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Abstract

Technological innovation is changing the landscape of higher education, and the competing
interests and responsibilities of today’s learners have propelled the movement of post-
secondary courses into the online environment. In the anatomical sciences, commercialized
e-learning tools have become a critical component for teaching the intricacies of the human
body when physical classroom space and cadaveric resources are limited. This dissertation
comparatively assessed the impact of two commercial anatomical e-learning tools (1) a
simple 2-dimensional e-learning tool (A.D.A.M. Interactive Anatomy) and (2) a complex
tool that allows for a 3-dimensional perspective (Netter’s 3D Interactive Anatomy). The
comparison was then extended to include a traditional visual-kinesthetic method of studying
anatomy (i.e. a physical skeleton). Applying cognitive load theory and working memory
limitations as guiding principles, a dual-task assessment with cross over design was used to
evaluate cognitive load. Students were assessed using baseline knowledge tests, observation
task reaction times (a measure of cognitive load), mental rotation test scores (a measure of

spatial ability) and anatomy post-tests (a measure of knowledge recall).

Results from experiments carried out in this thesis suggest that the value of commercial
anatomical e-learning tools cannot be assessed adequately on the basis of an educator’s, or a
software developer’s, intuition alone. Despite the delivery benefits offered by e-learning
tools and the positive feedback they often receive, this research demonstrates that neither
commercial e-learning tool conferred any instructional advantage over textbook images. In
fact, later results showed that the visual-kinesthetic experience of physically manipulating a
skeleton yielded major positive impacts on knowledge recall that A.D.A.M. Interactive
Anatomy, as a visual only tool, failed to deliver. The results of this dissertation also suggest
that the design of e-learning tools can differentially influence students based on their spatial
ability. Moreover our results suggest that learners with low spatial ability may also struggle

to relate anatomical knowledge if they are examined on contralateral images.



By objectively assessing commercial anatomical e-learning tools against traditional, visual-
kinesthetic modalities, educators can be confident that the learning tool they select will give

their students the best chance to acquire an understanding of human anatomy.
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Gross anatomy education, cognitive load, dual-task methodology, e-learning, e-learning

tools, instructional design, spatial ability, physical models, visual-kinesthetic learning
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Chapter 1

1 Literature Review

This literature review contains text extracts from articles written by the primary author

(Van Nuland and Rogers, 2016a; 2016b; Van Nuland et al., 2017)".

1.1 The Landscape of E-Learning in Post-Secondary
Institutions

The landscape of higher education is undergoing substantial changes that have been
driven by technological innovations and key economic, political, and sociocultural
factors. Internationally, rising enrolment rates, calls for higher skill levels and increased
student diversity, including a growing cohort of adult and returning learners, have fueled
emergent demands for quality online learning opportunities that are flexible and student-
centered (EU, 2014). E-learning is defined by the National Centre for Education Statistics
as the process of extending learning and/or delivering instructional materials to
individuals or groups that are physically separated, via any type of electronic media, such
as the Internet (Waits and Lewis, 2003).

To understand the potential of e-learning on an international scale, the influence of
population growth should be introduced. Estimates indicate that by 2020 more than 470
million young adults will be between the ages of 18 and 22, fuelling global demand for
higher education, which is expected to surpass 250 million students by the year 2025,
representing a 250% increase since the year 2000 (Bokova, 2011; Lawton et al., 2013).
Global economic trends in higher education show that demand for online learning has

become a driver for growth, advancing internet-based instructional delivery to the fastest

! These articles have been published in the journal Anatomical Sciences Education. For permission
approval notices from the publisher see Appendix A, B and C.



growing sector of post-secondary education in many countries (Docebo, 2014; Allen and
Seaman, 2011; Rogers et al., 2011; Pin et al., 2011; Tremblay et al., 2012).

The importance of e-learning, and its forecasted impact on post-secondary institutions,
has not been lost on academic leaders. Higher educational institutions in Canada, the
United States of America, Europe and China, among many others, have indicated that
online learning is critical to their long-term strategy (Docebo, 2014; Allen and Seaman,
2015; EU, 2014; Rogers et al., 2011). National and state government recommendations
and policies have been drafted to support the vision of accessible online education. In the
European Union, a High Level Group on the Modernization of Higher Education was
formed to advise the European Commission on new modes of learning and teaching
through innovative technologies and open digital content (EU, 2014). In Canada, the
Ontario provincial government has committed to investing 42 million dollars (CAD)
between 2014-2017 to facilitate the offering of high-quality online courses (Ministry of
Training, Colleges and Universities, 2014). The prevalence, global influence and sheer
potential of new educational technologies has further motivated higher educational
institutions to challenge their pre-existing educational paradigms; integrating new online
tools and technologies to transform teaching and learning practices to meet the expanding
needs and demands of 21st learners (UNESCO, 2011).

