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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. 
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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. 

Keywords 

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.  

 

1.1 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 

                                                 

1
 These articles have been published in the journal Anatomical Sciences Education. For permission 

approval notices from the publisher see Appendix A, B and C. 
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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).  
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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 

(Pin et al., 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 
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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 
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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 Merriënboer, 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 
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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 
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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 
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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 
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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 

memory 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 Merriënboer 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; Brünken 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 Merriënboer 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 Merriënboer 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 Merriënboer 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 

Merriënboer 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 
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learner’s working memory system, measurement of cognitive load during e-learning tool 

use is warranted. A common classification system of cognitive load assessment 

techniques describes three main categories including subjective, physiological, and task- 

and performance-based indices (Sweller et al., 1998; de Jong, 2010). In the fields of 

education and informational sciences, subjective measures as well as task- and 

performance-based indices are the simplest to employ in authentic learning situations 

(Oviatt, 2006).  

Subjective techniques are based upon the assumption that people are able to examine 

their own cognitive processes and report the amount of mental resources expended during 

e-learning tool use using self-rating scales (Paas et al., 2003, 2007; Pociask and 

Morrison, 2008; for review see de Jong, 2010). Subjective measures in educational 

studies are typically collected at a single time point during the task or following its 

completion, and are thus a static measure of cognitive load, making them inappropriate 

for assessing cognitive load changes over time (Oviatt, 2006; Gwizdka, 2010).  

Task- and performance-based techniques, also called dual- task paradigms, are predicated 

on the assumption that limited working memory resources can be allocated flexibly to 

different tasks when said tasks are performed simultaneously (Brünken et al., 2003). This 

approach involves two measurements: a primary learning task measurement, which is 

often a performance based metric of the task of interest, and an observational task 

measurement, which is an objective measure of performance, such as reaction time, when 

said observation task is performed in tandem with the primary learning task (Sweller et 

al., 1998; Brünken et al., 2003). This approach has the advantage of enabling real-time 

data collection in an inexpensive, highly reliable, and temporal fashion (Brünken et al., 

2003; de Jong, 2010; Gwizdka, 2010). Although the dual-task method has been 

empirically shown to be a suitable approach for evaluating total cognitive processing 

loads during library system/web searches as well as multimedia learning in the subject 

areas of mathematics, physiology and arts and culture (Brünken et al., 2002, 2003; Kim 

and Rieh, 2005; Oviatt, 2006; DeLeeuw and Mayer, 2008; Gwizdka and Lopatovska, 

2009); no studies to date, with the exception of the research presented in this thesis, have 

employed this technique to assess cognitive load during commercial anatomical learning 



15 

 

tool use  

 

1.3.2 Dual-Task Assessment of Cognitive Load in Education 

Dual-task paradigms are grounded in CLT, which states that if two tasks require the same 

cognitive resources (i.e. are processed visually) and are performed simultaneously, then a 

learner’s available working memory resources will be distributed between both tasks 

accordingly ( Fisk et al., 1986; Brünken et al., 2002). Commonly, a learning task, 

performed within an e-learning tool interface, and an observation task are selected and 

performance measures of the latter are utilized to assess the relative amounts of mental 

resources consumed by the former (Kerr, 1973; Fisk et al., 1986).  

To elaborate, a classic dual-task paradigm contains tasks that are organized into two 

distinct conditions: (1) a dual-task condition, where a learning task is performed 

simultaneously with an observation task; and (2) single-task conditions, which require the 

completion of only one task, most commonly the observation task in isolation. Theory 

suggests that the single task condition forms a baseline indicator of total cognitive 

processing loads when all working memory resources are devoted to the observation task 

as it is performed alone. Generally, the observation task is a simple, continuous activity 

that requires limited mental resources, such as responding to a visual or auditory 

stimulus. In the case of the observation task, performance variables such as reaction time 

are recorded, and compared across single-task and dual-task scenarios. Conversely, 

performance measures for the learning task include comparisons between knowledge 

acquisition scores before and after the learning task is completed. 

The use of a simple observation task in a dual-task paradigm is predicated on the capacity 

sharing approach to explaining dual-task interference (Pashler, 1994). Under this theory, 

tasks that share the same working memory resources (e.g., if the tasks must be interpreted 

visually) and are performed concurrently can interfere with each other; that is, if two 

tasks are being performed simultaneously, then there is less processing capacity (i.e., 

fewer working memory resources) available for each individual task than there would be 
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if each task was completed in isolation (Pashler, 1994). Cognitive load theory and dual-

task procedures suggest that performance on the concurrently running tasks would be 

impaired in comparison with performance when said tasks are completed in isolation 

(Stroop, 1935; Pashler, 1994). This relative degree of this interference, called dual-task 

interference, can be investigated through the use of a simple observation task (Pashler, 

1994). In a dual-task condition, where a learning task is completed simultaneously with a 

simple observation task, participants are asked to respond to the observation task as 

quickly as possible when they notice the task cue (e.g., a noise, a change in color, or a 

vibration) while also continuing to attend to the primary learning task (Posner and Boies, 

1971; Pashler, 1994). The assumption inherent to the dual-task paradigm and cognitive 

load theory is that the speed of response to the observation task provides a relative 

estimate of spare working memory resources left unoccupied by the learning task (Posner 

and Boies, 1971).  

To clarify, the dual-task condition, in theory, essentially requires learners to divide their 

the limited working memory resources between two tasks. As a result, fewer cognitive 

resources should, in theory, be available for processing each task when those tasks are 

performed simultaneously than would be available for processing each task if it was 

completed in isolation (Brünken et al., 2002). By using dual-task methodology, cognitive 

load theory suggests that it is possible to test different variants of a learning task or 

interface for the relative amount of working memory resources they require by comparing 

learner reaction times on the observation task when said task is completed in isolation 

compared to when it is performed simultaneously with a learning task (Brünken et al., 

2003; de Jong, 2010). By measuring the time it takes a learner to respond to the simple 

visual observation task (VOT), cognitive load theory suggests it may be possible to 

relatively quantify the cognitive load imposed by different learning tools; that is, if a 

learner’s reaction time on a VOT is relatively quick, compared to the time it takes that 

learner to respond to the VOT in isolation, it suggests that the learner’s working memory 

resources are not overloaded by the learning tool, since they have the working memory 

recourses available to monitor and respond to the VOT quickly. Conversely, if learner 

reaction times on the VOT are significantly longer, then it suggests more working 

memory resources are being occupied by the learning tool and there are not enough to 
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respond to the VOT in a timely fashion (Posner and Boies, 1971; Pashler, 1994; Brünken 

et al., 2003; de Jong, 2010).   

 

1.4 Thesis Objectives and Hypotheses 

The overall objective of this dissertation is to investigate the influence of commercial e-

learning tool design on learner knowledge recall in the discipline of human anatomy, by 

applying working memory limitations, cognitive load theory and dual-task assessment as 

guiding principles. Three independent studies were conducted to address the unique 

aspects of this overall objective.  

 

1.4.1 Study I 

The objective of Study I was to measure cognitive load using standard dual-task 

paradigm, designed based on existing literature, when students used two commercial 

anatomical e-learning tools with different software designs to study anatomy (A.D.A.M. 

Interactive Anatomy (Ebix, Inc., Atlanta, GA) and Netter’s 3D Interactive Anatomy 

(Elsevier Inc., Philadelphia, PA)). Study I was developed using previous studies that 

successfully applied dual-task paradigms to assess cognitive load across different variants 

of passive e-learning tools that taught dynamic concepts (i.e. heart contraction; Brünken 

et al., 2002; DeLeeuw and Mayer, 2008).  Our primary hypothesis was that a similar 

paradigm could be applied to the assessment of cognitive load across two different 

commercially built e-learning tools that were fully interactive but showed static concepts 

(i.e. skeletal anatomy). Using the cognitive load theory and a dual-task paradigm to 

capitalize on the limitations of the working memory, our specific aim was to measure 

relative extraneous cognitive load levels induced by different e-learning software 

packages, using a dual-task paradigm, given that the primary learning task (i.e. the 

anatomy learned) and the working memory resources it required were held constant. 
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1.4.2 Study II 

Whereas Study I utilized a standard dual-task paradigm, designed based on existing 

literature, as a potential tool for measuring cognitive load, Study II utilized a novel dual 

task methodology, corrected to address confounding variables identified in Study I, to re-

examine two commercial anatomical e-learning tools. Specifically, the objective of Study 

II was to use a dual-task paradigm with a different visual observation task, known as a 

modified Stroop test (to be explained in the next Chapter) to examine cognitive load 

changes between two commercial anatomical e-learning tools (Netter’s 3D Interactive 

Anatomy and A.D.A.M. Interactive Anatomy). Using simplified anatomical concepts and 

two single-task conditions we measured the effect of the design of these two commercial 

e-learning tools on learner cognitive load during two joint learning exercises (elbow and 

knee). Based on studies that suggested there was little evidence that commercial 

anatomical e-learning tools are designed with important principles such cognitive load 

and working memory in mind (Chandler and Sweller, 1991a; 1991b; Park and Hannafin, 

1994; Sweller et al., 1998; Grunwald and Corsbie-Massay, 2006; Moreno and Mayer, 

2007), we predicted that a more complex e-learning tool would impose more cognitive 

load on learners. More specifically, our primary hypothesis was that significantly longer 

reaction times on a visual observation task would be associated with the more complex 

anatomical software (Netter’s 3D Interactive Anatomy), which would indicate a higher 

cognitive load imposed by the anatomy software and interfere with learning, thus 

resulting in significantly lower post-test scores.  

 

1.4.3 Study III 

The objective of Study III was to examine how the visual-kinesthetic experience of 

manipulating a physical skeleton impacts learning when compared to virtual 

manipulation of a simple 2-dimensional (2D) anatomical e-learning tool (A.D.A.M. 

Interactive Anatomy). Recent work has suggested that visual-kinesthetic learning 

experiences generate better learning outcomes than visual-only experiences because they 
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reduce cognitive load, but interestingly researchers have not directly measured cognitive 

load in this context (Jones et al., 2003; 2006; Minogue and Jones, 2006; Zacharia and 

Olympiou, 2011). Our primary hypothesis was that using a physical skeleton would 

generate significantly better learning outcomes, due, in part, to a reduction in cognitive 

load, when compared to a simple, 2-dimensional commercial e-learning tool (A.D.A.M. 

Interactive Anatomy). Specifically, visual observation task reaction times would be 

significantly shorter when students interacted with a physical skeleton, indicating a lower 

cognitive load and resulting in significantly higher post-test scores. Furthermore, based 

on the results of Chapter 3, we predicted that a learner’s spatial ability would not 

influence their knowledge recall when they studied using A.D.A.M. Interactive Anatomy, 

but that their spatial ability would influence knowledge recall when they studied using a 

physical skeleton. Given these hypotheses, Study III attempted to address three specific 

aims: 

1. Investigate if a dual-task paradigm is an effective tool for measuring cognitive 

load changes across a visual-kinesthetic and visual-only learning modality 

2. Assess the impact of knowledge recall when using a physical skeleton to study 

when compared to a content matched simple 2D e-learning tool (A.D.A.M. 

Interactive Anatomy) 

3. Evaluate the effect of learner spatial ability on knowledge recall when learning 

from the different learning modalities mentioned above.  
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Chapter 2  

2 Assessing Standard Dual-Task Paradigms for the 
Measurement of Cognitive Load in E-Learning Tools 

This chapter describes the development and testing of a dual-task paradigm that could be 

used to assess the impact of different anatomical e-learning tool designs on learner 

cognitive load and knowledge recall.2  

 

2.1 Literature Review 

Post-secondary institutional investment in commercial anatomical e-learning tools is 

often a product of the assumption that the use of new technologies with greater 

interactivity invariably produces better learning (Tam et al., 2009). In the business of 

education, the drive to satisfy millennial learners on a technological level, specifically in 

anatomy, has led to the rapid adoption of commercial e-learning tools into anatomy 

curricula. Yet, despite their popularity among students, evidence regarding the impact of 

these commercial tools on student learning remains scarce. Furthermore, the 

methodologies used to evaluate how different interfaces and interactive features impact 

the learning process are imprecise (Khalil et al., 2005). Given the investment in and 

popularity of commercial anatomical e-learning tools it is necessary to understand how 

different functionalities can influence a novice user’s learning process. 

The design of e-learning tool interfaces can liberate or occupy learner working memory 

resources as described by the cognitive load theory (CLT; Chandler and Sweller, 1996; 

Sweller et al. 1998; Sweller et al., 2011). If the design of an e-learning tool is overly 

complicated by superfluous software navigational functions, confusing menu bars and 

unclear buttons, it may occupy more of the limited working memory resources than a 

                                                 

2
 A version of this chapter has been published in the journal Anatomical Sciences Education. For the 

permission approval notice from the publisher see Appendix A. 
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simple e-learning tool (Sweller et al., 2011). In a learning environment where the 

educational information, and the way in which it is presented, overwhelms the limited 

amount of working memory resources one holds, learners may experience an impaired 

ability to transmit that information into long-term memory (Baddeley, 2000; 2003; 

Lahtinen et al., 2007; DeLeeuw and Mayer, 2008; Josephsen, 2015).  

A learner’s working memory resources can be affected by the intellectual complexity of 

the educational task or information, known as intrinsic cognitive load, and the 

organization and presentation of that information, known as extraneous cognitive load 

(Chandler and Sweller, 1996; Sweller et al., 1998; Oviatt, 2006). In the context of 

education, intrinsic cognitive load is considered to be relevant to the learning process (i.e. 

schema construction), however extraneous cognitive load is not and can actually interfere 

with learning (Sweller et al., 1998; Paas et al., 2004). Design choices made during 

educational e-learning software development can impact extraneous cognitive load levels 

in users and affect the overall software usability. In this context, software usability is “the 

extent to which a product can be used by specific users to achieve certain goals (i.e. 

learning) with effectiveness, efficiency and satisfaction in a specific context (i.e. the 

anatomy curriculum)” (ISO, 1998). Thus, interfaces that require a learner to arbitrarily 

test possibilities without proper guidance, or search for information that is needed to 

complete a learning task, can increase extraneous cognitive load levels (Anderson, 1987; 

van Merriënboer and Sweller, 2010). Extraneous navigational functions, confusing menu 

bars and unclear buttons can contribute to high user cognitive load and poor software 

usability (Eva et al., 2000). Since cognitive load theory suggests that only information 

that is successfully processed by the working memory is integrated into the learner’s 

long-term memory, the absence of well-designed, cognitively efficient e-learning 

interfaces may result in students spending so much time learning how to navigate the 

interface that their learning of the educational material is compromised (Sweller et al., 

1998; Wong et al., 2003; Ardito et al., 2006; Grunwald and Corsbie-Massay, 2006) 

Sweller et al.’s cognitive load theory, described in Section 1.3, specifically addresses 

multimedia interfaces and working memory limitations using Baddeley’s multi-

component working memory model (Chandler and Sweller, 1996; Sweller et al. 1998; 
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Baddeley, 2000; Sweller et al., 2011). Using CLT, Sweller et al. (1998) have suggested 

strategies for e-learning tool interface design that theoretically minimize extraneous 

cognitive load, which have been utilized by academics when developing individual 

learning tools (Stull and Mayer, 2007; O’Bryne et al., 2009; Rich and Guy, 2013; Allen 

et al., 2015; 2016). However, there is little evidence to suggest that commercially 

developed tools and the common design strategies they use (i.e. enhanced graphics, 

extensive navigational controls, and multiple viewing angles) have been successful in 

reducing cognitive load, because cognitive load has never been formally quantified 

whens students use these tools. 

