment (validity). Students should also be urged to provide
constructive feedback. In order to be constructive, student feedback must be objective, focusing

on observable teaching behaviours or certain aspects of the course design; specific, with examples
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based on student personal experience; and respectful, avoiding derogatory comments and criticism

based on race, religion or gender (Svinicki, 2001; Dalhousie university-1, n.d.).

Clarity of the process

The clarity of the feedback process to all stakeholders (why and how feedback will be used) is
vital to improving the effectiveness of student feedback (Cornell, 2014). Both students and
instructors must be aware of the feedback process (Cornell, 2014), which is geared to meet the
needs of students, instructors, and the institution (Watson, 2003). This implies that students must
be informed about why their feedback is being collected, the type of feedback sought, and how
feedback will be used (Shah et al., 2017). Likewise, instructors must be informed about the purpose
and importance of student feedback and what exactly it is going serve. When the feedback process
is clear, the data collected has greater potential to enhance the student learning environment (Beran

etal., 2007).

Collection of feedback

Surveys are popular tools in health professions education to gather a wealth of data about abstract
concepts and ideas, including opinions, beliefs, and attitudes, which help collect information about
unobservable behaviours (Rickards et al., 2012). Using surveys can bring about meaningful
insights into the understanding and approach to various issues (Allery, 2016). Similarly, surveys
are widely used to gather feedback because they are easy to administer to a large number of
students (Kember et al., 2002; Richardson, 2005). Online survey platforms have made surveys
even more popular and convenient as students have become more comfortable using such
technology (Zou & Lambert, 2017). Research shows that students are more motivated and engaged

when responding to online surveys, providing more thoughtful comments (Stowell et al., 2012),
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compared to traditional written or verbal feedback methods (Bennett & De Bellis, 2010; Baleni,
2015). Online surveys facilitate the dissemination of feedback questionnaires and the collection of
responses from geographically widespread participants (Tavakol & Sandars, 2014). Also, the use
of the online approach permits the extraction and handling of a large amount of data, minimizing

errors in data entry (Allery, 2016).

Despite the ability of both formats (online and paper-based) of feedback delivery to produce
comparable data (Stowell et al., 2012), instructors may report less interest in using online platforms
to receive feedback (Rienties, 2014). This disinterest was attributed to instructors’ concern that the
online method may lead to lower student response rates, resulting in a less representative reflection
of their teaching and student learning experience (Stowell et al., 2012). Therefore, given the
concerns, real or perceived, about online survey participation, students should be encouraged and

reminded to participate when online surveys are used to collect feedback.

Feedback analysis and delivery

Since students usually lack expertise in specific areas of curriculum development, instructors are
likely to accept critique from more qualified individuals. For example, a mediator who can
examine student feedback and address it with the instructor can have greater impact on course
content and delivery than direct feedback from students to instructors (Brinko, 1993). To maximize
the effectiveness of student feedback, the mediator role, that can be assumed by a colleague or a
committee, can assist the instructor to interpret the results of student feedback and can provide
recommendations (Knapper & Piccinin, 1999). Through this approach the examination and
delivery of student feedback can be more of a collaborative learning process, rather than a

challenge to the competency of the instructor (Penny & Coe, 2004; Arthur, 2009). Student

23



feedback should be considered one of many sources of information to enhance teaching and
learning. Student feedback should be part of an overall strategic plan that seeks triangulated
evidence from different perspectives for the development and improvement of teaching and

learning (Chan et al., 2014; Collett et al., 2017).

Combined qualitative and quantitative research methodology

Research methodologies are often classified as being either quantitative or qualitative, with
researchers using each methods arguing the superiority of one over the other (Johnson &
Onwuegbuzie, 2004). Quantitative purists (positivist theorists) insist that research should be
objective, privileging timeless, contextless generalizations (Johnson & Onwuegbuzie, 2004). The
philosophical stand of their research paradigm is rooted in natural sciences, which perceives reality
as based on unchanging, universal laws that explain the natural world (Johnson & Onwuegbuzie,
2004). According to Zukauskas et al. (2018), positivist research philosophy posits that, like the
natural world, the social world can be understood objectively. To understand the nature of society,
positivist researchers pursue scientific evidence and generalizations that are based on the
collection, statistical analysis, and interpretation of quantifiable numerical data. This position
considers positivist researchers in the social context as social scientists and objective analysts who
can dissociate personal values and work independently. On the other hand, qualitative purists
(constructivist theorists) argue that reality is a construct of the human mind, and as such, posit that
truth is subjective (Johnson & Onwuegbuzie, 2004). They contend that multiple constructed
realities exist, and that research is value bound; therefore, time and context-free generalizations
are not desirable or possible (Johnson & Onwuegbuzie, 2004). Social constructivist researchers
argue for the use of qualitative methods as essential because knowledge and understanding draw