1.1.1 E-Learning Tools in the Anatomical Sciences

The change from teaching face-to-face to teaching or educating online is particularly
applicable within the anatomical sciences. The rapid reforms taking place within the
medical curricula have reduced the hours dedicated to the anatomical sciences in favor of
teaching that is focused on clinical competencies (Irby et al., 2010; Trelease, 2016). In
the effort to streamline anatomy programs and standardize learning outcomes at all
undergraduate levels, post-secondary institutions consider online learning and self-
directed laboratories involving e-learning tools to be vital (Skochelak, 2010; Trelease,
2016).



The demands for educational technologies that are flexible and student-centered have
fueled interest in electronic learning (e-learning) tools that offer high definition graphics
(Pinetal., 2011; EU, 2014). Anatomical e-learning tools have become a valuable asset
considering rising enrollment rates and reductions in physical space and cadaveric
resources (Irby et al., 2010; Skochelak, 2010; Trelease 2016). E-learning tools are
defined as specific computer applications that mediate the learner’s interaction with the
educational content through an electronic interface, thereby facilitating knowledge
construction (Tavangarian et al., 2004; Triacca et al., 2004). Use of e-learning tools
within face-to-face anatomy courses has been detailed at numerous institutions (Sugand
et al., 2010; Boyce, 2012; Gaitskell-Phillips et al., 2012; Barbeau et al., 2013; Attardi and
Rogers, 2015), and their popularity has inspired many researchers and educators to create
their own anatomical e-learning modules (Nicholson et al., 2006; Brenton et al., 2007;
O’Bryne et al., 2008; Raynor and Iggulden, 2008: Durham et al., 2009; Hassigner et al.,
2010; Sergovich et al., 2010; Adams and Wilson, 2011; Doubleday et al., 2011; Preece et
al., 2013; Allen et al., 2015). The growing interest in anatomical e-learning tools has also
attracted a number of companies who have developed commercial e-learning tools in an
effort to capitalize on revenue possibilities (for comparison of commercial educational
software programs see Attardi and Rogers, 2015; for programs specific to mobile devices
see Lewis et al., 2014). The variability in the quality and usability of these commercial e-
learning tools is extensive, and educators, with whom the decision of tool selection lies,
often assume that they have been designed, developed and evaluated for their
effectiveness on student learning (Higgins et al., 2000; Williams et al., 2004). With little
guidance on how to assess these tools educators rely on the marketing materials provided
by the commercial vendors and the enthusiasm for e-learning tools themselves among
learners (Squires and Preece, 1999; Holden and Rada, 2011).

1.1.2 Why the Popularity Factor of Anatomical E-Learning Tools Is
Not Enough

In the anatomical sciences, the evolution of technology has seen new e-learning tools

supplant existing technologies and teaching methods in the classroom. E-learning tools



have broadened the reach of the traditional cadaveric laboratory, enabling students to take
human anatomy courses in an online format without being required to enter a cadaveric
laboratory (Attardi and Rogers, 2015). Yet, even though e-learning tools have
supplemented new multi-modal (models, speciments, plus prosections) laboratory
activities supplanting traditional dissection-centered exercises in many medical schools
(Drake, 2007; Drake et al., 2006; Drake et al., 2014). However, controversy over their
adoption remains: are we headed in the right direction? Are we simply
seeking/building/purchasing e-learning tools for the sake of the technology itself (Cook,
2007)? Is there an educational goal we are trying to achieve with the technology, or are
the academic cultural pressures driving our pedagogical approaches (Cook, 2007,
Pawlina and Drake, 2013)?