To assess the influence of commercial anatomical e-learning design on learner cognitive 

load and knowledge recall, a dual-task paradigm was selected to assess cognitive load 

across two commercial anatomical e-learning tools. Previous studies have demonstrated 

that dual-task experimental designs are a suitable instruments for evaluating cognitive 

processing loads in the designs of educational and computer sciences learning software 

(Brünken et al., 2002, 2003; Kim and Rieh, 2005; Oviatt, 2006; DeLeeuw and Mayer, 

2008; Gwizdka and Lopatovska, 2009). Based on these results, the dual-task designs used 

by Brünken et al. (2002) and DeLeeuw and Mayer (2008) were used to guide our own. In 

these studies, the classic dual-task design utilizes three separate testing conditions, a 

single-task involving the completion of an observation task in isolation and two dual-task 

conditions involving the use of different interfaces or presentations of information 

simultaneously with an observation task (Chandler and Sweller, 1996; Brünken et al., 

2002; Brünken et al., 2004; Kim and Rieh, 2005; Lahtinen et al., 2007; DeLeeuw and 

Mayer, 2008).  

In a dual-task paradigm, observation tasks are often selected so that the mode of delivery 

(i.e. auditory or visual stimuli) overlaps with the primary learning task modality. In the 

case where the primary learning task contains only visual information, a visual 

observation task such a color changing box, background or letter is often selected as a 

sensitive measure of the load placed on the visual working memory subsystem (i.e. 

visuospatial sketchpad; Brünken et al., 2002; Kim and Rieh, 2005; DeLeeuw and Mayer, 

2008; Knox et al., 2014). Literature involving dual-task paradigms, also indicates that 
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observation tasks should be simple enough in nature to enable participants to easily learn 

and perform the task, thus reducing the risk that the observation task will interfere overtly 

with primary task performance (Brünken et al., 2003; Kerr, 1973). To prevent 

participants from developing familiarity with the observation task and reducing the total 

cognitive processing loads while completing the task, participants are often not permitted 

to practice the observation task in isolation prior to testing (Brünken et al., 2002; Kim 

and Rieh, 2005; DeLeeuw and Mayer, 2008).  

While literature exists regarding the usage of observation tasks in dual-task paradigms, 

there is little guidance to be found in the literature about restrictions surrounding 

selecting a primary learning task. The total time commonly allotted to complete the 

primary learning task varies widely between studies, however, on average participants are 

given between 12-15 minutes per dual-task condition (Brünken et al., 2002; Brünken et 

al., 2004; Kim and Rieh, 2005). 

As previously discussed in Section 1.3.2, single task conditions form a baseline indicator 

of cognitive processing load when all working memory resources are devoted to the 

observation task. The use of a simple observation task in a dual-task paradigm is 

predicated on the capacity sharing approach to explaining dual-task interference, a 

concept acknowledged in cognitive load theory (Pashler, 1994). Dual-task interference 

and cognitive load theory posit that tasks, which share the same working memory 

resources (e.g. are interpreted visually), and are performed concurrently can interfere 

with each other. That is, if two tasks are being performed simultaneously, then there is 

less processing capacity (i.e., fewer working memory resources) available for each 

individual task than there would be if each task was completed in isolation (Pashler, 

1994). The dual-task condition essentially requires a learner to divide their limited 

working memory resources, with the assumption being that the speed of response to the 

observation task will provide a relative estimate of spare working memory resources left 

unoccupied by the learning task (Brünken et al., 2002; Posner and Boies, 1971). If more 

working memory resources are consumed by a particular learning task, less cognitive 

capacity is available to devote to the monitoring task and reactions will be slower 

(Brünken et al., 2003; de Jong, 2010). Thus, if performance on an observation task 
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fluctuates based on the working memory load imposed by a learning interface, it should 

be possible to assess relative extraneous cognitive load levels induced by different e-

learning software packages, if the primary learning task, and the total cognitive 

processing load it requires, are held constant.  

 

2.1.1 Objective 

The aim of this study was to measure cognitive load using standard dual-task paradigm, 

designed based on existing literature, when students used two commercial anatomical e-

learning tools with different software designs to study anatomy (A.D.A.M. Interactive 

Anatomy (Ebix, Inc., Atlanta, GA) and Netter’s 3D Interactive Anatomy (Elsevier Inc., 

Philadelphia, PA)). We hypothesized that previously successful dual-task paradigms used 

to assess cognitive load across different variants of passive e-learning tools that taught 

dynamic concepts (i.e. heart contraction; Brünken et al., 2002; DeLeeuw and Mayer, 

2008) could be applied to study cognitive load across two different commercially built e-

learning tools that were fully interactive but showed static concepts (i.e. skeletal 

anatomy). Our hypothesis was that the complex design of Netter’s 3D Interactive 

Anatomy would impose a higher level of extraneous cognitive load compared to the 

simplistic design of A.D.A.M. Interactive Anatomy, given that the primary learning task 

(i.e. the anatomy learned) and the working memory resources it required were held 

constant. 

 

2.2 Methodology 

The research protocol was approved by the Office of Research Ethics at The University 

of Western Ontario, Canada (Appendix D). 
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2.2.1 Participants and Recruitment 

Participants were recruited from the Allied Health Sciences at The University of Western 

Ontario. A total of 20 students, recruited by emails from the first author, participated in 

the study.  

2.2.2 Experimental Design Overview 

Each participant was scheduled for two separate testing sessions that were held on 

different days. Prior to the first testing session participants were asked to complete two 

pre-test measures inclusive of a demographic questionnaire and an anatomy knowledge 

baseline test. The demographic questionnaire asked participants to declare if they had 

used anatomy e-learning tools in the past, and if so, which products. The anatomy 

knowledge baseline test assessed participant’s familiarity with the knee and elbow joint 

and consisted of 20 short answers (50:50, knee:elbow). Students were asked to identify 

the ligaments, blood vessels and muscles that crossed each joint as well as important 

bony landmarks immediately surrounding the joint. Fourteen out of 20 questions had an 

associated static cadaveric image, with a structure marked by an arrow. Participants were 

given 20 minutes to answer all questions, and each question required a typed response 

with accurate spelling.  

To assess the cognitive load that each e-learning tool’s design placed on the learner, 

participants were involved in two single-task conditions, each involving the completion 

of the visual observation task (VOT) in isolation, and two dual-task conditions involving 

a VOT and joint learning exercise completed simultaneously. During both the first and 

second testing sessions, each participant took part in one single-task condition and one 

dual-task condition (Table 2.1). 

 

 

 

  



35 

 

Table 2.1: E-Learning Tool and Joint Learning Exercise Assignments  

 

In both e-learning tool and joint learning exercises (dual-task conditions) participants are 

randomly assigned to explore the anatomy of two joints (elbow and knee) using two 

different learning methods (A.D.A.M. Interactive Anatomy and Netter’s 3D Interactive 

Anatomy). Due to this cross over design the e-learning tools and joints studied on Day 1 

and Day 2 vary depending on the participant. 

VOT, visual observation task. 

 

2.2.3 Commercial Anatomical E-Learning Tools Examined 

In an effort to understand how significantly different commercial anatomical software 

interfaces affect a learner’s cognitive load, A.D.A.M. Interactive Anatomy (Ebix, Inc., 

Atlanta, GA) and Netter’s 3D Interactive Anatomy (Elsevier Inc., Philadelphia, PA) were 

selected. These tools were chosen because 1) they contained the relevant structures, 

anatomical landmarks and labels required for a participant to meet the objectives outlined 

for each joint learning exercise (see below) and 2) their interface designs were 

significantly dissimilar (Fig. 2.1).  

A.D.A.M. Interactive Anatomy is a 2-dimensional tool that presents static anatomical 

images in a textbook-like fashion using a navigational tool set containing 9 buttons that 

can be used to manipulate the image, including extracting, highlighting and changing the 

 Day 1  Day 2 

Participant 
VOT in 

isolation 
E-learning tool and 

joint learning exercise 
 

VOT in 
isolation 

E-learning tool and 
joint learning exercise 

1 ✓ 
Elbow in A.D.A.M. 

Interactive Anatomy 
 ✓ 

Knee in Netter’s 3D 
Interactive Anatomy 

2 ✓ 
Knee in A.D.A.M. 

Interactive Anatomy 
 ✓ 

Elbow in Netter’s 3D 
Interactive Anatomy 

3 ✓ 
Elbow in Netter’s 3D 
Interactive Anatomy 

 ✓ 
Knee in A.D.A.M. 

Interactive Anatomy 

4 ✓ 
Knee in Netter’s 3D 
Interactive Anatomy 

 ✓ 
Elbow in A.D.A.M. 

Interactive Anatomy 
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magnification of a selected structure. Within A.D.A.M. Interactive Anatomy, users have 

the ability to access four key anatomical views including anterior, posterior, lateral and 

medial.  Rollover labels are used to identify structures and users manipulate a sliding 

depth bar to examine different image layers. However, A.D.A.M. Interactive Anatomy 

does not enable body systems, such as the skeletal and digestive systems, to be viewed 

independent from the rest of the body (Fig. 2.1A).   

Conversely, Netter’s 3D Interactive Anatomy has a 3-dimensional usability that is 

generated through the compilation of static images whose three-dimensional coordinates 

are stored on a server. These coordinates are used to generate animations, where depth 

cues are conveyed to the learner by the differing speeds of near and far structures when 

the objects are rotated (Cohen and Hegarty, 2007). This gives the illusion of depth to a 

two-dimensional structure, even though no stereopsis is required. In addition, users are 

able to rotate a structure along any axis point, enabling viewing from all angles (Attardi 

and Rogers, 2015). Netter’s 3D Interactive Anatomy has 20 buttons contained within its 

navigational tool set that can be used to execute a wide range of functions including, but 

not limited to, magnifying and peeling away individual structures, as well as translating 

and rotating images. Rollover labels are only visible for larger structures, such as 

individual bones like the femur, however, in order to access more specific labeling (e.g. 

bony landmarks), users must choose two different buttons in succession. Within Netter’s 

3D Interactive Anatomy students can dissect the cadaveric images by removing 

individual structures, a function that is not possible within A.D.A.M. Interactive 

Anatomy. Furthermore, Netter’s 3D Interactive Anatomy enables users to toggle on and 

off different categories of structures (e.g. skeletal, circulatory and muscular systems; Fig. 

2.1B). 

Previous research suggests that e-learning tools that enable high navigational control 

through extensive tool sets and multiple viewing angles can disorient novice users and 

increase extraneous cognitive load (Dias et al., 1999; Garg et al., 1999; Khalil et al., 

2005; Levinson et al., 2007; Dindar et al., 2015). The extensive tool set of Netter’s 3D 

Interactive Anatomy may result in elevated extraneous cognitive load levels, as learners 

are forced to spend more time arbitrarily testing possibilities when learning to navigate 
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the program (Sweller et al., 1998; Wong et al., 2003; Ardito et al., 2006; Grunwald and 

Corsbie-Massay, 2006; van Merriënboer and Sweller, 2010). These features in 

conjunction with each other were used to classify this tool as complex. To further support 

this classification, previous research involving Netter’s 3D has demonstrated that 

students often find the software difficult to install and use, which may further contribute 

to extraneous cognitive load and learner frustration (Attardi, 2015). A.D.A.M. Interactive 

Anatomy, which has significantly fewer tools available in the menu bar, limits how a user 

can interact with the anatomical structures, which may reduce confusion when using the 

program, and for the purposes of this research has been called simple. In terms of 

viewing angles, Netter’s 3D Interactive Anatomy is a highly interactive system, as it 

allows structures to be rotated on any axis and studied from multiple views, where as 

A.D.A.M. Interactive Anatomy only allows anatomical structures to be studied from four 

key views (e.g. anterior, posterior, lateral, medial; Luursema et al., 2006). 

 

Figure 2.1: Screen captures of commercial anatomical e-learning tools 
assessed. 

A.D.A.M. Interactive Anatomy (A) displays anatomical content in a textbook-like 

fashion with limited buttons for student interaction. Conversely, Netter’s 3D Interactive 

Anatomy (B) has a 3-dimensional appearance and 20 buttons through which users can 

interact with the program. 

  

A B
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2.2.4 Visual Observation Task in Isolation 

The research station used in this study to present each e-learning tool consisted of a LG 

PC with Intel dual-core processor running Windows 7 (Microsoft Corp., Redmond, WA) 

connected to a 26-inch LG Flatron Wide monitor (LG Electronics Inc., Seoul, Korea). A 

second 26-inch LG Flatron Wide monitor was placed directly behind the first on a raised 

platform and was connected to a 15-inch Lenovo laptop (ThinkPad E531, Lenovo, 

Morrisville, NC) running Windows 7.  This laptop, with an external keyboard, was used 

to run the VOT (Fig. 2.2).  

The single-task condition involved responding to the VOT and was conducted twice for 

each participant (once during each testing session). Two single-task sessions were 

performed in order to control for testing taking place on separate days and to account for 

factors that may affect reaction times (i.e. caffeine intake, time of day, etc.). Participants 

were asked to press the space bar on an external keyboard as soon as they perceived a 

color change in a small window displayed on the upper right area of a computer screen 

(Fig. 2.2).  

A VOT, instead of an auditory task, was chosen for this study because its optical nature 

makes it ideal to measure the resources of the working memory’s visual subsystem 

occupied during the use of a visual only e-learning tool (Fisk et al., 1986; Brünken et al., 

2002; Kim and Rieh, 2005; DeLeeuw and Mayer, 2008). Furthermore, the VOT involved 

the detection of a color-change, which is most commonly utilized in other dual-task 

studies comparing computer interface designs (Brünken et al., 2002; Kim and Rieh, 2005; 

DeLeeuw and Mayer, 2008; Knox et al., 2014). The VOT in this study involved a small 

computer window programmed to change colors semi-randomly every 15-60 seconds 

from grey to red or red to grey. The researchers ensured that identical colors were not 

presented consecutively. A simple VOT, as used in this study, should enable participants 

to easily learn and perform the VOT while reducing the risk that it will interfere directly 

with e-learning task performance (Kerr, 1973; Brünken et al., 2003).   

E-Prime® 2.0 Professional (Psychology Software Tools, Inc., Sharpsburg, PA) was 

utilized to program color changes and record time lapses between each color change and 
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participant response. Each VOT was 15-minutes in duration and included a total of 23 

color changes. The length of the joint learning session, discussed below, predetermined 

the total VOT duration described here. The color-change intervals (15-60 seconds) were 

selected based on previous research that indicated that such a range would be short 

enough to affect performance on the VOT but still allow for close to normal performance 

during the learning task (Wastlund et al., 2008; Gwizdka, 2010). In order to estimate 

participants’ average response times on the VOT when 100% of their visual working 

memory resources were devoted to the visual observation task, they were asked to 

complete a VOT in isolation. In accordance with previous dual-task research, participants 

were not exposed to the VOT prior to this task being completed in isolation, in an effort 

to prevent the development of task familiarity, which may impact the total cognitive 

processing load over time (Brünken et al., 2002; Kim and Rieh, 2005; DeLeeuw and 

Mayer, 2008). It should also be noted that color-change intervals were scrambled for each 

VOT displayed to a participant in an effort to prevent prediction and automation of 

responses.  
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Figure 2.2: Initial design of dual-task experimental design station. 