on the observation and judgment of people who are different in the way they construct meanings
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(Crotty, 1998). Examples of qualitative methods include semi-structured interviews and open-
ended surveys, which are often used to understand people's beliefs, attitudes, experience, and
interaction (Pathak et al., 2013). Thus, generalizations that do not consider the context of people’s
perspectives would not provide a view of the causes and effects of what is being investigated

(Johnson & Onwuegbuzie, 2004).

Even though the use of quantitative and qualitative research methods in a single line of inquiry
originated in social science research, it has expanded into the health and medical sciences (Wisdom
& Creswell, 2013). Based on constructivism and positivism as philosophical underpinnings,
pragmatism is an emerging research paradigm that is not committed to a single system of reality.
Pragmatist research tends to focus on answering the 'what' and 'how' of the research problem using
quantitative and qualitative methods for data collection and analysis (Tashakkori & Teddlie, 2008).
Combining quantitative and qualitative techniques within the same framework enables pragmatist
research (Table 2) to incorporate the strengths of both methodologies (Johnson & Onwuegbuzie,
2004). Therefore, utilizing quantitative and qualitative methods to collect and analyze student
feedback enables a more thorough examination and understanding (Kruidering-Hall et al., 2009;

Ludvigsen et al., 2015).
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Table 2: Some general characteristics and weaknesses of pragmatism (Adopted from Johnson &
Onwuegbuzie, 2004).

General characteristics
Rejects traditional dualisms (e.g., rationalism vs. empiricism, values vs. facts, subjectivism vs.
objectivism) and generally prefers more moderate and common-sense versions of philosophical
dualism based on how well they work in solving problems.

Recognizes the existence and importance of the natural or physical world as well as the emergent social
and psychological world that includes language, culture, human institutions, and subjective thoughts.
Knowledge is viewed as being both constructed and based on the reality of the world we experience

and live in.
Offers the “pragmatic method” for solving traditional philosophical dualisms as well as for making
methodological choices.

Places high regard for the reality of and influence of the inner world of human experience in action.
Takes an explicitly value-oriented approach to research derived from cultural values (shared values).
Endorses practical theory that informs effective practice as the path to determine what works.
Endorses pluralism (different, even conflicting, theories and perspectives can be used; observation,
experience, and experiments are all useful ways to gain an understanding of people and the world.
Human inquiry is viewed as being analogous to experimental and scientific inquiry. We try out things
to see what works, what solves problems, and what helps us to survive. We obtain warranted evidence
that provides us with answers that are ultimately tentative, but, in the long run, use of this “scientific”
or revolutionary or practical epistemology moves us toward larger Truth.

Views current truth, meaning, and knowledge as tentative and as changing over time. What we obtain
on daily basis in research should be viewed as provisional truths.

Theories are viewed instrumentally (they are true to different degrees based on how well they currently
work; workability is judged especially on the criteria of predictability and applicability).
Capital “T” Truth (i.e., absolute Truth) is what will be the “final opinion” perhaps at the end of history.
Lowercase “t” truths (i.e., the instrumental and provisional truths that we obtain and live by in the
meantime) are given through experience and experimenting.

Weaknesses
Pragmatism may promote incremental change rather than more fundamental, structural, or
revolutionary change in society.

What is meant by usefulness of workability can be vague unless explicitly addressed by a researcher.

The term “mixed methods” could be used to describe the utilization of the two types of data in a
single research framework. However, the term is widely acquainted with approaches employing
more than one mode of data collection, for example, the use of surveys and interviews. Hence,
here the term “combined methods” will be used to describe the use of two types of data obtained

from a single mode of data collection. The following are examples of survey research studies using
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a combined methods approach, and which demonstrated how the use of two types of data resulted

in greater clarity of the findings and a better understanding of the outcomes.