The delivery benefits of e-learning tools (e.g. increased accessibility, accountability,
standardization etc.) are most often cited as their advantage over traditional teaching
methods (Ruiz et al., 2006), furthermore e-learning tools often receive positive feedback
from students (Glittenberg and Binder, 2006; Nicholson et al., 2006; Venail et al., 2010;
Codd and Choudhury, 2011; Keedy et al., 2011; Webb and Choi, 2014; for a review see
Yammine and Violato (2015)). However, research indicates that new e-learning
innovations and their initial acceptance within the educational community are primarily
based on perceived utility, and not immediate and objective evidence that they are
equally effective as existing teaching methods (Rogers, 2003; Trelease, 2016). As a
result, statistically reliable evidence comparing the efficacy of e-learning tools to each
other, as well as to traditional instructional methods, is scarce (Lewis, 2003; Khalil et al.,
2005; Levinson et al., 2007; Estevez et al., 2010; Preece et al., 2013; Trelease, 2016; Van
Nuland and Rogers, 2016b). In today’s learning environment, it is no longer sufficient to:
(1) design and then neglect to test the effectiveness of learning tools, and instead provide
conjecture on their effectiveness and ways they could be implemented in education (see
Adams and Wilson, 2011); and (2) design learning tools and conclude they are effective
based on user opinion feedback only (see O’Byrne et al., 2008; Guy et al., 2015). Without
comparative studies that present statistically reliable evidence to demonstrate the
effectiveness of different e-learning tools or compare those tools to more traditional

methods of teaching anatomy, such as physically manipulating a skeleton, educators



cannot make informed decisions about the tools they use. Without such evidence, the
choice to incorporate e-learning tools into curricula will continue to be made based solely
student perception, attitude and enjoyment, perpetuating the habit of blind acceptance and
use of e-learning tools in education (Preece et al., 2013).

1.2 Cognitive Load and Learning

Clearly, challenging work remains to be done if educators and researchers wish to
reliably characterize the comparative impact of different e-learning tools and traditional
teaching methods on learning outcomes and experiences in the anatomical sciences. One
method of assessing e-learning tool effectiveness is to consider the cognitive load
imposed by different learning tools. Broadly, cognitive load research is designed to
evaluate and model human intellectual performance and can be applied to technology
use, yet its inherent complexity and use in numerous disciplines can make it difficult to
define (Gwizdka, 2010). For the purposes of this dissertation, cognitive load is defined as
the “total load that performing a particular task imposes on a learner’s cognitive system”
(Paas et al., 2004). The term ‘load’, as used here, refers to the working memory resources
required by a task and the learner’s ability to meet that resource demand, thus, cognitive
load becomes a function of both the learner and the task being completed (Moray, 1979;
O’Donnell and Eggemeier, 1986; Paas and van Merriénboer, 1994; Paas et al., 2003;
2004; Oviatt, 2006). For learned information to become accessible knowledge in the
long-term memory, a series of subconscious processes, described in the next section,

must occur.

1.2.1 Learning and Working Memory

In the learning process, information is first received through auditory, visual or tactile
routes and is held in the learner’s working memory, which is a temporary storage site
used to process incoming information for organization into long-term memory schemas

(Baddeley, 1992; Sweller et al., 1998). Over the past century, the concept of working



memory has become a cornerstone of cognitive psychology, helping researchers to
understand how information is temporarily processed and stored (Andrade, 2001).
Historically, the limits of what the mind can accurately observe at a single point in time
has been the focus of discussion in scientific journals as far back as 1871. A British
economist and logician, William S. Jevons, observed that an individual is unable to
correctly estimate a large number of objects without counting them successively,
however, a small number of objects can be comprehended almost instantaneously
(Jevons, 1871). To test his observation he blindly grabbed beans from a jar and scattered
them on a table. In successive trials, he found that he made no error for sets of 3-4 beans,
some small errors with sets of 5 beans and an increasing amount of errors as the number
of beans on the table grew. Despite the biased nature of this study, the results that a
typical adult human can keep three or four unlinked, separate items, or chunks of
information, in their mind (at a single time) has been replicated many times in modern
research (Miller, 1956; Daneman and Carpenter, 1980; Cowan, 2001; Baddeley, 2003).