During the visual observation task in isolation, participants responded to a modified 

Stroop test that appeared on Monitor 2, no images were shown on Monitor 1 during this 

time. In the dual-task testing conditions where participants completed both a visual 

observation task and joint learning exercise in tandem, the visual observation task was 

displayed on Monitor 2, while, at the same time, the assigned e-learning tool was 

displayed on Monitor 1.  
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2.2.5 Visual Observation Task and Joint Learning Exercise 
Combined (Dual-task Condition) 

The dual-task testing conditions involved completing a joint learning exercise as well as a 

VOT (described above) simultaneously (Fig. 2.2). Participants were randomly assigned at 

the start of the study to explore both the elbow and knee joints, using different 

commercial e-learning software packages (Netter’s 3D Interactive Anatomy and 

A.D.A.M. Interactive Anatomy; Table 2.1). Participants studied one joint using one e-

learning tool on the first day of testing and the second joint and e-learning tool on the 

following day of testing. The elbow and knee joints were chosen because they are both 

complex hinge joints with unique ligaments. The knee is arguably the more complex 

hinge joint, however, it is more commonly understood by students prior to their exposure 

to a formal anatomy course. Prior to beginning a combined VOT and joint learning 

exercise, participants were provided an instruction page that detailed how to use the e-

learning tool and included four objectives to help guide the student: (1) Identify the 

different ligaments that cross the joint; (2) Identify the blood vessels that cross the joint; 

(3) Identify the muscles that cross the joint; and (4) Identify the bony landmarks on the 

bones that immediately surround the joint.  

 Using previous dual-task parameters as a guide, participants were given 15 minutes to 

explore a joint (elbow or knee) using a pre-assigned e-learning tool (Brünken et al., 2002; 

Brünken et al., 2004; Kim and Rieh, 2005). Participants were free to use their allotted 

study time as they wished; however, they were not given access to other resources (online 

or otherwise) during the session. Furthermore, neither e-learning tool enabled students to 

type in structure names during the learning session. At the same time participants were 

learning using a specific e-learning tool, they were also asked to respond to the VOT 

described above (Fig. 2.2). Upon completion of each combined dual-task exercise, 

participants were asked to write a scrambled version of the same pretest questions 

relevant to the joint just learned (10 of 20 questions).  It should be noted that the two 

combined testing conditions took place on separate testing days to avoid mental 

exhaustion caused by the extended duration of the testing session. 
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Under the theories of cognitive load and dual-task research, if an e-learning tool imposes 

a higher extraneous cognitive load on a learner (i.e. if it has a confusing menu bar and/or 

unclear buttons like Netter’s 3D Interactive Anatomy), said learner will have fewer 

working memory resources to devote to: (1) the content within the learning tool; and, (2) 

the VOT task in the background. Thus, learners who are exposed to an e-learning tool 

that imposes high cognitive load will have low performance scores and slower reaction 

times, that when the same learner used a simple e-learning tool that did imposed a low 

cognitive load (such as A.D.A.M. Interactive Anatomy; Fig. 2.3).  
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Figure 2.3: How a commercial e-learning tool that imposes high or low 
cognitive load may impact a learner during a dual-task condition. 

Figure A depicts how a dual-task condition, that involves an e-learning tool that imposes 

high cognitive load, may appear to learner. In the event that an e-learning tool has an 

extensive and confusing tool set as seen in Netter’s 3D Interactive Anatomy (A: orange 

arrow), students are more likely to spend their working memory resources and time 

learning how to navigate the program, that they will be less likely to learn the educational 

material or notice the visual observation ask (VOT; A: blurred images marked by the 

green and pink arrows). 

Conversely, Figure B depicts how a dual-task condition, that involves an e-learning tool 

that imposes low cognitive load, may appear to learner. In this situation, a simplified e-

learning tool that presents a limited tool set marked with clear labels, such as that seen in 

A.D.A.M. Interactive Anatomy (B: orange arrow), will not burden student working 

memory resources. Instead, easy navigation will allow a learner to devote their remaining 

		

Visual Observation Task 

Learning Activity 

Interface or Tool 

									
		

Division of working memory resources when using an 

e-learning tool that imposes HIGH cognitive load 

A

B

									
		

		

Division of working memory resources when using an 
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Visual Observation Task 

Learning Activity 

Interface or Tool 
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working memory resources to the educational material with the tool and monitoring the 

VOT (B: sharp images marked by green and pink arrows). 
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2.2.6 Analysis 

Participant VOT reaction times in the isolated condition were averaged across Day 1 and 

Day 2 and compared to the averaged reaction times when the VOT was paired with a 

joint learning exercise (dual-task condition).  The reaction times gathered during the 

dual-task condition were compared by e-learning tool (A.D.A.M. Interactive Anatomy or 

Netter’s 3D Interactive Anatomy), by joint learning exercise (knee or elbow) and by day 

of use (Day 1 or Day 2) using paired samples t-tests. Reaction times were further 

compared by e-learning tool and day of use as well as by joint and day of use using 

independent samples t-tests. 

Participant pre-test and post-test scores, as well as gain scores, were compared by e-

learning tool, joint learning exercise, and by day of use using paired samples t-tests. 

Further to this, the relationship between reaction time and post-test score or gain score 

was explored using a Pearson correlation.  

 

2.2.7 Exclusion Criteria 

Participants were excluded from analysis if: 1) they scored perfect on one or more 

sections of the anatomy knowledge baseline pretest, 2) they failed to take all tests or 3) if 

their performance on the visual observation task was more than two standard deviations 

away from the mean.  

 

2.3 Results 

 

2.3.1 Demographics  

Of the 20 Allied Health Sciences students who participated in the study, 13 individuals 

had complete, usable data sets (n = 13, M to F 6:7, mean age = 23.4 years). Of the 13 

participants, 11 were enrolled in a Clinical Anatomy Master’s program and 2 were 
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enrolled in undergraduate programs at the time of the study. It should be noted that those 

participants enrolled in the Clinical Anatomy Masters program were tested prior to 

receiving formal anatomy instruction through their program. Six participants reported 

they had used anatomical e-learning programs in the past, and 4 of these individuals 

identified that e-learning tool as Netter’s 3D Interactive Anatomy, while only 1 

individual had used A.D.A.M. Interactive Anatomy. 

 

2.3.2 Visual Observation Task Reaction Times Assessed by E-
Learning Tool 

When the visual observation task was completed in isolation, the mean reaction time 

(mean ± SD) across all participants (n = 13) was 431 ± 86 milliseconds. This baseline 

value was compared to reaction times on the VOT when said task was completed in 

tandem with a joint learning exercise. Participants mean reaction times in this dual-task 

condition, when grouped by e-learning tool use and regardless of the day of use, were 

927 ± 468 and 1054 ± 576 milliseconds for Netter’s 3D Interactive Anatomy and 

A.D.A.M. Interactive Anatomy respectively. A paired samples t-test performed between 

VOT reaction times in the baseline and dual-task conditions demonstrated significantly 

longer reaction times in the dual-task conditions when participants used Netter’s 3D 

Interactive Anatomy (t(12) = -3.72, p = 0.003) or A.D.A.M. Interactive Anatomy (t(12) = 

-4.06, p = 0.002). However, no significant difference was found between VOT reaction 

times when participants used Netter’s 3D Interactive Anatomy when compared to 

A.D.A.M. Interactive Anatomy in the dual-task condition. 

Visual observation task reaction times in conditions where said tasks were performed 

simultaneously with a joint learning exercise were further broken down by e-learning tool 

and day of use (Table 2.2). No significant difference was found using an independent t-

test between VOT reaction times in A.D.A.M. Interactive Anatomy and Netter’s 3D 

Interactive Anatomy on Day 1 or Day 2. Similarly, no significant difference was found 

between reaction times in Netter’s 3D Interactive Anatomy on Day 1 and Day 2 or 

A.D.A.M. Interactive Anatomy on Day 1 and Day 2. 
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Table 2.2: Visual Observation Task Reaction Times Assessed by E-
Learning Tools and Day of Use 

 

 

 

 

 

 

Independent t-tests were used to analyze the dual-task reaction times measured on Day 1 

and 2.  

No significant differences were found. 

 

VOT, visual observation task. 

 

 

 

2.3.3 Visual Observation Task Reaction Times Assessed by Joint 
Learning Exercise 

Visual observation task reaction times during the joint learning exercises were also 

analyzed by joint task (i.e. elbow and knee), regardless of e-learning tool, and compared 

to the baseline reaction time. The mean reaction time (mean ± SD) on the VOT while 

learning the knee joint was 919 ± 534 milliseconds, compared to the elbow joint, which 

was recorded as 1062 ± 513 milliseconds. A paired samples t-test between VOT reaction 

times during the baseline condition as well as during the knee and elbow joint learning 

exercises reveal significantly longer reaction times when participants were learning about 

the knee joint (t(12) = -3.37, p = 0.006) and elbow joint (t(12) = -4.44, p = 0.001) when 

compared to baseline.  However, no significant difference was detected between VOT 

reaction times when participants learned about the knee joint compared to elbow joint. 

 VOT Reaction Time (ms) 
(mean ± SD) 

Condition Day 1 Day 2 

Netter’s 3D  
Interactive + VOT 

1049 ± 588 
n = 6 

822 ± 349 
n = 7 

A.D.A.M. Interactive 
Anatomy + VOT 

1293 ± 680 
n = 7 

775 ± 260 
n = 6 
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Reaction times for the VOTs that were completed in tandem with a joint learning exercise 

were further broken down by day of use and joint (Table 2.3). An independent samples t-

test did not reveal any significant difference between elbow and knee visual observation 

task reaction times on Day 1, however, knee visual observation task reaction times were 

significantly shorter than the elbow reaction times on Day 2 (t(11) = 2.21, p = 0.049). 

When VOT reaction times were compared across days for a single joint, independent 

samples t-tests did not reveal any significant differences between elbow reaction times on 

Day 1 and Day 2 or knee reaction times on Day 1 or Day 2. 

 

 

Table 2.3: Visual Observation Task and Reaction Times Assessed by Joint 
Learning Exercise and Day of Use 

 

 

 

 

 

Independent t-tests were used to analyze the dual-task reaction times measured on Day 1 

and 2.  

 

aReaction times were significantly faster when studying the knee than when studying the 

elbow joint on Day 2 (p<0.05).  

 

Note that identical superscripts are significantly different. 

VOT, visual observation task. 

  

 VOT Reaction Time (ms) 
(mean ± SD) 

Condition Day 1 Day 2 

Elbow + VOT 
1094 ± 625 

n = 8 
1002 ± 335a 

n = 5 

Knee + VOT 
1319 ± 672 

n = 5 
674 ± 206a 

n = 8 
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2.3.4 Pre-Test, Post-Test, and Gain Scores Assessed by E-Learning 
Tool 

Mean anatomy pre-test scores, post-test scores and overall gain scores (mean ± SD) in the 

dual-task conditions, using Netter’s 3D Interactive Anatomy and A.D.A.M. Interactive 

Anatomy, irrespective of day were calculated (Table 2.4). A paired samples t-test 

revealed that post-test scores were significantly higher than pre-test scores after students 

used either of the e-learning tools (Netter’s 3D Interactive Anatomy: t(12) = -2.94, p = 

0.012 and A.D.A.M. Interactive Anatomy: t(12) = -6.23, p < 0.001). However, no 

significant difference was found between Netter’s 3D Interactive Anatomy and A.D.A.M. 

Interactive Anatomy pre-test scores, post-test scores or gain scores. 

 

Table 2.4: Pre-Test, Post-Test and Gain Scores Assessed by E-Learning 

Tool in Dual-Task Conditions (+Visual Observation Task) 

 

Paired samples t-tests were used to analyze the performance data. 

a,b Significant improvement on post-test scores was found when compared to respective 

pre-test scores (p < 0.05).  

All pre-tests and post-tests were out of 10 marks total; n = 13. Note that identical 

superscripts are significantly different.  

VOT, visual observation task. 

Condition Pre-Test Score Post-Test Score Gain Score 

Netter’s 3D Interactive 
Anatomy + VOT 

5.77 ± 3.32a 7.38 ± 2.40a 1.62 ± 1.98 

A.D.A.M. Interactive 
Anatomy + VOT 

6.15 ± 2.30b 8.00 ± 2.3b 1.85 ± 1.07 
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2.3.5 Assessing the Relationship Between Visual Observation Task 
Reaction Times and Post-Test Scores or Gain Scores 

The average VOT reaction time when performed in tandem with a joint learning exercise 

(mean ± SD), and regardless of e-learning tool, joint learning exercise or day of use, was 

990 ± 518 milliseconds. The average post-test scores and gain scores (mean ± SD), 

regardless of e-learning tool or joint learning exercise, were 7.69 ±2.33 and 1.73 ±1.56, 

respectively. When the average VOT reaction times of all participants were compared to 

their post-test scores, no relationship, by way of Pearson correlation, was detected. 

Similarly, when participant’s gain scores were compared with their average VOT reaction 

times, no relationship, by way of Pearson correlation, was detected. 

 

2.4 Discussion 

Dual-task paradigms have been suggested as a direct and objective tool to measure 

cognitive load differences between e-learning platforms (Brünken et al., 2003). To date 

no studies have employed this technique to assess cognitive load during commercial 

anatomical e-learning tool use (Kim and Rieh, 2005; Gwizdka, 2010). The aim of this 

study was to assess the effect of two commercial anatomical e-learning software designs 

(Netter’s 3D Interactive Anatomy and A.D.A.M. Interactive Anatomy) on learner 

cognitive load using a dual task paradigm. Using previous dual-task literature to guide 

design, we employed a simple color-change visual observation task (VOT) as a relative 

measure of the extraneous cognitive load induced by each e-learning tool (Brünken et al., 

2002; Kim and Rieh, 2005; DeLeeuw and Mayer, 2008; Knox et al., 2014). 

When software packages were compared, irrespective of joint, our dual-task paradigm 

(VOT reaction times and post-test scores) did not detect any significant difference in 

terms of cognitive load across e-learning tools. These results could indicate one of two 

possibilities, (1) A.D.A.M. Interactive Anatomy and Netter’s 3D Interactive Anatomy 

impose the same cognitive load on users, or (2) the dual task paradigm, as designed, is 

insensitive to the cognitive load differences across different e-learning tool interfaces. 

Previous research suggests that e-learning tools which enable structures to be studied 
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from multiple views, such as Netter’s 3D Interactive Anatomy, should produce an 

increase in extraneous cognitive load, particularly if a learner has a poor ability to 

mentally rotate structures in space (Garg et al., 1999; Levinson et al., 2007). Furthermore, 

e-learning tools that allow high navigational control (i.e. the ability to control a computer 

program independently) via extensive tool sets, as is the case with Netter’s 3D Interactive 

Anatomy, can confuse and disorient a learner (Dias et al., 1999; Khalil et al., 2005). High 

navigational control can produce high extraneous cognitive load caused by the additional 

time investment required to learn how to use the software, hampering user learning 

(Wong et al., 2003; Ardito et al., 2006; Levinson et al., 2007). Consequently, e-learning 

software packages that present key views of anatomical structures, instead of multiple 

views, and limit navigational control, as is the case with A.D.A.M. Interactive Anatomy, 

should theoretically impose a lower load on working memory resources, than tools such 

as Netter’s 3D Interactive Anatomy. Thus, VOT reaction times, when participants were 

using Netter’s 3D Interactive Anatomy, were expected to be longer than VOT reaction 

times when the same student used A.D.A.M. Interactive Anatomy. As an extension of 

this prediction, post-test scores, as well as gain scores should have been significantly 

lower when a joint was studied using Netter’s 3D Interactive Anatomy, compared to 

A.D.A.M. Interactive Anatomy. Given this, our results strongly suggest that the dual-task 

paradigm and the VOT used in the study were insensitive to the cognitive load 

differences across commercial anatomical e-learning tools.  

The unexpected results of this study revealed three key inconsistencies in the design 

parameters of a standard dual-task experiment, when applied to the study of cognitive 

load during anatomical e-learning tool use. Visual observation task suitability, 

performance task tradeoff and the nature of the primary learning task were identified as 

major drawbacks to the standard dual-task design. Interestingly, difficulties applying 

standard dual task designs have also been encountered in other areas of medical 

education (Knox et al., 2014). 