Inuwa (2012) evaluated the perceptions of first-year medical students toward TBL in Oman. The
author used TBL sessions with two student cohorts. For every TBL session, students had to do
pre-class readings and then in-class readiness assurance tests before solving clinical cases as teams.
Students were surveyed at the end of each course to assess their perceptions using quantitative and
qualitative questions. The quantitative results showed that students responded positively because
the TBL sessions encouraged problem-solving and in-class discussion. The qualitative analysis
revealed that most students agreed that the TBL strategy positively impacted their learning
attitudes because it encouraged consistency in their study and increased awareness of self-directed
learning. The qualitative analysis also identified a Middle eastern bias - students disliked the idea
of the mixed-gender configuration of TBL teams, which was attributed to the fact that many of the
students were nourished in a traditional society where the segregation of genders in secondary

education is common. The qualitative findings in this example enhanced the quantitative results.

Another study compared student perceptions of two formats of laboratory-based small group
learning activities in an integrated medical program at the University of Ottawa (Whelan et al.,
2016). The authors used quantitative and qualitative questions to survey participants, who had
completed the curriculum. The first format, called Emphasized Independent Learning (EIL)
approach, emphasized elements from the flipped classroom strategy, including pre-laboratory
preparation and independent learning in the laboratory with limited tutor involvement. In contrast,
tutors in the second format, the Facilitated Active Learning (FAL) approach, engage students and

were expected to enable and balance their active learning and progression through learning
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objectives. The quantitative results showed that students perceived that EIL and FAL formats
promoted professionalism and enhanced active learning. Also, students in EIL and FAL agreed
that high achievers facilitated learning for weaker students during laboratory group
demonstrations. Both types of students reported lower levels of agreement regarding the ability of
weak students to contribute to collaborative group learning. The qualitative results showed that
students associated the inability of weaker students to contribute to collaborative learning
primarily with variability among tutors, especially in the FAL cohort. The quantitative results of
students in the FAL revealed that they were more likely to report their completion of laboratory
learning objectives as learning that was facilitated through collaborative efforts. The qualitative
analysis revealed that FAL students associated these outcomes with instructional support and
guidance. EIL students characterized their laboratories as inefficient, referencing the lack of
instructional direction and feedback. The quantitative results indicated that EIL students were more
likely to report that competencies related to collaboration and communication were enhanced
through laboratory-based activities. The qualitative results suggested that EIL students also
enjoyed the opportunity to learn independently. In this example, the qualitative findings explained

the quantitative results.

2.5 Chapter conclusions

The complex nature of healthcare delivery necessitates team-based approaches with effective
collaboration, and future health professionals are increasingly expected to work together to deliver
comprehensive services. Therefore, it has become imperative for health professional education to
enable mindsets for such a work configuration. IPE occurs when students from two or more health

professions learn with, from and about each other to cultivate effective collaborative practice.
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Although the biases and attitudes of students are contingent on their early experiences in the
educational process, current IPE initiatives in health professional education focus on clinical topics
rather than basic science activities. Generic interprofessional competencies, especially those
related to soft skills (teamwork and communication), can however be targeted in basic science
courses offered to two or more different health professional students. Given the essentiality of
human anatomy in health professional education, there is a need to revamp its inclusion to achieve

competencies and outcomes related interprofessional collaborative practice.

The definition of IPE indicates that effective learning must proceed collaboratively through a
shared process. Based on S-S interaction is the concept of collaborative learning, in which students
with different performance levels work together in a group to achieve a common learning goal.
Thus, gathering feedback from students on their interaction with peers in human anatomy can
provide insights into the design of effective collaborative learning as a basis for IPE. Institutions
in higher education utilize student feedback to examine student perceptions to assure, or improve,
the quality of teaching. Evidence suggests that student feedback significantly contributes to
enhancing the quality of university teaching. The use of online surveys facilitates the collection
and analysis of feedback from a large number of students. Moreover, combining quantitative and
qualitative methods for data collection and analysis incorporates the strengths of both

methodologies, allowing for a more thorough examination and understanding of student feedback.
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CHAPTER 3: THESIS RATIONALE, OBJECTIVES, AND

HYPOTHESES

3.1 Rationale

The work in this thesis sought to understand how different modes of anatomy teaching and course
design influenced student perceptions and attitudes toward interaction and collaboration. The
specific objectives used student feedback about their learning in two different environments,
namely technology-based (TBAE) and cadaver-based anatomy education (CBAE), to analyze the
potential of those environments to foster the shared learning necessary for IPE (see Section 2.2.2).
The underlying goal of this work was to identify features of course design and delivery that

enhance interactions and collaboration between students.