Unfortunately, the dogma that working memory, or immediate memory as it was known
at the time, is limited to 3-4 unlinked chunks of information has not always been
correctly cited in educational research. In 1956, George Miller identified the ‘magical
number seven, plus or minus 2’ as the span for immediate memory. Miller’s article
(1956) became a widely cited source in educational literature, and as a result the number
seven garnered considerable attention in the lay public (Cowan, 2015). A later
clarification by Miller (1989) however, explained that his emphasis of the number seven
was a tongue in cheek attempt to connect two streams of his research that he believed to
be unrelated (Cowan, 2015). He highlighted that the number seven tied together three
immediate memory phenomena that he was studying: (1) that the number of items that be
recalled verbatim in an immediate recall task is approximately seven; (2) that the number
of items a person can apprehend or process simultaneously is approximately seven (i.e. a
person at a quick glance, may know that there are 6 items on a tray); and (3), that the
number of categories that can be reliably used in an absolute judgment task, where people
assign numbers to the magnitudes of various aspects of a stimulus (i.e. 10 different tones
varying one in pitch), is approximately seven. Modern research has demonstrated that the

‘magical’ number seven, it turns out, is more of a practical result that emerges when



individuals use strategies like chunking (grouping together similar and familiar words or
numbers) and verbal rehearsal to help them remember information (Miller, 1989; Cohen,
2015). Thus the number seven may reflect a common situation where chunks of
information are formed by combining sets of two or three adjacent words or numbers (i.e.
making 3 or 4 mental chunks out of 9-15 words, or 3 mental chunks out of a telephone
number; Cohen, 2005). Despite being widely misquoted as the standard immediate
memory limit, Miller’s (1956) article served to emphasize the important message that the
amount of information that can be stored and processed in the working memory depends

upon how that information is grouped together.

It was not up until the 1960°s that immediate memory became known as working
memory (Cowan, 2014). In a book written by Miller and colleagues (1960), the term
working memory was described through its association with organizing human behavior.
Miller et al. used the concept of the working memory to explain how humans create and
execute a hierarchy of plans and sub-plans (Miller et al., 1960). As explained by Cowan
(2014), it is not possible for humans to think about all plans (cooking breakfast, driving
to work, leaving on time, etc.) and sub-plans (frying the eggs, cutting fruit, depressing the
toaster, finding the car keys, etc.) at once. However, with the help of the working
memory it is possible to carry out one sub-plan (like watching the hot frying pan) while
keeping in mind obligatory sub-plans (such as retrieving a knife) and the master plan
(such as cooking breakfast) at the same moment (Cowan 2014). The idea that working
memory was not only related to behavior but also to mental functions like learning,
memory, attention, perception, and reasoning was highlighted by Donald Broadbent in
1958. His work with the selective attention of pilots, who could listen to a message in one
ear but ignore a separate message in the other ear, helped to establish the difference
between a large-capacity, short-lived sensory memory that is formed regardless of
attention, and a longer-lived, smaller-capacity working memory model that requires
attention to operate (Broadbent, 1958; Cowan, 2014).

From 1870 through to 1970, Jevons (1871), Miller (1956) and Broadbent (1958) as well
as other academics conceptualized that the working memory as a single short-term

storage system, but in 1974 Baddeley and Hitch hypothesized that the working memory



was a multifaceted construct. Their working memory model included: (1) a phonological
loop, for temporary auditory storage; (2) a visuospatial sketchpad, for temporary visual
and spatial information storage; and, (3) a central executive, described as a supervisory
system that controls and regulates the phonological loop and visuospatial sketchpad, but
is not involved in temporary storage of information. In this new model Baddeley and
Hitch (1974) defined working memory as a limited capacity system that allows for the
temporary storage and manipulation of information necessary for such complex tasks as
comprehension and learning (Baddeley, 2000). Furthermore only information processed
by the working memory can be transferred to the long-term memory (Baddeley and
Hitch, 1974; Baddeley, 2000). The idea of numerous working memory subsystems came
from the observation that many variables appeared to effect short-term memory but that
none pointed to a single storage system. For example, phonological processing interfered
most with storage of that auditory information and not the storage of visuospatial
information, and similarly visual-spatial processing interfered most with visual-spatial
storage and not phonological storage (Baddeley and Hitch, 1974; Cowan, 2014). In
2000, Baddeley refined the multi-component working memory model to its current state,
adding an episodic buffer, which accounted for the association of information that may
occur across the visuospatial sketchpad and the phonological loop (e.g. spatial

information about sound).

It is important to note that Baddeley’s current working memory model (2000) has been
criticized by experimental psychologists and functional neuroscience researchers alike
(Cowan, 1988; 2001; 2005; de Jong, 2010). Despite this disagreement among
researchers, Baddeley’s multifaceted working memory design remains the most
prominently cited model in educational literature, particularly in relation to multimedia
design (Chandler and Sweller, 1996; Sweller et al., 1998; Brunken et al., 2003; Mayer
and Moreno, 2003; Khalil et al., 2005; Oviatt, 2006; Moreno and Mayer, 2007; de Jong,
2010; Wong et al., 2012; Dindar et al., 2015).