As mentioned above, VOT suitability in this study was brought into question when data 

analysis revealed that reaction times were notably, although not significantly, faster on 

Day 2 when compared to Day 1. This finding suggests that the VOT, as designed, did not 
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require consistent or effortful visual working memory processing throughout the 

experiment.  Instead, participant responses became automatized, that is, as exposure to 

the VOT progressed, negligible amounts of working memory resources were required for 

efficient performance on the VOT, even though it demanded significant resources 

initially (Fisk et al., 1986). Utilizing an inadequate VOT, as designed here, would most 

likely result in erroneous conclusions about the participant’s cognitive load during e-

learning tool use (Fisk et al., 1986; Goh et al., 2014). To prevent automization, 

observation tasks that require effortful processing in the working memory throughout the 

experiment should be utilized. We propose using a modified Stroop test (Stroop, 1935) in 

future experiments; this task requires participants to indicate, in either a verbal or in a 

tactile fashion, if a displayed word (red, blue green or yellow) is the same as the ink color 

(red, blue green or yellow) it is presented in, or different. Modified Stroop tests require 

more visual working memory resources than a simple color change because of the 

semantic processing involved in incongruent stimuli (i.e. when the word and color do not 

match). Moreover, this task offers 16 different stimuli (12 incongruent stimuli and 4 

congruent stimuli), instead of 2 (two different colored boxes) as was used previously. 

Increasing the number of novel stimuli and the inconsistency of congruent stimuli are key 

features that should be considered when developing a VOT where the cognitive load 

remains constant throughout the experiment (Fisk et al., 1986; MacLeod, 2005). An 

additional advantage of the modified Stroop test, unlike the color change task, is that 

participant practice does not impact performance over time (MacLeod, 1998). These 

factors make a modified Stroop test an ideal choice for an observational task within the 

dual-task paradigm (Gwizdka, 2010). Interestingly, in educational studies that used a 

dual-task paradigm to assess cognitive load levels, automization and practice effects were 

not discussed or referenced (Brünken et al., 2002; Kim and Rieh, 2005; DeLeeuw and 

Mayer, 2008). 

Beyond automization, subjects who participate in dual-task testing may also employ 

trade-off strategies while completing simultaneous tasks (Fisk et al., 1986; Abernathy, 

1988). This process, known as task performance tradeoff, increases the risk that 

participants will sacrifice primary learning task performance to improve performance on 

the VOTs, and ultimately deprives the primary learning task of the maximum working 
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memory resources required for task performance (Fisk et al., 1986). While faster VOT 

reaction times on Day 2 indicate that trade-off may have been transpiring, the standard 

dual-task methodological design as outlined in the literature prevented the researchers 

from determining the extent of the tradeoff. Under the logic of the dual-task paradigm, it 

is imperative that participants maintain maximum usage of working memory resources 

during the primary learning task performance, in order to correctly interpret VOT 

reaction times as sensitive measures of cognitive load (Fisk et al., 1986; Hegarty et al., 

2000). In order to detect task-performance tradeoff, primary learning task measures 

should be recorded while the primary learning task (or some similar form of the task) is 

completed in isolation, much like how VOTs are completed in isolation and used a 

baseline (Fisk et al., 1986; Brumby et al., 2007; Goh et al., 2014). This baseline 

performance measure of the primary learning task can then be compared to learning task 

performance in the dual task coonditions, enabling researchers to ensure equivalency of 

primary task performance during both single and dual-task conditions (Fisk et al., 1986). 

Furthermore, current educational and information sciences studies that use dual task 

neglect the importance of explicit participant instructions during testing sessions. Precise 

instructions on task priority should be given to participants in an effort to convey task 

precedence and avoid performance tradeoff (Levy and Pashler, 2001; Brumby et al., 

2007). 

The nature of the primary task, that is the inherent cognitive load of the primary task 

itself, is a topic that is often taken for granted during dual-task studies and is rarely 

discussed. Instead the focus lies mainly on the load imposed by the observation task 

(Brünken et al., 2003; Paas et al., 2003). Yet, poor gain scores in this study suggest that 

the anatomical learning objectives were too extensive and detailed, overloading the 

learner’s working memory resources in the absence of the VOT. This highlights an 

important consideration that should be taken into account during dual-task design. It is 

possible that by recording the learning measures of the primary joint task in isolation, 

such overload may be detected at the outset of the study, enabling researchers to modify 

their paradigm by reducing learning content.  
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2.4.1 Study Limitations 

As demonstrated throughout the discussion, the dual-task paradigm utilized in this study 

was not suitable for the author’s intended purposes. Beyond the paradigm itself, only a 

small number of subjects participated in this study and the majority were pursuing 

Masters of Sciences degrees. Further studies using a large number of naïve, 

undergraduate anatomy students may better elucidate the validity and generalizability of 

the proposed novel dual-task paradigm in anatomical education. 

 

2.5 Conclusions 

The results of this study suggest that the standard dual-task design, as described in 

literature, does not eliminate confounding variables, such as response automization, 

performance-task tradeoff or difficulty of the primary learning task, from influencing 

participants. Based on these results, the researchers propose the use of a novel dual-task 

paradigm to address these shortcomings. The authors suggest that future dual-task 

paradigms utilized to study the cognitive load of e-learning tools in anatomy should meet 

the following criteria: (1) the observation task should use enough working memory 

resources to affect performance on the learning task but still allow for close to normal 

performance, such as a modified Stroop test; (2) performance task measures should be 

studied while the task is performed in isolation as well as in tandem with an observation 

task, furthermore, explicit identical instructions regarding task priority should be given to 

every participant; 3) cognitive load requirements of the primary learning task should be 

investigated closely to ensure they do surpass the working memory resources of a novice 

learner. These modifications to the dual-task paradigm will be critical in ensuring the 

validity of this methodology in future educational studies investigating the cognitive load 

impact of anatomical e-learning software on students.  
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Chapter 3  

3 The Anatomy of E-Learning Tools: Does software 
usability influence learning outcomes? 

This chapter describes the development and testing of a novel dual-task paradigm, which 

was designed, in part, using the solutions identified in Chapter 2, to assess the effect of 

two commercial anatomical e-learning tools (Netter’s 3D Interactive Anatomy and 

A.D.A.M. Interactive Anatomy) on learner cognitive load and spatial ability.3  

 

3.1 Literature Review 

Competing interests and responsibilities of today’s learners have propelled the movement 

of post-secondary courses into the online environment, and in the anatomical sciences, e- 

learning tools have become a critical component of teaching the intricacies of the human 

body when classroom space and cadaveric resources are limited (Toynton, 2005; 

Burguillo, 2010; Dahlstrom, 2012). Yet, as e-learning tools gain popularity, questions 

remain: Does the design of an e-learning tool influence learning? For example, does a 

complex interface, which has high interactivity, benefit a learner more so than if they 

were to use a simplistic e-learning tool?  

In the sciences, and specifically anatomy, commercial e-learning tools feature interactive 

interfaces (2- or 3-dimensional) that offer numerous buttons and functions to virtually 

dissect a computer generated human. Given these highly variable interfaces, an important 

characteristic to consider when assessing the impact of e-learning tool design is a 

learner’s visuo-spatial ability. Visuo-spatial ability is defined as the ability to mentally 

manipulate an object and its spatial relationships and perform a mental transformation of 

that representation (Carpenter and Just, 1986; Mayer and Sims, 1994; Luursema et al., 

                                                 

3
 A version of this chapter has been published in the journal Anatomical Sciences Education. For the 

permission approval notice from the publisher see Appendix B. 
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2006). In anatomy, visuo-spatial ability can be further classified as the ability to mentally 

manipulate the three-dimensional properties of different anatomical structures and their 

spatial relationships in the human body. Previous studies have demonstrated a significant, 

positive correlation between anatomy learning and visuo-spatial ability (Rochford, 1985; 

Garg et al., 1999a; 1999b). However, what is unknown is the extent to which learning 

from an e-learning tool is impacted by a student’s spatial ability and if that learning is 

differentially influenced by spatial ability based on the e-learning tool interface (e.g. 

complex versus simplistic). 

To understand how the different designs of e-learning interfaces impact learning, it is 

necessary to address the theory of cognitive load. Cognitive load theory (CLT) is used by 

educational researchers to inform instructional design with the goal of modulating the 

cognitive load placed on a student’s working memory during e-learning software use. 

Since humans have limited working memory resources, which can simultaneously 

process 3-4 chunks of information at a time, learning situations that present more 

information than the working memory resources can process have been shown to disrupt 

learning (Miller 1956; Sweller et al., 1998; Cowan, 2001; Mayer, 2002; Baddeley, 2003; 

Lahtinen et al., 2007; DeLeeuw and Mayer, 2008). Under the CLT definition of learning, 

only information that is successfully processed by the working memory is integrated into 

schemas in the learner’s long-term memory. Thus if e-learning interfaces require a 

learner to search for information or press numerous buttons to uncover information 

required for task completion, the learner uses their limited working memory-resources to 

process material that is not essential (Anderson, 1987; van Merriënboer and Sweller, 

2010). As a result, fewer cognitive resources will be available to attend to and process the 

domain-specific knowledge being learned (Anderson, 1987; Mayer and Sims, 1994; 

Mayer, 2008; van Merriënboer and Sweller, 2010). 

The benefits and challenges of using dual-task paradigms in order to objectively and 

quantifiably assess cognitive load have been discussed in Chapters 1 and 2. In summary, 

tasks that share the same working memory resources (e.g., if the tasks must be interpreted 

visually) and are performed concurrently can interfere with each other; that is, if two 

tasks are being performed simultaneously, then there is less processing capacity (i.e., 
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fewer working memory resources) available for each individual task than there would be 

if each task was completed in isolation (Pashler, 1994). Theory would predict that 

performance on the concurrently running tasks would be impaired in comparison with 

performance when said tasks are completed in isolation (Stroop, 1935; Pashler, 1994). If 

the primary learning task (i.e. learning the anatomy of a specific joint) and the cognitive 

resources it requires are held constant, dual-task conditions that use dissimilar e-learning 

tools (i.e. tools with different interfaces) should, in theory, provide a measure of the 

cognitive load associated with the design of each software package. To examine this 

theoretical dogma, learning and observation task performance variables (e.g., knowledge 

acquisition scores, observation task reaction time and error rate, etc.) are compared across 

single-task and dual-task conditions. Through the extension of Kerr’s (1973) reasoning 

and in consideration of the capacity sharing model of dual-task interference, reaction 

times should theoretically be slower or more inaccurate when the observation task is 

performed simultaneously with the cognitively demanding e-learning tool interface than 

compared with when the observation task is performed in isolation, or in combination 

with a less cognitively demanding e-learning tool (Posner and Boies, 1971; Pashler, 

1994; Brünken et al., 2003; de Jong, 2010).  

Dual-task has been empirically shown to be a suitable approach for evaluating cognitive 

load during library system/Web searches and multimedia learning in the subject areas of 

mathematics, physiology, and arts and culture (Brünken et al., 2002, 2003; Kim and Rieh, 

2005; Oviatt, 2006; DeLeeuw and Mayer, 2008; Gwizdka and Lopatovska, 2009). 

However, no studies to date, with the exception of our previous work (Chapter 2), have 

attempted to use this technique to assess cognitive load during educational, commercial 

anatomical e-learning tool use. 
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3.1.1 Objectives 

Based on our findings outlined in Chapter 2, the study presented here utilized a novel 

dual task methodology, corrected to address confounding variables identified in Study I, 

to re-examine two commercial anatomical e-learning tools. Specifically, the objective of 

Study II was to use a dual-task paradigm with a modified Stroop test, simplified 

anatomical concepts and two single-task conditions to examine two commercial 

anatomical e-learning tools (Netter’s 3D Interactive Anatomy and A.D.A.M. Interactive 

Anatomy) to determine the effect of their design on learner cognitive load during two 

joint learning exercises (elbow and knee). We hypothesized that longer reaction times on 

a visual observation task would be associated with the more complex anatomical software 

(Netter’s 3D Interactive Anatomy), which would indicate a higher cognitive load 

imposed by the anatomy software and interfere with learning, thus resulting in lower 

post-test scores. 

 

3.2 Methodology 

The research protocol was approved by the Office of Research Ethics at The University 

of Western Ontario, Canada (Appendix E). 

 

3.2.1 Participants and Recruitment 

All students in the Fall 2014 undergraduate anatomy course Systemic Human Anatomy 

(ANATCELL3319) at The University of Western Ontario were eligible to participate in 

the study. Of those students in the course 25.49% consented to participate (n = 78). 

Students were recruited through an in-class announcements and e-mails from the first 

author. In accord with The University of Western Ontario Research Ethics Board, the 

first author had no relationship with the students and was not associated with the course. 
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3.2.2 Systemic Human Anatomy Course Description 

The course from which participants were recruited in this study, Systemic Human 

Anatomy, is a full credit, third year undergraduate course offered by the Department of 

Anatomy and Cell Biology at The University of Western Ontario, Canada. It is comprised 

of biweekly, 50-minute didactic lectures (50 hours total) in conjunction with a weekly 

one-hour laboratory demonstration (23 hours total) over a 26-week period. The first 13 

weeks of the course covers the central and peripheral nervous systems, special senses and 

the musculoskeletal system of the head and thorax. The second 13 weeks covers the 

musculoskeletal system of the upper and lower limbs as well as the circulatory, 

respiratory, digestive, urinary and reproductive systems. This course is offered in a face-

to-face (F2F) and online format. Every didactic lecture is streamed live and then archived 

using Blackboard Collaborate 12 for use by both the online and F2F students (Blackboard 

Inc., Washington, DC). The audio/video equipment required for simultaneous delivery of 

F2F lectures using BBC has been previously described by Barbeau et al. (2013). 

Additionally, a description of the development and delivery of the online anatomy 

laboratories has been detailed by Attardi and Rogers (2015).  

Students who participated in the study did so in the final week of the first half of the 

course. At the time of testing, participants had not yet received a formal lecture on the 

joints (wrist, elbow, and knee) used in this study, however, participants had received a 

formal lecture on anatomical terminology (e.g. anterior, posterior, supination, pronation 

etc.). Participants can be considered to have a low-level of experience in anatomy, and 

thus possess a small amount of domain-specific knowledge (Mayer and Sims, 1994).   

 

3.2.3 Experimental Design Overview 

Participants were asked to complete two pre-test measures, inclusive of a demographic 

questionnaire and a mental rotations test (MRT). The demographic questionnaire asked 

participants to declare if they had used anatomy e-learning tools in the past, and if so, 

which products. The revised Vandenberg & Kuse Mental Rotations Test-A (MRT) was 



65 

 

administered to participants as a measure of spatial ability prior to the study (Peters et al., 

1995; Fig. 3.1).  

 

 

 

 

Figure 3.1: An example from the Mental Rotations Test. 

Each of the 24 MRT items redesigned by Peters et al. (1995) were presented individually 

on a computer screen and participants were given 6 minutes to answer as many questions 

as possible. One point was awarded per question if both choice figures that matched the 

target image were identified correctly, thus the maximum score obtainable on the MRT 

was 24.  