To better understand student feedback, Schifferdecker and Reed (2009) indicated that collecting
and analyzing both qualitative and quantitative data can help draw more useful conclusions than
if only quantitative or qualitative methods are utilized. Thus, the thesis’s pragmatic approach,
utilizing combined methods, sought to provide diverse feedback with deeper insights, which could
assist instructors in the process of enhancing collaborative learning to facilitate the implementation
of IPE. The findings could fit into a larger systematic planning process to develop outcome-based

interprofessional curricula framed around collaborative multimodal learning in human anatomy.

3.2 Objectives and hypotheses

The study targeted three human anatomy courses with the broad objective:

To understand how different modes of human anatomy teaching and course
design influence student perceptions and attitudes toward interaction and

collaboration
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3.2.1 Study I: Technology-based human anatomy education (TBAE)

Study I involved an entry-level undergraduate course that is highly sought after by students
because it serves as an integral/prerequisite curricular component for several health professional
programs. The course is offered in both a traditional face-to-face (F2F) format and a distance
education format, the latter being completely reliant on information technology. The course

delivery is facilitated using an integrated LMS shared by F2F and distance education students.

To understand the impact of the technology-based course design on student interaction, students
were surveyed for perceptions and attitudes about their learning in relation to three types of
interactions: with content (S-C), with instructors (S-I) and with other students (S-S) (see Section
2.1). The Digital Anatomy Learning (DAL) project was an initiative that sought to foster S-S
interaction in the course through the design and implementation of an optional online group
activity. Possibilities for S-S interaction were framed around the task of creating and sharing
educational videos that students find helpful in learning the course content. Peer voting and
comments on participant videos were expected to initiate and fuel student-led discussions.
Suggestions from students to improve lecture attendance and participation in the DAL project were
also explored to gain insights into enhancing the learning experience with S-S interaction in the

F2F and online learning environments of the course.

Study I objectives

1. To examine how the technology-based teaching and design of the course provides a
foundation for independent and personalized anatomy learning.
2. To explore and explain student perceptions towards three types of interactions (S-C, S-1 &

S-S).
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3. To explore possible correlations between student perceived ability for independent learning
and their perceptions towards the three types of interaction.
4. To identify and discuss factors influencing student participation in the optional group

project.

The data obtained from the objectives was used to consider three key proposed hypotheses.

Study I hypotheses

1. Depending on delivery modality, students are different in the way they learn the course
content. There is a difference between F2F and distance education students in terms of their
perceived ability to learn independently.

2. S-S interaction is necessary in the course. There is a difference between F2F and distance

education students in terms of their perceived need for S-S interaction.

3. There is a relationship between students’ need for S-S interaction and their ability to learn

independently.

3.2.2 Study II: Cadaver-based human anatomy education (CBAE)

Study II involved traditional and modernized designs of graduate-level gross anatomy courses.
These courses were designed to provide a foundation for three health professional programs:
Master of Physiotherapy (PT), Master of Occupational Therapy (OT) and Doctor of Dental
Surgery (DDS). Learning in the laboratory was framed around student-led dissection activities in
the traditionally designed courses, whereas learning in the modernized courses was framed around
student-led discussions involving the use of prosections. The traditional course design was used to

foster interprofessional laboratory activities between OT and PT students.

Students were surveyed for perceptions and attitudes toward gross anatomy learning in the

traditional and modernized course designs. The goal was to understand the impact of different
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course designs on student preference and interaction. The study also sought to gain insights into

how to optimize the use of cadavers to design effective collaborative activities for one or more

types of health professional students.

Study II objectives

1. To examine if traditional dissection-based anatomy teaching and course design provides a
foundation for interprofessional learning and interaction.

2. To identify factors influencing interprofessional student collaboration in the traditional
dissection-based anatomy laboratory.

3. To explore and explain student perceptions of the usefulness of dissection and prosections
in the traditional and modernized course design.

4. To explore and explain student perceptions of the usefulness of dissection and prosections
in modernized course design.

5. To compare student performance in traditional and modernized course designs.

6. To examine how the use of donated cadavers in the traditional and modernized course

designs provides a foundation for professional learning and interaction.