To situate the concept of working memory in the larger framework of education, it is
necessary to understand how learning, in the context of a multi-component working

memory model, occurs. For meaningful learning to transpire, new concepts that are



created by linking existing concepts with each other, must be formed. For example, an
individual might know what a cat is, and separately understand what stripes are, but it is
only when these concepts are joined together that they comprehend that a striped cat is a
tiger (Cowan, 2014). In order for this to happen ideas must presumably exist in the
working memory at the same time, that is, a learner must retain and organize relevant
information into coherent representations in the working memory and make connections
between these representations to form a new concept (Mayer and Moreno, 1998; Cowan,
2014). These concepts, according to Baddeley’s (2000) model, are then transferred from
the working memory into the long-term memory, and are remodeled overtime (Cowan,
2014; 2015). To revisit our example, children will eventually learn that not all cats with
stripes are tigers, rather the concept of cat size (large vs. small) is joined with the existing
concept that cats with stripes are tigers, forming a new concept that only large cats with

stripes are tigers, which replaces the old concept in the long-term memory.

Though working memory may not have a unifying theory, it is the limitation of the
working memory, and the practical implications it holds for learning, that most
researchers can agree upon (Cowan, 2014). So while we can avoid overloading a
learner’s working memory capabilities by delivering only a few ideas at once, how we
present those few ideas may also have significant impacts on our limited working

memaory resources.

1.3 Working Memory and Cognitive Load Theory

The classic adaptation to cognitive principles in post-secondary institutions has been to
adjust the materials to fit the learner (Cowan, 2014). However, given that cognitive load
is a function of the entire task, including the environment it is situated in, and not just the
educational information itself, then working memory constraints should also be a
principle consideration in the design of instructional e-learning tools. The impact of
cognitive load on working memory and learning is best described by the cognitive load
theory (CLT; Chandler and Sweller, 1996; Sweller et al. 1998; Sweller et al., 2011).
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Using Baddeley and colleagues’ working memory model (Baddeley and Hitch, 1974;
Baddeley, 2000; 2003), cognitive load theory provides a basis for evaluating cognitive
load fluctuations when using alternative learning interfaces (i.e. e-learning tools). It
stresses that information we display to educational software users, and the way in which
we display it, has tangible effects on working memory and the learning process (Mayer,
2001; 2002; Paas et al., 2003; 2004; van Merriénboer and Sweller, 2005; Oviatt, 2006).

The tenets of the CLT recapitulate the limitations of working memory capacity, CLT
specifically states that (1) novel information must be processed through a learner’s
working memory before meaningful learning (i.e., schema construction) can occur,
however, (2) learners have a limited working memory capacity, it can process
approximately 3-4 chunks of information at a time (Daneman and Carpenter, 1980;
Cowan, 2001; Baddeley, 2003), and (3) the amount of information that must be processed
during a complex learning task can exceed the processing capabilities of a learner’s finite
working memory resources, resulting in a situation known as cognitive overload.
Importantly, under CLT, learning is defined as the increase in and transfer of knowledge
from the working memory into the long-term memory; thus only concepts that are
successfully processed by a learner’s working memory can be integrated into the long-
term memory (Figure 1.1; Sweller et al., 1998; Paas et al., 2003; Hessler and Henderson,
2013). In a learning situation where the chunks of information that must be processed
overwhelm the limited working memory resources one holds, cognitive load theory
suggests that learners may experience an impaired ability to transmit that information into

long-term memory (Josephsen, 2015).
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Figure 1.1: The working memory system as it relates to learning and
Cognitive Load Theory