 

To assess the cognitive load that each e-learning tool’s design (A.D.A.M. Interactive 

Anatomy and Netter’s 3D Interactive Anatomy; Figure 2.1) placed on the learner, 

participants were involved in four separate testing conditions, including two single-task 

conditions, where a visual observation task (VOT) and then a joint learning task were 

completed in isolation, followed by two dual-task conditions, where a VOT and a joint 

learning task were completed simultaneously (Table 3.1). In both dual task conditions 

participants were randomly assigned to explore the anatomy of two joints, the elbow and 

the knee, using two dissimilar e-learning tools.  
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Table 3.1: E-Learning Tool and Joint Learning Exercise 

 

Each participant in this study completes Conditions 1 through 4. In both dual task 

conditions participants are randomly assigned to explore the anatomy of two joints 

(elbow and knee) using two different learning methods (A.D.A.M. Interactive Anatomy 

and Netter’s 3D Interactive Anatomy). Due to this cross over design Conditions 3 and 4 

vary depending on the participant.  

 

VOT, visual observation task. 

  

 

3.2.4 Experimental Station Design 

The research station used in this study consisted of a 15.6-inch Lenovo laptop (ThinkPad 

E531, Lenovo, Morrisville, NC; Monitor 1) with Intel dual-core processor running 

Windows 7 (Microsoft Corp., Redmond, WA) connected to an external mouse. The 

laptop was used to display all pre-tests and post-tests in addition to the e-learning tools. A 

26-inch LG Flatron Wide monitor (LG Electronics Inc., Seoul, Korea; Monitor 2) was 

placed directly behind the 15.6-inch Lenovo laptop and was connected to a second 

Lenovo laptop which was used to run E-Prime 2.0 Professional (Psychology Software 

Tools, Inc., Sharpsburg, PA) in the background while the external monitor (e.g. Monitor 

2) was used to display the VOT to participants (Fig. 3.2). 

  

Participant 

Condition 1: 

VOT in isolation 

Condition 2: 

Wrist learning 
task in isolation 

Condition 3: 

E-learning tool and joint 
learning exercise 

Condition 4: 

E-learning tool and joint 
learning exercise 

1 ✓ ✓ 
Elbow in A.D.A.M. 

Interactive Anatomy 
Knee in Netter’s 3D 
Interactive Anatomy 

2 ✓ ✓ 
Knee in A.D.A.M. 

Interactive Anatomy 
Elbow in Netter’s 3D 
Interactive Anatomy 

3 ✓ ✓ 
Elbow in Netter’s 3D 
Interactive Anatomy 

Knee in A.D.A.M. 
Interactive Anatomy 

4 ✓ ✓ 
Knee in Netter’s 3D 
Interactive Anatomy 

Elbow in A.D.A.M. 
Interactive Anatomy 
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Figure 3.2: Revised design of dual-task experimental station. 

During the visual observation task (VOT) in isolation (Condition 1), participants 

responded to a modified Stroop test that appeared on Monitor 2, no images were shown 

on Monitor 1 during this time. In the single-task condition where the a learning task about 

the wrist was completed in isolation (Condition 2), an image was displayed on the 

Monitor 1 and no images were shown on Monitor 2 positioned behind. In the dual-task 

testing (Conditions 3 and 4), where participants completed both a visual observation task 

and joint learning exercise in tandem, the visual observation task was displayed on 

Monitor 2, while, at the same time, the assigned e-learning tool was displayed on Monitor 

1. 

  

									
		

blue Monitor 2

Monitor 1

Laptop operating
E-Prime®
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3.2.5 Condition 1: Visual Observational Task in Isolation (Single-Task 
Condition) 

The VOT single-task condition was used to estimate participants’ average response times 

when 100% of their visual working memory resources were available. The VOT used in 

this study was a modified Stroop test. Based on the classic color-naming test (Stroop, 

1935), a modified Stroop test is a simplified paradigm that makes the test less cognitively 

demanding and a better fit as a ‘probe’ task (i.e. observation task) under the dual-task 

paradigm (Chapter 2; Van Nuland and Rogers, 2016). In this study, the Stroop test was 

modified to its simplest form, in which participants were asked to respond to color word 

(red, blue, green or yellow) that appeared on Monitor 2 (Fig. 3.2). The color word 

appeared in lower case and was shown in one of four ink colors (red, blue, green or 

yellow; Fig. 3.3). E-Prime 2.0 Professional was used to program the image changes and 

record the time lapse between each image change and participant response. 

Participants were introduced to the VOT during a practice round to ensure that they were 

acclimatized to the display set-up and response characteristics of the task (MacLeod, 

1998; 2005). The relative robusticity of Stroop test in the face of practice indicates that 

familiarity with the task is less likely to impact the total cognitive processing load 

invested in the VOT over time (Brünken et al., 2002; Kim and Rieh, 2005; MacLeod, 

1998; 2005; DeLeeuw and Mayer, 2008). Following the practice round, which consisted 

of 8 modified Stroop stimuli, participants were exposed to 10 additional modified Stroop 

stimuli (50% congruent stimuli and 50% incongruent stimuli), which were used to 

establish a stable recording of participant’s baseline reaction times on the VOT. Equal 

proportions of congruent and incongruent stimuli were utilized for all VOTs, as is 

common in cognitive research (MacLeod, 2005). Each participant’s average baseline 

reaction time was then compared to their reaction time on the VOT during the dual-task 

testing conditions (Conditions 3 and 4). Since participants must then divide working 

memory resources between these two tasks, cognitive load theory predicts that reaction 

times on the VOT should be slower when cognitive load imposed by the learning tool is 

higher (Posner and Boies, 1971; Kerr, 1973). 
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A visual stimulus, instead of an auditory stimulus, was chosen for this study because its 

optical nature makes it ideal to estimate the impact of a visually based e-learning tool on 

the resources of the visual subsystem of the working memory (Fisk et al., 1986; Brünken 

et al., 2002; Kim and Rieh, 2005; DeLeeuw and Mayer, 2008). In regards to the VOT, the 

use of a modified, rather than a classic Stroop test was intentional as research indicates 

that the modified version requires fewer cognitive resources than its classical counterpart, 

therefore reducing the risk that it will impact learning task performance artificially (Kerr, 

1973; Brünken et al., 2003; for further discussion on VOT design see Section 2.4).  

 

 

 

 

 

 
Figure 3.3: Examples of modified Stroop test stimuli. 

Participants were asked to press the up arrow if the ink color was the same as the word, 

known as a congruent stimulus, or the down arrow if the ink color is different from the 

word, known as an incongruent stimulus. Each image was presented for 5-9 seconds and 

was followed by a blank interval of 15-29 seconds. Research has suggested that such a 

range would be short enough for a primary (learning) task to affect performance on the 

VOT but still allow for close to normal performance during the learning task (Wastlund 

et al., 2008; Gwizdka, 2010).   
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3.2.6 Condition 2: Joint Learning Task in Isolation (Single-Task 
Condition) 

Following completion of the VOT in isolation (Condition 1), participants were asked to 

complete a second single-task condition involving learning the anatomical structure of 

the bony wrist joint. Prior to the start of this learning task, participants were given 10-

minutes to complete 10 multiple-choice questions, each with its own cadaveric image, to 

assess their baseline level of anatomical knowledge of the wrist joint. Questions were 

related to identification of the carpal bones and whether it was an anterior or posterior 

view of the wrist joint. To ensure the quality and scope of the questions utilized in this 

study, a qualified anatomist, unrelated to the study, validated the questions used to assess 

participant knowledge of the bony wrist.  

Once the baseline was established, participants were given the opportunity to learn the 

anatomy of the bony wrist joint and were provided with an instruction page that detailed 

the two objectives of the wrist exercise: (1) Identify bones of the wrist, known as the 

carpal bones (of which there are 8), in both the anterior and posterior view; and (2) 

Distinguish between an anterior versus a posterior view of the joint (Appendix F). 

Participants were presented with a labeled, static 2-dimensional textbook image of the 

bony wrist joint on Monitor 1 (Fig. 3.2), which they were permitted to study for 12-

minutes. The textbook image showed a palmar and dorsal view the bony hand with all 

carpal bones labeled accordingly.   

Upon completion of the wrist learning exercise, participants were asked to complete a 

one-minute math worksheet containing addition/subtraction problems consistent with a 

Grade 5 math level. The math sheet was designed to erase memorized information held in 

the learner’s short-term memory (working memory) (Fisk et al., 1986). Participants then 

completed a post-knowledge test to assess how studying from a static 2-dimensional 

image impacted their anatomical knowledge of the bony wrist. The 10-minute post-

knowledge quiz was based on the same questions as the anatomical knowledge baseline 

quiz, however, the questions were presented in a scrambled format.  
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3.2.7 Conditions 3 and 4: Visual Observation Task and Joint Learning 
Exercise Combined (Dual-Task Condition) 

The final testing conditions involved the completion of a joint learning task and a visual 

observation task simultaneously using a dual task paradigm (Fig. 3.2). Participants were 

randomly assigned to explore both the elbow and knee joints, using different commercial 

e-learning software packages (Table 3.1). Participants studied the first joint using one e-

learning tool during the first dual-task condition and the second joint and e-learning tool 

during the following dual-task condition. The elbow and knee joints were chosen because 

they are both complex hinge joints with unique ligaments. The knee is arguably the more 

complex hinge joint, however, it is more commonly understood by students prior to their 

exposure to a formal anatomy course.  

Prior to the beginning of each dual task condition, participants were asked to complete a 

multiple choice baseline anatomy knowledge test based on the respective joint they were 

to learn about. Each baseline test consisted of 10 questions, each associated with a 

cadaveric picture, and was designed to assess their level of anatomical knowledge of the 

elbow or knee joint prior to e-learning tool exposure. Questions related to the 

identification of articulating bones at each joint, associated bony landmarks and whether 

the joint originated from the left or right side of the body (Appendix G and H). Again, to 

ensure the quality and scope of the questions utilized in this study, a qualified anatomist, 

unrelated to the study, validated the questions used to assess the bony elbow and knee.  

Following each baseline knowledge test, participants were given the opportunity to learn 

about a joint from a pre-assigned e-learning tool (Table 3.1). Participants were provided 

with an instruction page that briefly outlined how to manipulate the basic functions of the 

e-learning tool and included three guiding objectives: (1) Identify the bones that articulate 

at the (elbow or knee) joint; (2) Identify which side (left or right) a joint originates from; 

and (3) Identify the bony landmarks on the bones immediately surrounding the (elbow or 

knee) joint. Using dual-task parameters proposed in our previous study (Chapter 2; Van 

Nuland and Rogers, 2016), participants were given 12 minutes to explore their pre-

assigned joint (elbow or knee) using the e-learning tool. At the same time, participants 

were also asked to respond to the VOT described above (Fig. 3.2).  
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Upon completion of each combined dual-task exercise, participants were asked to 

complete another 1-minute math worksheet followed by a scrambled version of 

knowledge questions administered during the baseline test, however, only questions 

relevant to the joint the participant just learned were displayed. Again, participants were 

given 10 minutes to complete the post-test questions in order to assess how studying from 

a different e-learning tool impacted a user’s anatomical knowledge of the knee and elbow 

joint. This sequence was repeated for the second dual task condition, which involved the 

remaining joint and the second e-learning tool (e.g. if, during the first dual-task condition, 

a student studied the elbow joint using A.D.A.M. Interactive Anatomy, then they would 

study the knee joint using Netter’s 3D Interactive Anatomy; Table 3.1). 

Under the theories of cognitive load and dual-task research, if an e-learning tool imposes 

a higher extraneous cognitive load on a learner (i.e. if it has a confusing menu bar and/or 

unclear buttons), said learner will have fewer working memory resources to devote to: (1) 

the content within the learning tool; and, (2) the VOT task in the background. Thus, 

learners who are exposed to an e-learning tool that imposes high cognitive load will have 

low performance scores and slower reaction times, than when the same learner used a 

simple e-learning tool that imposed a low cognitive load (Fig. 2.3).  

 

3.2.8 Analysis 

Participant VOT reaction times in the single-task condition were averaged and compared 

to reaction times when the VOT was paired with a joint learning task in the dual-task 

condition. The reaction times gather during the single-task and dual-task conditions were 

compared by e-learning tool (A.D.A.M. Interactive Anatomy or Netter’s 3D Interactive 

Anatomy), joint learning exercise (knee or elbow) and by dual-task condition (first dual-

task or second dual-task condition) using one-way repeated measures ANOVAs. 

Reaction times were also compared by joint learning task and e-learning tool using 

independent t-tests.  



73 

 

Participant pre-test and post-test scores, as well as gain scores, were also compared by e-

learning tool, joint learning exercise, and by dual-task condition using one-way repeated 

measures ANOVAs. Performance scores were also compared to participant’s spatial 

ability scores using linear regression analysis.  

 

3.2.9 Exclusion Criteria 

Participants were excluded from analysis if: 1) they failed to complete all tests, 2) they 

self-identified as color blind or 3) if their performance on the visual observation task was 

more than two standard deviations away from the mean.  

 

3.3 Results 

 

3.3.1 Demographics 

Of the 78 Systemic Human Anatomy students who participated in the study, 70 

individuals had usable data sets that passed the exclusion criteria (n = 70, M to F 30:40, 

mean age = 21.5 years). Of those who participated, 64.3% were third year undergraduate 

students, 32.9% were fourth year undergraduate students while 2 participants chose not to 

declare their standing. Approximately 55.7% of the participants were registered in the 

online portion of the Systemic Human Anatomy course, while the remaining students 

were registered in the face-to-face section. No participant involved in the study had 

received formal anatomy lectures on the joints tested in this study. Sample sizes were 

determined  

When participants were asked about past e-learning tool use, 48.6% indicated they had 

not used e-learning tools in the past, however, 45.7% indicated they had (4 students either 

could not remember or did not answer). Of those participants that had utilized e-learning 

tools in the past, 71.9% reported having used Netter’s 3D Interactive Anatomy to study 

anatomy. This was not surprising, as those students enrolled in the online section of the 
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course had been using Netter’s 3D Interactive Anatomy as part of their online laboratory 

experience. Approximately 19 % of participants reported having used other anatomy e-

learning tools including Anatomy TV (Primal Pictures), Anatomy One and Visible Body. 

The remaining 9.3% of those participants that had used e-learning tool in the past could 

not remember which anatomical e-learning tools they had used. When participants were 

questioned about their comfort level with computer technology, 47.1% indicated they 

were somewhat comfortable while the majority (52.9%) indicated that they were 

extremely comfortable. 

 

3.3.2 Visual Observation Task Reaction Times Assessed by E-
Learning Tool 

In the visual observation single-task condition, where the VOT was completed in 

isolation (VOT baseline; Condition 1), the mean reaction time (mean ±SD) across all 

participants (n = 70) was 875 ±210 milliseconds. Mean VOT reaction times in the dual-

task condition were virtually identical when participants used Netter’s 3D Interactive 

Anatomy (1518 ±356 milliseconds) or A.D.A.M. Interactive Anatomy (1530 ±414 

milliseconds). A one-way repeated measures ANOVA with a Greenhouse-Geisser 

correction determined that VOT reactions times were significantly slower for each e-

learning tool compared to baseline values (F(1.83, 126.53) = 163.37, p < 0.001).  

 

3.3.3 Visual  Observation  Task  Reaction  Times  Assessed  by  
Joint Learning Task               

Using a one-way repeated measures ANOVA, VOT baseline values were also compared 

to dual-task VOT reaction times (mean ±SD) when participants learned the elbow joint 

(1540 ±424 milliseconds) and knee joint (1507 ±343 milliseconds). Again, while reaction 

times for each joint were significantly slower than baseline values (F(2, 138) = 164.32, p 

< 0.001), there was no significant difference between elbow and knee VOT reaction 

times. When reaction times were compared by dual-task condition (Conditions 3 and 4), 

similar results were found. Baseline reaction times were significantly faster than reaction 
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times in both dual-task conditions, however, when the dual-task conditions were 

compared to each other, no significant difference was found (data not shown). 