The data obtained from the objectives was used to consider two key proposed hypotheses.

Study II hypotheses

1.

As aresult of the different admission prerequisites of their programs, there are
differences between OT and PT students in terms of their perceived readiness for
interprofessional learning.

Students perceive prosections as more useful than dissection in learning the course
content because prosections enable straightforward learning facilitated via direct

visualization of structures.
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CHAPTER 4: STUDY I - TECHNOLOGY-BASED ANATOMY

EDUCATION (TBAE)

4.1 Introduction

Increasing student enrolment is one of the challenges facing introductory anatomy education. The
limited capacity of a campus-based lecture theatre, classroom or laboratory, curtails the ability to
accommodate students in large numbers. Thus, establishing distance education has become a
logical response that provides an effective solution (Allen, 2017). With less time and cost involved,
distance education offers more accessibility, allowing for virtually unlimited enrolment capacity

(Attardi & Rogers, 2015).

Early forms of distance introductory anatomy education relied on correspondence, in which printed
course materials were mailed out to students. Before the advent of the internet, interaction with
and between distant learners was minimal as students were often only expected to be present in
person for a final proctored exam (Allen, 2016). It was not until advances in information
technology permitted alternative means for delivery that interaction with distant learners became
possible. As distance education evolved, learning has been enhanced through a more dialogical
process that emphasize the engagement between the learner and the teacher (Kaufman, 1989; Huett

et al., 2004).

4.2 The Basic Human Anatomy course at Dalhousie University

Introductory anatomy courses are a common feature of university course offerings.’ At Dalhousie

University, Basic Human Anatomy is an entry-level undergraduate course that is highly sought

5 At Dalhousie University, the Department of Medical Neuroscience and its Division of Anatomy operate to deliver
core anatomical knowledge to students in various health professions.
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after by students. This three-credit-hour course serves as an integral/prerequisite curricular
component for several health professional programs. Upon successful completion of this
introductory course, students are expected to explain and describe, at a basic level, the micro and

macro anatomical levels of the human body.

Course delivery and student interaction

The course delivery had evolved from a traditional lecture-based to an online format. Historically,
teaching was carried out exclusively using F2F didactic lectures. Several instructors collaborated
with teaching assistants to deliver the course content and interact with manageable class sizes to
facilitate learning. However, in response to increasing student enrolment, a distance education
section employing self-learning pedagogies was established parallel to the existing F2F sections.
To best use available resources, technology has been adopted by all course sections, facilitating

the introduction of such pedagogies to all students in the course.

Although the course is currently offered through different F2F and distance education sections, the
delivery of all sections is reliant on technology. The course uses an integrated LMS shared by F2F
and distance education students. The LMS is used as a hub for asynchronous communication to
facilitate teaching, learning and assessment. It contains a vast collection of multimedia learning
resources including recorded lectures. All course materials are available online 24/7 on the
course’s LMS. An online interactive study tool is also used to supplement student interaction.
Students registered in F2F sections have the opportunity to attend the course lectures. Since
lectures are no longer the primary means for content delivery, student attendance is optional. In
addition to this relaxed design, assessment in the course is done online and follows an open-book

exam policy.
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The origin of this study came from an observation realized from previous offerings of the course,
that lecture attendance dwindled as the course progressed. In 2016, the instructor (Dr. A.) made an
attempt to motivate students to attend the course lectures by incorporating occasional in-class
activities derived from exam questions. The activities were periodically implemented during
lectures following a peer-based teaching methodology, an adaptation of the think—pair—share
technique and which has been shown to decrease student attrition (Crouch & Mazur, 2001). The
idea was to foster learning by helping students recognize gaps in their knowledge and gain
familiarity with the exam’s tactics. The activities were not graded nor made available as part of
the recorded lectures. The intervention did not address attendance deterioration, and student

interaction in such course design became in question.