The information processing system as it relates to learning and cognitive load theory
(CLT) and Baddeley’s working memory model (Baddeley and Hitch, 1974; Baddeley,
2000). Under this theory, novel information must first be processed by a learner’s
working memory before storage in the long-term memory can occur. However the
working memory has limited capacity (i.e. it only operates over a few seconds and can
only process 3 to 4 unrelated chunks of information at a time) and the amount of
information that must be processed during a learning task can overload the working

memory resources (Miller, 1956; Brunken et al., 2004; Mayer, 2005).
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Cognitive load theory (CLT) suggests that working memory resources can be impacted
by the intellectual complexity of the task, known as intrinsic cognitive load, the load
imposted by schema formation (i.e. interpreting, classifying and differentiating
information), known as germane cognitive load as well as by the organization and
presentation of the educational material, known as extraneous cognitive load (Sweller et
al., 1998; de Jong, 2010). While intrinsic cognitive load (i.e. the difficulty of the material)
and germane cognitive load (i.e. load imposed by schema construction) are considered to
be relevant to the learning process, extrinsic cognitive load is not, and theoretical
proposition that these three loads are additive contributes to the dogma of CLT that too
much cognitive load can exhaust an individual’s working memory capacity and
contribute to cognitive overload. In this thesis, we are specifically focused on the
extraneous cognitive load imposed by design elements including superfluous navigational
functions, confusing menu bars and unclear buttons, which may cause a learner to use
working memory resources to attend to and process information that is not essential to
learning (Anderson, 1987; Mayer and Sims, 1994; van Merriénboer and Sweller, 2005;
2010). The central idea proposed by CLT is that e-learning tool design should keep
extraneous cognitive load small enough that the working memory resources of the learner
are not overly depleted by it (Cowan, 2014). In the event that the design of an e-learning
tool imposes high extraneous cognitive load, fewer working memory resources may be
available to devote to the educational content presented within the learning tool (Mayer,
2008; van Merriénboer and Sweller, 2010). To this end, numerous studies involving e-
learning tools have shown that overloading a learner’s working memory through design
impairs academic performance (Sweller et al., 1998; Mayer, 2002; Lahtinen et al., 2007;
DeLeeuw and Mayer, 2008).

Beyond reducing the extraneous cognitive load associated with e-learning tool design,
working memory resources can also be leveraged through schema formation. Schemas
are formed when individual pieces of information are combined with related elements,
enabling topics and knowledge to be linked (Sweller et al., 1998; van Merriénboer and
Sweller, 2005). Information elements that are incorporated into a schema can then be
treated as a single element or ‘chunk’ by the working memory, thereby liberating

capacity to process new information during learning (Paas et al., 2004; Paas and Sweller,
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2012). Thus, instructional designs that promote schema development can help to
unburden the working memory system, enabling more effective use of cognitive
resources and efficient transfer of knowledge into long-term memory schemas, thus
increasing student learning (Josephsen, 2015). However, in order to establish schemas
learners must have already had previous interactions with the educational content or
interface (Sweller et al., 1998). In the case of novice learners using a novel software
program, schemas relating to subject information and software navigation have not yet
developed. As a result, for learners in this particular population, software programs have
the potential to overload a novice user’s working memory processing capacity, reducing
transfer of knowledge from the working memory to the long-term memory and impairing
their ability to learn (Sweller, 1988; Sweller et al., 1998).

Though numerous studies have identified specific design principles and strategies that
can be used to reduce extraneous cognitive load (see Sweller et al., 1998; van
Merriénboer and Sweller, 2005, 2010; Mayer, 2008), many researchers argue that there is
little evidence to suggest that the cognitive load of commercial anatomical e-learning
tools have been measured (Chandler and Sweller, 1991a; 1991b; Park and Hannafin,
1994; Sweller et al., 1998; Grunwald and Corsbie-Massay, 2006; Moreno and Mayer,
2007). In light of technological innovation and cognitive psychology, educators and post-
secondary institutions have progressed to the point where “[...] instructional designs
based on visual elegance, common sense & convenience [...] (p.294, Chandler et al.,
1991b)” are no longer adequate. If the information displayed to educational software
users, and the way in which it is presented, has tangible effects on the working memory
and the learning process, there is a need for more empirical research concerning the
effectiveness of commercially produced e-learning tools in order to ensure that the

educational experiences in these learning environments remain effective for all students.

1.3.1 Quantification of Cognitive Load in Education

Given the potential impact a commercial e-learning tool design may have on a novice









161

Appendix K: Sample Anatomy Quiz Questions of the Ankle Joint for Study

3

Identify the bone marked by the arrow.

a)
b)
c)
d)
e)

Medial cuneiform
Navicular

Cuboid

Talus

Calcaneus

From the accompanying picture, identify which aspect of the ankle

is being viewed

a)

b)

Superior view
Inferior view
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