 

3.3.4 Visual Observation Reaction Times Assessed by Joint Learning 
Task and E-Learning Tool 

Dual-task VOT reaction times were further broken down by joint learning task and e-

learning tool (Table 3.2). No significant differences were found between VOT reaction 

times when the elbow and knee was studied within Netter’s 3D Interactive Anatomy or 

A.D.A.M. Interactive Anatomy.  

 

Table 3.2: Visual Observation Task Reaction Times Assessed by Joint 
Learning Exercise and E-Learning Tool 

 

Joint Learning Task Condition 
Number of 

Participants 

VOT Reaction Time (ms) 

(mean ±SD) 

Elbow 
Netter’s 3D Interactive 

Anatomy 
38 1533 ± 382 

 A.D.A.M. Interactive 
Anatomy 

32 1550 ± 475 

Knee 
Netter’s 3D Interactive 

Anatomy 
32 1500 ± 328 

 
A.D.A.M. Interactive 

Anatomy 
38 1513 ± 360 

 

Independent t-tests were used to analyze the dual-task reaction times in Conditions 3 and 

4. 

No significant differences were found.  

VOT, visual observation task. 

  



76 

 

3.3.5 Baseline, Post-Test, and Gain Scores Assessed by E-Learning 
Tool 

Baseline, post-test and overall gain scores (mean ±SD) were compared when students 

used a 2-dimensional textbook image, Netter’s 3D Interactive Anatomy and A.D.A.M. 

Interactive Anatomy to study and no significant differences were found (Table 3.3). 

When baseline, post-test and gain scores were compared by single and dual-task 

conditions (i.e. Conditions 2, 3 and 4), again no significant differences were found 

between related anatomical assessment scores (data not shown). 

 

 

Table 3.3: Pre-Test, Post-Test and Gain Scores Assessed by E-Learning 
Tool (+ Visual Observation Task) 

 

A one-way repeated measures ANOVAs with a Greenhouse-Geisser was used to analyze 

performance data. 

No significant differences were found; n = 70. All pre-tests and post-tests were out of 10 

marks total. 

VOT, visual observation task. 

 

 

Condition 
Baseline Score 

(mean ±SD) 
Post-Test Score 

(mean ±SD) 
Gain Scores  
(mean ±SD) 

2-D Textbook Image 3.10 ± 2.21 7.67 ± 2.14 4.57 ± 2.86 

Netter’s 3D Interactive 
Anatomy + VOT 

3.19 ± 2.33 7.80 ± 1.81 4.61 ± 2.89 

A.D.A.M. Interactive 
Anatomy + VOT 

3.20 ± 2.24 7.86 ± 1.86 4.66 ± 2.51 
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3.3.6 Baseline,  Post-Test,  and  Gain  Scores  Assessed  by  Joint  
Learning  Exercise 

Baseline, post-test and gain scores were also analyzed by joint learning task (e.g. wrist, 

elbow and knee), regardless of e-learning tool (Table 3.4). A one-way repeated measures 

ANOVA with a Greenhouse-Geisser correction indicated a significant difference between 

joint learning exercise pre-test scores (F(1.79, 123.49) = 16.15, p < 0.001), with knee pre-

test scores significantly higher than the wrist and elbow (p ≤ 0.001; post hoc test with 

Bonferroni correction).  No significant difference was found between wrist, knee and 

elbow post-test scores, however, there was a significant difference between joint learning 

exercise gain scores (F(1.57, 108.42) =  14.05, p < 0.001), with higher differences seen 

with the wrist and elbow than the knee (post hoc with Bonferroni corrections; p = 0.011 

and p < 0.001, respectively). However, no significant difference was found between wrist 

and elbow gain scores. 
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Table 3.4: Pre-Test, Post-Test, and Gain Score Assessed by Joint Learning 
Task (+ Visual Observation Task) 
 

 

 

 

 

 

One-way repeated measures ANOVAs with Greenhouse-Geisser and Bonferroni 

corrections were used to analyze performance data.  

a,bBaseline Test Scores: Knee baseline scores were found to be significantly higher than 

wrist and elbow baseline scores (a: p = 0.001; b: p < 0.001). 

c,d Gain Scores: Knee gain scores were found to be significantly lower than wrist and 

elbow gain scores (c: p = 0.011; d: p < 0.001).  

All pre-tests and post-tests were out of 10 marks total. Note that identical superscripts are 

significantly different; n = 70. 

VOT, visual observation task. 

 

3.3.7 Baseline, Post-Test and Gain Scores Assessed by Joint 
Learning Task and E-Learning Tool 

Post-test scores were found to be significantly higher when students used Netter’s 3D 

Interactive Anatomy to study the elbow joint than when they used the same tool to study 

the knee joint (t(64.71) = -2.35, p = 0.022; Table 3.5). However, no such difference was 

found when looking at the joints studied using A.D.A.M. Interactive Anatomy. Gain 

scores were also significantly higher when students studied the elbow joint using Netter’s 

Condition 
Baseline Score 

(mean ±SD) 
Post-Test Score 

(mean ±SD) 
Gain Scores 
(mean ±SD) 

Wrist 3.10 ± 2.21a 7.67 ± 2.14 4.57 ± 2.86c 

Elbow 
+ VOT 

2.43 ± 1.70b 8.23 ± 1.93 5.80 ± 2.70d 

Knee 
+ VOT 

3.96 ± 2.53a,b 7.43 ± 1.63 3.47 ± 2.15c,d 
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3D Interactive Anatomy than when they studied the knee using the same tool (t(66.65) = -

4.22, p < 0.001; Table 3.5). A similar pattern was also observed for A.D.A.M Interactive 

Anatomy gain scores, with elbow gain scores being significantly higher than knee gain 

scores (t(68) = -3.88, p < 0.001; Table 3.5). However, no significant difference, by way 

of independent samples t-tests, was found between e-learning tools. 

 

Table 3.5: Baseline, Post-Test and Gain Scores Assessed by Joint Learning 
Task and E-Learning Tool. 

 

Independent samples t-tests were used to analyze performance data.  

aPost-Test Scores: Values with identical superscripts were significantly different (p = 

0.022). 

b,cGain Scores: Values with identical superscripts were found to be significantly different 

(p < 0.001)   

 

 

 

3.3.8 Mental Rotations Test Scores versus Post-Test Scores 
Assessed by E-Learning Tool and Joint 

The mean mental rotations test (MRT) score (±SD) across all participants was 9.84 

±4.17. No significant difference between genders was detected by means of a student t-

test (female MRT score: 10.30 ±4.08, male MRT score: 9.23 ±4.27). When mental 

rotations test scores were plotted against A.D.A.M. Interactive Anatomy and Netter’s 3D 

Joint 
Learning 
Task Condition 

Number of 
Participants 

Baseline Test 
Score 

(mean ±SD) 

Post-Test 
Score 

(mean ±SD) 
Gain Score 
(mean ±SD) 

Elbow 
Netter’s 3D Interactive 

Anatomy 
38 2.44 ± 1.97 8.24 ± 2.03a 5.79 ± 2.94b 

 
A.D.A.M. Interactive 

Anatomy 
32 2.41 ± 1.34 8.22 ± 1.84 5.81 ± 2.41c 

Knee 
Netter’s 3D Interactive 

Anatomy 
32 4.06 ± 2.45 7.28 ± 1.35a 3.22 ± 2.14b 

 A.D.A.M. Interactive 
Anatomy 

38 3.87 ± 2.62 7.55 ± 1.84 3.68 ± 2.17c 
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Interactive Anatomy post-test scores, linear regression analysis established that, while 

MRT scores did not significantly predict A.D.A.M. Interactive Anatomy post-test scores 

(Fig. 3.4A), they did predict Netter’s 3D Interactive Anatomy post-test scores (F(1,68) = 

7.81, p = 0.007), with an R2 of 0.103 (Fig. 3.4B). When Netter’s 3D Interactive Anatomy 

post-test scores were separated by joint and assessed using linear regression, the 

correlational significance was isolated to the elbow joint only, (F(1,35) = 4.90, p = 

0.034), with an R2 of 0.123. No such correlation was found when Netter’s 3D Interactive 

Anatomy knee post-test scores were compared to participant spatial ability.  When 

A.D.A.M. Interactive Anatomy post-test scores were separated by joint, linear regression 

established that MRT scores did not significantly predict specific joint post-test 

outcomes. 
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Figure 3.4: Correlation between participant mental rotation test scores and 
post-test scores according to e-learning tool. 

Participant mental rotation test (MRT) scores were compared with their post-test 

performance scores when they learned using A.D.A.M. Interactive Anatomy (A) and 

Netter’s 3D Interactive Anatomy (B). Post-test scores following Netter’s 3D Interactive 

Anatomy utilization were significantly and positively correlated with a student’s spatial 

ability, as determined by the MRT (p = 0.007). All pre-tests and post-tests were out of 10 

marks total; n = 70.  
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3.4 Discussion 

Dual-task paradigms have been used in previous studies to evaluate cognitive load 

differences between learning interfaces in web searches as well as physiology and 

cultural learning platforms (Brünken et al., 2002; 2003; Kim and Rieh, 2005). The aim of 

this study was to examine two commercial anatomical e-learning tools (Netter’s 3D 

Interactive Anatomy and A.D.A.M. Interactive Anatomy) to determine the effect of their 

design on learner cognitive load during two joint learning exercises (elbow and knee), 

using a novel dual-task paradigm design, described by Van Nuland and Rogers (2016; 

Chapter 2). We hypothesized that the design of the Netter’s 3D Interactive Anatomy 

interface would impose higher cognitive load than the A.D.A.M. Interactive Anatomy 

interface, thus resulting in longer VOT reaction times and lower post-test scores. 

The methodology utilized in this study was designed to limit three important confounding 

variables including response automation of the visual observation task, task performance 

tradeoff during the dual-task conditions and the inherent cognitive load of the learning 

task itself. The assessment of the reaction times on the visual observation task (VOT) 

demonstrated no significant difference between first or second dual-task conditions. This 

suggests that the VOT required consistent and effortful processing in the working 

memory throughout the experiment, reducing response automation to negligible levels 

and improving the quality of the dual-task paradigm (Fisk et al., 1986; MacLeod, 2005). 

Furthermore, this novel paradigm was designed to detect task performance trade-off, a 

process through which participants sacrifice learning task performance in order to 

improve their performance on the VOT (Fisk et al., 1986). The pre-test, post-test and gain 

scores of the single-task learning condition involving the wrist were not significantly 

different from the pre-test, post-test or gain scores of the dual-task conditions, suggesting 

that the cognitive processing load invested for learning during both the single and dual-

task conditions was equivalent (Fisk et al., 1986). In other words, participants maintained 

a consistent usage of working memory resources during each learning task across all 

conditions, suggesting that no performance trade-off occurred enabling VOT reaction 

times to be interpreted as a sensitive measure of cognitive load (Fisk et al., 1986; Hegarty 

et al., 2000).  
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Using this novel dual-task design, we investigated cognitive load during learner 

interactions with two commercial anatomical e-learning tools, Netter’s 3D Interactive 

Anatomy and A.D.A.M. Interactive Anatomy, through the usage of a VOT.  Not 

surprisingly, when learners performed the VOT simultaneously with a learning task, 

reaction times were significantly slower than when the VOT was completed in isolation. 

These results, which are consistent with previous dual-task studies using visual 

observation tasks, suggest that the learning task and VOT use the same working memory 

resources and that the VOT is a sensitive measure of cognitive load during processing of 

the joint learning task (Brünken et al., 2002).  

Confirming the sensitivity of the VOT, reactions times during Netter’s 3D Interactive 

Anatomy and A.D.A.M. Interactive Anatomy usage were then compared. Cognitive load 

theory indicates that e-learning tools which contain animations may impose extraneous 

cognitive load on the student since animations only provide transient information, 

meaning that once the animation has advanced beyond a specific frame, that frame is no 

longer available to the viewer and must be mentally reconstructed (Chandler and Sweller, 

1991; Hegarty, 2004). Numerous studies have shown that multiple views of an animated 

structure in a 2-dimensional environment do not provide an instructional or performance 

advantage over that of key views represented by static images (Garg et al., 1999a; 1999b; 

Jain and Getis, 2003; Levinson, 2007; Vogel-Walcutt et al., 2010). Furthermore, research 

suggests systems with high interactivity may increase extraneous cognitive load levels in 

novice users, particularly if a learner has a poor ability to mentally rotate structures in 

space (Garg et al., 1999a; Levinson et al., 2007). Our initial hypothesis, based on e-

learning tool usability studies, predicted that the Netter’s 3D Interactive Anatomy 

interface would be associated with longer VOT reaction times than A.D.A.M. Interactive 

Anatomy due to its high navigational control and multiple viewing angles, which require 

more working memory resources. However, our dual-task paradigm did not detect any 

significant difference in terms of cognitive when using Netter’s 3D Interactive Anatomy 

compared to A.D.A.M. Interactive Anatomy to study. 

While these results may lead some readers to suggest that the cognitive load imposed by 

these two e-learning tools is similar, e-learning tool usability studies and studies 
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comparing static to animated images do not support such a conclusion (Dias et al., 1999; 

Garg et al., 1999a; 1999b; Mayer, 2001; Wong et al., 2003; Khalil et al., 2005; Ardito et 

al., 2006; Grunwald and Corsbie-Massay, 2006; Levinson et al., 2007; van Merriënboer 

and Sweller, 2010; Dindar et al., 2014). It is the opinion of the authors that this result 

may be attributable to our study population. The reality is that today’s university students 

generally have more exposure to technological interfaces during their education than their 

predecessors (Brown, 2000; Oblinger and Oblinger, 2005; Oblinger et al., 2005; Skiba 

and Barton, 2006). This daily exposure to different interfaces can increase user comfort 

navigating within and ‘reading’ from starkly different yet novel multimedia interfaces 

(Brown, 2000; Skiba and Barton, 2006). Learner experience and breadth of use with the 

Internet in almost every aspect of their everyday lives may explain why no differences in 

VOT reaction times were seen between the dissimilar e-learning tools used in this study 

(Helsper and Eynon, 2009). While current students may possess skills that enable them to 

navigate across different learning interfaces, the anatomy e-learning tools used in this 

study did not confer any instructional advantage over the static 2-dimensional image of 

this wrist. This finding is consistent with earlier studies that demonstrate similar learning 

outcomes between students who use static images and those who use dynamic ones (Garg 

et al., 1999a; 1999b; Levinson et al., 2007; Vogel-Walcutt et al., 2010; Dindar et al., 

2015).  

In terms of basic anatomy knowledge, the joint pre-test scores of this study demonstrate 

that naïve anatomy students are more familiar with the general anatomy of the knee joint 

than either the wrist or elbow joint. This may be due, in part, to the increased athletic 

activity in pivoting sports (e.g. soccer, football, basketball) among the pediatric 

population and the resultant incidence of knee injuries (Soprano, 2005; Micheli and 

Purccell, 2007). Approximately 25% of primary care office visits by adolescents are 

sports related, with the knee being among the most common injury and the most frequent 

complaint when seeking medical attention (Ziv et al., 1999; Rice, 2000; Hambidge et al., 

2002). These incidences of knee injury and the consequent discussion with medical 

professionals may explain why naïve anatomy students are more familiar with knee 

anatomy than other joints. Interestingly, joint post-test scores demonstrate that the higher 

pre-test scores in the knee did not result in higher post-test scores. This suggests that 
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higher pre-test knowledge of the knee did not impact the post-test knowledge results of 

the study. 