Previous research suggests that learner isolation in online courses can be addressed through
promoting interaction between learners to support their learning (Sharp & Huett, 2006; Banna et
al., 2015). Therefore, the Digital Anatomy Learning (DAL) project was another initiative that
specifically sought to foster S-S interaction through the design and implementation of an optional
online group activity. Possibilities for S-S interaction were framed around the task of creating and
sharing educational videos that students find helpful in learning the course content. The project’s
first iteration involved a strict grading scheme based on peer voting and led to three potential bonus
points. The DAL project was anticipated to create a source of learner-generated content, which
could provide students with renewed learning opportunities (Doubleday and Wille, 2014). Peer
voting and comments on participants’ videos were expected to initiate and fuel student-led

discussions. Unfortunately, student participation in the project was subpar.
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Study objectives and hypotheses

To understand the impact of the technology-based course design on student interaction, students
were surveyed for perceptions and attitudes toward learning through various types of interactions.
Suggestions from students to improve lecture attendance and participation in the DAL project were
also explored to gain insights into enhancing the learning experience with S-S interaction in the

F2F and online learning environments of the course.

Study objectives

Objective 1: To examine how the technology-based teaching and design of the course provides

a foundation for independent and personalized anatomy learning.

Objective 2: To explore and explain student perceptions towards three types of interactions

(S-C, S-1 & S-S).

Objective 3: To explore possible correlations between student perceived ability for

independent learning and their perceptions towards the three types of interaction.

Objective 4  To identify and discuss factors influencing student participation in the optional

group project.

The data obtained from the objectives was used to consider three key proposed hypotheses.

Study hypotheses

Hypothesis 1: Depending on delivery modality, students are different in the way they learn the
course content. There is a difference between F2F and distance education

students in terms of their perceived ability to learn independently.

Hypothesis 2: S-S interaction is necessary in the course. There is a difference between F2F
and distance education students in terms of their perceived need for S-S

interaction.

Hypothesis 3: There is a relationship between students’ need for S-S interaction and their

ability to learn independently.
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4.3 Methods

In this section, the design of the Basic Human Anatomy course is delineated; this is followed by a
detailed description of the study design with highlights on the survey instrument and the

established procedures used in data collection and analysis.

4.3.1 Course materials and design

The course core curriculum is comprised of three blocks designed to help students develop
anatomical knowledge incrementally. The curriculum introduced students to human anatomy
based on an ascending order of the levels of structural organization: atomic, molecular, cellular,
tissue and systemic. The objectives of the course were confined to the first three levels of Bloom’s
Taxonomy (Bloom, 1956): Remember, Understand, and Apply (Figure 4). The course required
Principles of Human Anatomy (Tortora, 2002) as a textbook. With newer editions of the book, the
publisher provided an online interactive study tool (WileyPLUS), a mandatory component of the

course (all students were required to purchase an activation code).

F2F sections of the course (ANAT-1010 Section 1, ANAT-1020 and DEHY-2851) were offered
exclusively in the Fall term and included a lecture component. Registration in F2F sections was
restricted to students in the Schools of Nursing, Recreation, Physical and Health Education and
Kinesiology. Limited seats were also available for students in other health professions, arts and
science, or non-degree students. The distance education section (ANAT-1010 Section 2) was
offered twice a year, in the Fall and Winter terms. Registration in this section was unrestricted and

open to all students.
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Figure 4: Bloom’s Taxonomy (Adopted from Krathwohl, 2002). Created by Bloom (1956) as a
way to categorize the levels of reasoning skills expected or intended for students to master as a
result of teaching.

Teaching, learning and assessment in the course

F2F interaction in the course occurred during lecture time in a large theatre accommodating up to
185 students. The course’s one-hour didactic lectures were scheduled thrice weekly in the Fall
term, totalling 34 hours. Every lecture was delivered two times as there were two different F2F
sections. Students registered in the course’s F2F sections were expected to attend the lectures,
while distance education students were welcomed. The first day of the course was used to welcome
the students and to provide an overview of the course — information about the design, content,
objectives, and assessment. Students were encouraged to communicate questions, problems, and
any concerns with the course instructors by telephone, email or in person. Students were also
encouraged to visit a museum located on the 13™ floor of the Tupper Medical Building, Carleton

campus, at Dalhousie. Throughout the course, the instructors strived to convey enthusiasm,
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fostering a respectful learning environment by demonstrating the appeal of the anatomical facts,

addressing their clinical relevance, and emphasizing the importance of all health professions.

Mediated interaction in the course relied on information technology. The course LMS
(Brightspace; Desire2Learn, Ontario, Canada) provided students with tools for learner-centred
learning. With course materials available from day one, the design of Brightspace allowed the
instructors to act as facilitators. In addition to a detailed syllabus — study objectives and assessment,
the course materials included 34 recorded lectures (Camtasia software; TechSmith, Okemos, MI),
lecture slides and a virtual anatomy laboratory. The virtual laboratory contained 15-20 minute
videos made by the instructors using prosections with a voice-over to explain the visuals. All

materials available on Brightspace were made downloadable to enable offline accessibility.