The effect of user visuo-spatial ability on post-test outcomes is perhaps one of the more 

critical results in this study. To understand the role spatial ability plays in acquiring 

knowledge from two dissimilar e-learning tools, a mental rotations test (MRT) was 

utilized to quantify students’ spatial ability (Shepard and Metzler, 1978; Vandenberg and 

Kuse, 1978; Peters et al., 1995). When MRT scores were plotted against e-learning tool-

specific post-test scores, our results suggested that visuo-spatial ability was positively 

correlated with performance outcomes in Netter’s 3D Interactive Anatomy (specifically 

with the elbow), but when the same students used A.D.A.M. Interactive Anatomy, visuo-

spatial ability did not confer an academic advantage. These results may be attributable to 

the design of each e-learning tool. Previous research has shown that highly interactive e-

learning software such as Netter’s 3D Interactive Anatomy, which enables the rotation, 

transformation and manipulation of unfamiliar virtual objects, is guided by mental 

rotation and as such, is a spatially demanding task related to a user’s spatial ability 

(Wohlschläger and Wohlschläger, 1998; Ruddle and Jones, 2001; Stull, 2009). While 

some studies have found that external animations and high interactivity tools benefit 

students, they often depict systems that contain an element of dynamism (e.g. mechanical 

systems, computer algorithms or geological and astronomical phenomena; see, for 

example, Narayanan and Hegarty (2002) and Rebetez et al. (2004); see Höffler and 

Leutner (2007) for review). Numerous studies have indicated that not only do animations 

fail to confer an academic advantage over static images, but they may also hinder the 

learning processes of those users with lower spatial abilities. (Large et al., 1996; Garg et 

al., 1999a; 1999b; 2001; 2002; Narayanan and Hegarty, 2002; Jain and Getis, 2003; Yang 

et al., 2003; Cohen and Hegarty, 2007; Levinson, 2007; Keehner et al., 2008; Stull et al., 

2009; Vogel-Walcutt et al., 2010; see also Tversky et al., 2002 for review). It has been 

suggested that low-spatial individuals may have difficulty manipulating and interpreting 

virtual models and as a result achieve lower knowledge acquisition scores compared their 

highly spatial colleagues (Narayanan and Hegarty, 2002; Levinson, 2007, Stull et al., 

2009). Consistent with the studies mentioned above, our results suggest that virtual 

anatomical animations within a high interactivity software package may be more 
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cognitively and perceptually demanding for lower spatial ability users than for those with 

high spatial ability.  

 

3.4.1 Study Limitations 

While the research presented is an important step in understanding the impact of 

commercial anatomical e-learning tools on student’s working memory systems, it is 

imperative that the limitations of this study also be discussed. As described in the 

methodology, post-tests were administered the same day students utilized the e-learning 

tools, meaning that immediate learning and recall were assessed, however, long-term 

retention and learning were not. Beyond the methodological design, this study should be 

repeated with the wrist and ankle joint substituted for the knee and elbow joint to 

eliminate pre-test knowledge as a confounding variable.  

 

3.5 Conclusion 

In an educational era where the rapid adoption of e-learning tools to facilitate online 

learning has been propelled, in part, by rising annual enrollments and an influx of new 

learners from a digital generation, the findings of our study are noteworthy. The body of 

research suggests that as highly interactive software products intrinsically favor higher 

spatial ability learners over lower spatial ability learners, we may be unintentionally 

placing students with low spatial ability at an academic disadvantage. Nevertheless, the 

results of our study leave a number of questions unanswered. As Hegarty (2004) 

highlighted, too often investigators assume that while learners may use dissimilar 

interactive displays differently, they nonetheless use each display in an efficient, 

productive and effective manner. Yet, research on user interactions with interactive 

displays contradicts this assumption, suggesting that not all individuals have the 

metacognitive skills to manipulate said software and animations to learn effectively 

(Morrison, 2000; Hegarty et al., 2002; Hegarty, 2004; Lowe, 2004; Rieber et al., 2004; 

Cohen and Hegarty, 2007; Hegarty et al., 2008).  Future research involving cursor and 
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gazing tracking as well as fixation patterns may provide valuable insights about how 

learners with different visuo-spatial abilities use various interactive functions and allow 

us to elucidate strategy differences between successful and unsuccessful learners in a 

virtual environment.  
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Chapter 4  

4 The Skeletons in Our Closet: E-Learning tools and what 
happens when one side doesn’t fit all 

This chapter investigates if a dual-task paradigm is an effective tool for measuring 

cognitive load changes across different learning modalities in regards to a visual-

kinesthetic learning. It also describes the impact of visual-kinesthetic learning on 

knowledge recall and how spatial ability may influence said anatomical knowledge 

recall.4 

 

4.1 Literature Review 

While 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)), controversy over e-learning tool adoption and questions regarding their efficacy 

remain. Recent publications have examined the impact of e-learning tools on student 

knowledge, and while some have demonstrated that e-learning tools created by individual 

institutions are more effective than traditional study methods (e.g. cadaveric dissection, 

textbook learning; Elizondo-Omaña et al., 2004; Qayumi et al., 2004; Glittenberg and 

Binder, 2006; Nicholson et al., 2006; Hisley et al., 2008; Venail et al., 2010; Codd and 

Choudhury, 2011), most have demonstrated that e-learning tools developed by individual 

researchers either do not offer an advantage or actually disadvantage students when 

compared to traditional instructional methods (Garg, 1998; Garg et al., 1999a; 1999b; 

2002; Kurihara et al., 2004; Levinson et al., 2007; Keedy et al., 2011; Khot e tal., 2013; 

Preece et al., 2013; Saltarelli et al., 2014; Webb and Choi, 2014; Mathiowetz et al., 

2016). While e-learning tools may be more stimulating and enjoyable, research has 

                                                 

4
 A version of this chapter has been submitted to the journal Anatomical Sciences Education for 

publication.  
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suggested that they rely heavily on the spatial ability of the learner, defined as the innate 

ability to mentally manipulate an object, and can disadvantage those who struggle with 

mental manipulation (Carpenter and Just, 1986; Mayer and Sims, 1994; Luursema et al., 

2006; Levinson et al., 2007; Estevez et al., 2010; Preece et al., 2013; Van Nuland and 

Rogers, 2016). While there is no shortage of the development and implementation of 

commercial e-learning tools within curricula, empirical evidence relating the comparative 

efficacy of these commercial tools to traditional instructional methods is scarce (Lewis, 

2003; Khalil et al., 2005; Trelease, 2016). In the absence of this evidence, incorporation 

of these tools into curricula has relied solely on validations based on student perception, 

attitude and enjoyment, leading to blind acceptance and use of commercial e-learning 

tools in education (Preece et al., 2013). Comparative studies in anatomy education have 

shown that naïve students who use e-learning tools to study anatomical concepts face 

distinct educational disadvantages compared to those who study using more traditional, 

tactile methods (Khot et al., 2013; Preece et al., 2013). Results, such as these, emphasize 

that the purchase, implementation and acceptance of e-learning tools should not be made 

based on instinct or because such tools represent a “more modern” approach to education, 

but should be supported by statistically reliable scientific evidence (Khot et al., 2013; 

Preece et al., 2013). As computer and mobile interfaces become synonymous with post-

secondary institutions, there is an increasing concern that the wide use of e-learning 

technologies is not achieving the intended impact on learning (Cook et al., 2008). 

 

4.1.1 Physicality and Traditional Anatomical Models: The missing 
sense 

Although some anatomical e-learning tools allow learners to manipulate virtual objects, 

they ultimately lack the element of physicality. Defined as actual, active touching of a 

concrete object, physicality involves the element of discovery through intentional tactile 

actions on the part of the learner (Stankov et al., 2001; Jones et al., 2006; Wiebe et al., 

2009; Zacharia and Olympiou, 2011). Kinesthetic learning is not only an active process, 

but when combined with visual perception is thought to allow for mental representations 

to be encoded in a multisensory format involving a larger neural network which, in turn, 
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may induce more effective recall of that information from the learner’s memory (Reiner, 

1999; Stankov et al., 2001; Jones et al., 2003; 2006; Seitz et al., 2006; Seitz and Dinse, 

2007; Shams and Seitz, 2008; Wiebe et al., 2009; Richardson, 2011). Contour following, 

where a learner’s hands maintain contact with an object, can provide important 

information about the shape and volume of an object, and is particularly applicable in 

anatomical sciences where students have the opportunity to physically handle specimens 

(Lederman and Klatzky, 1987; Minogue and Jones, 2009). Within STEM education 

research, many studies continue to support teachers’ proclivities toward incorporating 

physical hands-on models alongside instruction, in a multisensory format, to generate a 

more meaningful learning experience (Reiner, 1999; Jones et al., 2003; 2006; Krontiris-

Litowitz, 2003; Shams and Seitz, 2008; Minogue and Jones, 2009; Khot et al., 2013; 

Preece et al., 2013). In anatomy, cadaveric dissection and other kinesthetic visual 

activities continue to promote better understanding and recall of anatomical concepts and 

their spatial relationships than visual-only e-learning tools (Rizzolo and Stewart, 2006; 

Motoike et al., 2009; Oh et al., 2009; DeHoff et al., 2011; Khot et al., 2013; Preece et al., 

2013).  

While consideration of the relative impact of visual-kinesthetic learning modalities 

compared to visual-only e-learning tools is undoubtedly significant, understanding why 

visual-kinesthetic learning promotes better learning than content matched e-learning tools 

is equally important. It is interesting to note here that the majority of studies have not 

answered why visual-kinesthetic experiences generate better learning outcomes, only 

showing that they do (Khot et al., 2013; Preece et al., 2013). The few studies that have 

attempted to explain their results, have attributed better performance measures involving 

visual-kinesthetic learning to cognitive load reductions, but have not measured cognitive 

load in their studies to support this argument (Jones et al., 2003; 2006; Minogue and 

Jones, 2006; Zacharia and Olympiou, 2011).  
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4.1.2 Objectives 

In this study we set out to examine how the visual-kinesthetic experience of manipulating 

a physical skeleton impacts learning when compared to virtual manipulation of a simple 

2-dimensional (2D) anatomical e-learning tool, A.D.A.M. Interactive Anatomy in terms 

of cognitive load and visuo-spatial ability. We hypothesized that a physical skeleton 

would generate significantly better learning outcomes, due, in part, to a reduction in 

cognitive load, when compared to a simple, 2-dimensional commercial e-learning tool 

(A.D.A.M. Interactive Anatomy). More specifically, we predicted that visual observation 

task reaction times would be significantly shorter when students studied using a physical 

skeleton, indicating a lower cognitive load and resulting in significantly higher post-test 

scores. Furthermore, based on the results of Chapter 3, we predicted that a learner’s 

spatial ability would not influence their knowledge recall when they studied using 

A.D.A.M. Interactive Anatomy, but that it would influence knowledge recall when they 

studied using a physical skeleton. Given these hypotheses, three objectives for this study 

were identified: (1) to investigate if a dual-task paradigm is an effective tool for 

measuring cognitive load changes across a visual-kinesthetic and visual-only learning 

modality; (2) to assess the impact of knowledge recall when using a physical skeleton to 

study when compared to a content matched simple 2D e-learning tool (A.D.A.M. 

Interactive Anatomy); and (3) to evaluate the effect of learner spatial ability on 

knowledge recall when learning from the different learning modalities mentioned above.  

 

4.2 Methodology 

The research protocol was approved by the Office of Research Ethics at The University 

of Western Ontario, Canada (Appendix I). 

 

4.2.1 Participants and Recruitment 

All students in the Fall 2015 undergraduate anatomy course Systemic Human Anatomy 

(ANATCELL3319) at The University of Western Ontario were eligible to participate in 
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the study. The description of this course appears in Section 3.2.2. Of those students in the 

course 25.39% (n = 81) consented to participate. Students were recruited through in-class 

announcements and e-mails from the first author. In accord with The University of 

Western Ontario Research Ethics Board, the authors had no relationship with the students 

and were not associated with the course. Furthermore, the authors had no significant ties 

with the e-learning tools used in this study, or the company that created it. 

4.2.2 Experimental Design Overview 

Participants were asked to complete two pre-test measures, including a demographic 

questionnaire and a mental rotations test. A virtual version of the revised Vandenberg & 

Kuse Mental Rotations Test-A (MRT) was administered, as described in Section 3.2.3, to 

participants as a measure of spatial ability prior to the study (Peters et al., 1995; Fig. 3.1). 

To determine if a dual-task paradigm (described in Section 3.2) was an effective tool for 

measuring cognitive load across a visual-kinesthetic (physical skeleton) and a visual only  

learning modality (A.D.A.M. Interactive Anatomy (Ebix, Atlanta, GA); described in 

Section 2.2.1), participants were involved in four separate testing conditions, including 

two single-task conditions (Conditions 1 and 2; Table 4.1), where a visual observation 

task (VOT) and then a joint learning task were completed in isolation, followed by two 

dual-task conditions, where a VOT and a joint learning task were completed 

simultaneously (Conditions 3 and 4; Table 4.1). A.D.A.M. Interactive Anatomy was 

selected based on the results of Chapter 3, demonstrating that its interface design did not 

disadvantage students based on spatial ability. 

In both dual-task conditions participants were randomly assigned to explore the bony 

anatomy of two joints, the wrist and the ankle, using two different learning methods. To 

ensure the quality and scope of the anatomical questions used in this study, a qualified 

anatomist, unrelated to the study, validated the question. 
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Table 4.1: Learning Tool and Joint Learning Task Assignments. 

 

Each participant in this study completed Conditions 1 through 4. In both dual task 

conditions participants are randomly assigned to explore the anatomy of two joints (wrist 

and ankle) using two different learning methods (A.D.A.M. Interactive Anatomy and 

physical skeleton). Due to this cross over design Conditions 3 and 4 vary depending on 

the participant. 

 

 

4.2.3 Physical Skeleton Utilized 

The articulated limb skeletons used in this study were human bones obtained from the 

skeletal collection of the Gross Anatomy Laboratory, Department of Anatomy and Cell 

Biology, University of Western Ontario. The articulated lower limb used included the 

patella, tibia, fibula, tarsal bones (calcaneus, cuboid, navicular, talus, medial, 

intermediate and lateral cuneiforms) and all metatarsals and phalanges. Similarly, the 

articulated upper limb included the humerus, ulna, radius and the carpal bones (scaphoid, 

lunate, triquetrum, pisiform, hamate, capitate, trapezoid and trapezium) as well as all the 

metacarpals and phalanges. Each of the tarsal and carpal bones was labeled with a 

number, which corresponded to a printed list of bone names that accompanied the 

skeleton. A 2D compiled atlas image of an articulated limb was also provided. In each 

image the carpal and tarsal bones were labeled and provided an anterior/posterior (wrist) 

Participant 

Condition 1:  
Visual 

Observation Task 
in Isolation 

Condition 2: 
Elbow 

Learning Task 
in Isolation 

Condition 3: 
Learning Tool and 

Joint Learning 
Task 

Condition 4: 
Learning Tool and 

Joint Learning 
Task 

1 ✓ ✓ 
Wrist in A.D.A.M. 

Interactive Anatomy 
Ankle using a 

physical skeleton 

2 ✓ ✓ 
Ankle in A.D.A.M. 

Interactive Anatomy 
Wrist using a 

physical skeleton 

3 ✓ ✓ 
Wrist using a 

physical skeleton 
Ankle in A.D.A.M. 

Interactive Anatomy 

4 ✓ ✓ 
Ankle using a 

physical skeleton 
Wrist in A.D.A.M. 

Interactive Anatomy 
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or dorsal/plantar (ankle) view of the respective joint. The atlas images were provided to 

recreate how a student would typically study skeletal anatomy in a self-study fashion 

using a bone box and anatomical atlas.  

 

4.2.4 Experiment Station Design 

The research station (Fig. 4.1) used in this study consisted of a 15.6-inch Lenovo laptop 

(ThinkPad E531, Lenovo, Morrisville, NC; Monitor 1) with Intel dual-core processor 

running Windows 7 (Microsoft Corp., Redmond, WA) connected to an external mouse. 