WileyPLUS, which complements the course’s textbook, was used to promote student engagement
with content throughout the term. WileyPLUS provided a combination of a wide range of
multimedia learning resources; it also contained weekly formative homework assignments that
provided immediate feedback, serving as self-assessment modules throughout the course.
WileyPLUS assignments, weighing 20% toward the final grade, were due weekly with penalties
for late completion. These assignments comprised sets of multiple-choice questions (MCQs). The
instructors enabled the Question Assistance function, which allowed students up to two attempts
to answer each question before it locked. When students struggled to answer a question, the feature
provided links that opened to the chapter and section of the online textbook, describing the content
tested in the question. This strategy is to provide customized content reinforcement for each

student through immediate feedback (WileyPLUS, n.d.).
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Learning in the course was assessed through three summative midterms (at the end of each block)
and a final examination, totalling 80% of the final grade. The exams, consisting of MCQs and
True-or-False questions, were administrated online with an open-book policy, which sought to
facilitate learning during exams in a private and comfortable environment. Given the breadth of
the course content, this approach was believed to enable students to learn how to resource and
retrieve information rather than relying on mere memorization. Exam questions included, but were
not limited to, structure identification questions using cadaveric images, textbook figures, and

screenshots of three-dimensional (3D) computer models.

The Digital Anatomy Learning (DAL) project

While participation in the DAL project (Appendix A) was optional, bonus points were offered to
motivate students to form groups and collaborate to create and share short educational videos. To
enable students to reflect on their learning and interests, they could choose their topic of interest
from the course content to make these videos. Students who wished to participate were required
to submit their videos on the project’s designated thread on Brightspace to allow other students to
watch, vote and comment. Students had deadlines to vote for their favorite videos, which could be

done by simply clicking the ‘Like’ or ‘Dislike’ buttons.

The DAL project was implemented in eight consecutive terms, from Fall 2016 to Winter 2020. In
the first iteration of the project (Fall 2016, Winter 2017, Fall 2017 and Winter 2018), peer voting
determined which videos advanced to the finals, where they were critically evaluated by the course
instructors using a rubric (Appendix B). A maximum of three group winners (first, second and

third) were awarded the bonus points, with group members receiving five, four, or three points,

41



respectively. This grading scheme was based on the concept of gamification and aimed to promote

competition and creativity (Urh et al., 2015).

To encourage more students to participate in the activity, the project was refined and implemented
in a second iteration (Fall 2018, Winter 2019, Fall 2019 Winter 2020). Starting from Fall 2018, all
videos were awarded bonus points. Wining bonus points was no longer governed by peer voting
nor limited to three winners. Beginning in Fall 2019, the DAL project was advertised more often,
and the criteria of the quality evaluation rubric (Appendix B) were included as part of the project’s
description (Appendix C). Although the quality of videos was not used as a sole basis for awarding
bonus points, sharing the quality evaluation criteria allowed students to know what makes a good
video. Further restrictions were waived to encourage more participation in the DAL project —
submissions in another electronic format were accepted (Microsoft PowerPoint). Although

students were encouraged to work in groups, individual participants were awarded bonus points.

It is worth mentioning that another optional activity (Appendix D) was introduced in Fall 2018 to
compliment the DAL project along with the previous refinements. The activity was implemented
by presenting two to four questions during lectures and allowing students to submit their answers
via personal laptops or other handheld smart devices using an audience response system (Top Hat).
The activity aimed to augment student engagement by providing students with real-time feedback
and answers. The activity was also available to online students to help them keep proper pace with
the course. The questions from this activity were available as homework in an assigned folder
within students’ Top Hat accounts on the day of the scheduled lecture. Students were given one
minute to respond to each question. Students received 0.5 for participation and 0.5 for correctness.

Total scores were calculated out of 5% and added on top of the course grade as bonus points.
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However, the maximum bonus points students could get for Top Hat and the DAL project were

set not to exceed 5 points.

Videos submitted by students before and after the refinement of the DAL project were analyzed
by the instructors to improve the design of the activity. Further, the relationship between the

number of students involved in making a video and the quality of the video was investigated.

4.3.2 Study design

The