This laptop was used to display all pre-tests and post-tests in addition to the e-learning 

tool. A 26-inch LG Flatron Wide monitor (LG Electronics Inc., Seoul, Korea; Monitor 2) 

was placed directly behind Monitor 1 and was connected to a second Lenovo laptop 

which was used to run E-Prime 2.0 Professional (Psychology Software Tools, Inc., 

Sharpsburg, PA) in the background while the external monitor (e.g. Monitor 2) was used 

to display the visual observation task (VOT) to participants (Fig. 4.1A). 
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Figure 4.1: Experimental station design. 

During Condition 1, where the visual observation task (VOT) was completed in isolation, 

participants used setup A to respond to a modified Stroop test that appeared on Monitor 

2; no images were shown on Monitor 1, as this monitor is turned off during this time. Set 

up A was also used in Condition 2, where a learning task (elbow) was completed in 

isolation. Again, an image was displayed on Monitor 1, and no images were shown on 

Monitor 2 positioned behind. For the dual-task conditions, where participants completed 

both a VOT and joint learning exercise simultaneously (Conditions 3 and 4), two 

different experimental setups were used. When participants studied using A.D.A.M. 

Interactive Anatomy setup A was used. However, when participants studied using the 

physical skeleton, setup B was used. In both dual-task conditions (Conditions 3 and 4), 

Monitor 2 was used to display the VOT. 

									
		

blue	 Monitor 2

Monitor 1

blue		

A

B

Laptop operating
E-Prime®

Laptop operating
E-Prime®

Monitor 2
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4.2.5 Condition 1- Visual Observational Task in Isolation (Single-task 
Condition) 

This condition was executed in the same manner as described in Section 3.2.5.  

 

4.2.6 Condition 2- Joint Learning Task in Isolation (Single-task 
Condition) 

Following completion of the VOT in isolation (Condition 1), participants were asked to 

complete a second single-task condition involving learning the anatomical structure of 

the bony elbow joint (Condition 2). Prior to the start of this learning task, participants 

were given 10-minutes to complete 10 multiple-choice questions, each with its own 

cadaveric image, to assess their baseline level of anatomical knowledge of the elbow 

joint. Questions were related to identification of articulating bones at the elbow joint, 

associated bony landmarks and whether the joint originated from the left or right side of 

the body (Appendix G).  

Once a baseline knowledge level was established, participants were given the opportunity 

to learn the anatomy of the bony elbow joint for 12 minutes using a labeled, static 2-

dimensional image on Monitor 1 (Fig. 4.1A). Students were provided with an instruction 

page that detailed the three objectives of the elbow exercise: (1) Identify the bones that 

articulate at the elbow joint; (2) Identify which side (left or right) the joint originates 

from; and (3) Identify the bony landmarks on the bones immediately surrounding the 

elbow joint. The anatomy of the bony elbow joint was chosen because our previous study 

showed it did not to overload the working memory of participants, and students could 

acquire the required depth of knowledge to answer the knowledge acquisition questions 

in the restricted time limit given (Chapter 3). 

Upon completion of the elbow learning exercise, participants completed a one-minute 

math worksheet containing addition/subtraction problems consistent with a Grade 5 math 

level, which was designed to erase information held in the learner’s short-term working 
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memory (Fisk et al., 1986; Van Nuland and Rogers, 2016). Participants then completed a 

scrambled version of the knowledge questions administered during the baseline test (10 

multiple-choice questions/10-minutes) to assess how studying from a static 2-

dimensional image impacted their anatomical knowledge of the bony elbow.  

 

4.2.7 Conditions 3 and 4- Visual Observation Task and Joint 
Learning Task Combined (Dual-task Condition) 

The final testing conditions involved the completion of a joint learning task and a visual 

observation task (VOT) simultaneously, known as a dual-task experiment (Fig. 4.1; Table 

4.1). Participants were randomly assigned to explore both the bony wrist and ankle joints, 

using different learning tools: (1) a simple 2D e-learning tool, A.D.A.M. Interactive 

Anatomy, and (2) a physical skeleton, using a crossover design with order reversal (Table 

4.1). Participants studied the first joint using one learning tool during the first dual-task 

condition (Condition 3) and the second joint and learning tool during the second dual-

task condition (Condition 4). The wrist and ankle joints were chosen because they are 

distal limb joints that have a similar number of bones involved, and participants for the 

most part were naïve to their anatomy.  

Prior to the beginning of each dual-task condition, participants were asked to complete 10 

multiple-choice questions to establish their baseline anatomy knowledge of the assigned 

joint. Each question was associated with a cadaveric picture, and was related to the 

identification of articulating bones at each joint or which view of a joint was being shown 

(wrist: anterior/posterior; ankle: dorsal/plantar; Appendix J and K).  

Following each baseline knowledge test, participants were given the opportunity to learn 

about a joint from a pre-assigned learning tool (Condition 3; Table 4.1). When 

participants interacted with A.D.A.M. Interactive Anatomy, they were provided an 

instruction page that briefly outlined how to manipulate the basic functions of the e-

learning tool. All students were also given two guiding objectives: (1) Identify the (carpal 

or tarsal) bones that articulate at the (wrist or ankle) joint; and (2) Identify the 

(anterior/posterior) or (dorsal/plantar) aspect of the (wrist or ankle) joint. Using dual-task 
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parameters outlined in our previous study (see Section 3.2.6), participants were given 12-

minutes to explore their pre-assigned joint using the assigned learning tool. At the same 

time, participants were also asked to respond to a similar VOT described in Condition 1. 

Three modifications to the VOT were implemented in the dual-task conditions: (1) No 

practice round was administered; (2) The modified Stroop test was extended to 12-

minutes in length (the same length of the concurrent learning task), displaying a total of 

25 color-words; and (3) The presentation of the stimuli was reversed for the second dual-

task condition to preclude improvement in response times due to participant 

memorization.  

Two distinct dual-task set-ups were used based on the learning tool being assessed. When 

participants interacted with A.D.A.M. interactive Anatomy, the arrangement depicted in 

Figure 5A was used. However, when participants used the physical skeleton to study, 

Monitor 2 was laid flat and angled 20 toward the user to enable users to respond to the 

VOT when looking down at the skeleton (Fig. 4.1B). 

Upon completion of the dual-task exercise, participants were asked to complete a 1-

minute math worksheet followed by a scrambled version of the knowledge questions 

administered during the baseline test (10 multiple choice questions/10 minutes) This 

sequence was repeated for second dual-task condition (Condition 4), which involved the 

remaining joint and the second learning tool (e.g. if, during the first dual-task condition, a 

student studied the ankle joint using A.D.A.M. Interactive Anatomy, then they would 

study the wrist joint using the physical skeletal model; Table 4.1).  

 

4.2.8 Analysis 

Participant VOT reaction times in the single-task condition (Condition 1) were averaged 

and compared to reaction times when the VOT was paired with a joint learning task in the 

dual-task condition (Conditions 3 and 4). Reaction times and performance scores 

gathered during the single-task and dual-task conditions were compared by learning tool 

(A.D.A.M. Interactive Anatomy or physical skeleton), joint learning task (wrist or ankle) 
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and by dual-task condition (first dual-task, Condition 3; or second dual-task, Condition 4) 

using a Friedman test, with a Wilcoxon signed-rank test and Bonferroni correction. 

Reaction times and performance scores were further compared by joint learning task and 

learning tool using independent t-tests or Mann-Whitney U tests. Friedman and Mann-

Whitney U tests (non-parametric tests) were selected for statistical analysis when the 

corresponding data failed to meet parametric assumptions, such as normality. Finally, 

performance scores were compared to participant’s spatial ability scores using linear 

regression analysis. All Cohen’s r effect size calculations were interpreted using literature 

from Cohen (1988), Coes (2002), Coolican (2009) and Fritz et al. (2012).  

 

4.2.9 Exclusion Criteria 

Participants were excluded from analysis if: 1) they failed to complete all tests or 2) if 

there was a technical error with E-Prime that resulted in lost data. 

 

4.3 Results 

 

4.3.1 Demographics 

Of the 81 Systemic Human Anatomy students who participated in the study, 77 were 

included in the study data set (M:F 39:38, mean age = 20.2 years). Of those who 

participated, 77.9% were third year undergraduate students and the remaining were in 

their fourth year. Approximately 79.2% of participants were registered in the F2F portion 

of the Systemic Human Anatomy course, while the remaining students were registered in 

the online section. As noted in the course description, at the time of testing, participants 

had not received formal anatomy lectures on the joints tested in this study. 

The majority of participants in this study reported they were comfortable when using 

computer technology (94.8%), while the remaining students reported feeling neither 

comfortable nor uncomfortable or somewhat uncomfortable. Despite reported comfort 

with technology, only 20.7% of participants had used non-anatomical e-learning tools in 
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past undergraduate courses. When studying anatomy, only 26.0% had used an e-learning 

tool to review material prior to the study (including Netters 3D Interactive Anatomy and 

Anatomy One (Elsevier, Philadelphia, GA), Visible Body (Argosy Publishing Inc, 

Newton Upper Falls, MA), Anatomy TV (Primal Pictures, London, UK), or Essential 

Anatomy 5 (3D4Medical, Del Mar, CA)). 

 

4.3.2 Visual Observation Task (VOT) Reaction Times Assessed by 
Learning Tool 

When the VOT was completed in isolation (VOT baseline; Condition 1), the mean 

reaction time (mean ±SD) across all participants (n = 77) was 977 ±428 milliseconds. A 

Friedman test with a Wilcoxon signed-rank test and a Bonferroni correction determined 

that VOT reactions times were significantly slower when students used each learning tool 

compared to when they completed the VOT in isolation (X2 (2) = 123.97, p < 0.001; 

A.D.A.M: 1631 ±396 msec; Z = -7.28, p < 0.001; Skeleton: 2327 ±699 msec; Z = -7.59, p 

< 0.001). Mean VOT reaction times in the dual-task conditions were also significantly 

slower when participants studied using the skeletal model compared to A.D.A.M. 

Interactive Anatomy (Z = -7.24, p < 0.001).  

 

4.3.3 Visual Observation Task (VOT) Reaction Times Assessed by 
Joint Learning Task  

Using a Friedman test with a Wilcoxon signed-rank test and Bonferroni correction, VOT 

baselines (Condition 1; 977 ±428 msec) were compared to dual-task VOT reaction times 

(Condition 3 and 4; mean ±SD) when participants studied the wrist joint (2034 ±765 

msec) and ankle joint (1925 ±546 msec). Again, reaction times associated with each joint 

were significantly longer than baseline values (X2 (2) = 98.36, p < 0.001; Wrist: Z = -

7.50, p < 0.001; Ankle: Z = -7.42, p < 0.001), however, there was no significant 

difference between wrist and ankle VOT reaction times. 
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To verify that the VOT required consistent and effortful processing, reaction times were 

compared by dual-task conditions. Baseline VOT reaction times were found to be 

significantly faster than reaction times in both dual-task conditions (Conditions 3 and 4), 

however, when the dual-task conditions were compared to each other, no significant 

difference was found, demonstrating that participants applied a consistent effort to the 

VOT overtime (data not shown; Fisk et al., 1986; MacLeod, 2005). 

 

4.3.4 Visual Observation Task (VOT) Reaction Times Assessed by 
Joint Learning Task and Learning Tool 

Dual-task VOT reaction times (Conditions 3 and 4) were further broken down by joint 

learning task and learning tool (Table 4.2). Independent t-tests revealed that VOT 

reaction times were significantly slower when participants used the physical skeleton to 

study when compared to A.D.A.M. Interactive Anatomy for both the wrist (t(57.41) = -

7.72, p < 0.001) and ankle joint (t(62.47) = -3.23, p = 0.002). Participants also had 

significantly slower reaction times when studying the ankle joint using A.D.A.M. 

Interactive Anatomy compared to the wrist (t(75) = -2.44, p= 0.017). Conversely, 

participants had significantly slower reaction times when studying the wrist using the 

skeleton than compared to the ankle (t(75) = 2.70, p = 0.009).  
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Table 4.2: Dual-Task Visual Observation Task Reaction Times Assessed by 
Joint Learning Task and Learning Tool 

 

Independent t-tests were used to analyze the dual-task reaction times measured in 

Conditions 3 and 4.  

a,bSignificant differences were found between the physical skeleton and A.D.A.M. 

Interactive Anatomy, for the wrist joint (p < 0.001) and ankle joint (p < 0.002). 

c,dSignificant differences were found between the ankle joint and wrist joint when 

studying using A.D.A.M. Interactive Anatomy (p = 0.017) as well as when the joints 

were studied using a physical skeleton (p = 0.009). 

Note that identical superscripts are significantly different. The significance level was set 

at 0.05. 

VOT, visual observation task. 

 

4.3.5 Post-Test and Gain Scores Assessed by Learning Tool 

Anatomical knowledge performance scores (mean ±SD) when studying using a 2D 

textbook image (single-task condition, Condition 2; involving the bony elbow joint), a 

physical skeleton and a simple e-learning tool (dual-task conditions, Conditions 3 and 4; 

involving the bony ankle and wrist joints) were compared using Friedman tests with 

Joint Learning Task Condition 
Number of 

Participants 
VOT Reaction Time (msec) 

(mean ± SD) 

Wrist 
A.D.A.M. Interactive 

Anatomy 
38 1524 ± 374a,c 

 Physical skeleton 39 2531 ± 721a,d 

Ankle 
A.D.A.M. Interactive 

Anatomy 
39 1737 ± 392b,c 

 Physical skeleton 38 2118 ± 616b,d 
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Wilcoxon signed-rank tests and Bonferroni corrections (Table 4.3). Interestingly, 

participants had significantly higher post-test scores when they studied using the physical 

skeleton compared to a 2D textbook image (X2 (2) = 43.46, p < 0.001; Z = -5.60, p < 

0.001, large effect according to Cohen’s r) or A.D.A.M. Interactive Anatomy (Z = -5.63, 

p < 0.001, large effect according to Cohen’s r; Table 4.3). However, no such significant 

difference was found between post-test scores when students studied using a textbook 

image and A.D.A.M. Interactive Anatomy. When gain scores were assessed a similar 

pattern to that of the post-test scores was seen (X2 (2) = 67.12, p < 0.001). When students 

studied using a physical skeleton their gain scores were again significantly higher than 

when they studied using (1) a 2D textbook image (Z = -7.05, p < 0.001, large effect 

according to Cohen’s r) or (2) A.D.A.M. Interactive Anatomy (Z = -4.94, p < 0.001, large 

effect according to Cohen’s r; Table 4.3). A.D.A.M. Interactive Anatomy gain scores 

were also significantly higher than those associated with learning from a 2D textbook 

image (Z = -2.82, p = 0.005; medium effect according to Cohen’s r; Table 4.3).  
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Table 4.3: Baseline Test, Post-Test and Gain Scores Assessed by Learning 
Tool (+ Visual Observation Task) 

 

Friedman tests with Wilcoxon signed-rank tests and a Bonferroni correction were used to 

analyze performance data. 

a,bBaseline Test Scores: Values with identical superscripts were significantly different (p 

< 0.001).  

c,dPost-Test Scores:  Values with identical superscripts were significantly different and  

there were two large effect sizes found (p < 0.001; c: Cohen’s r = 0.638; and, d: Cohen’s 

r = 0.642) 

e,f,gGain Scores: Values with identical superscripts were significantly different, and there 

were two large and one medium effect sizes found (e, f: p < 0.001; Cohen’s r = 0.803 and 

0.563, respectively; and, g: p = 0.005, Cohen’s r = 0.321). 

All pre-tests and post-tests were out of 10 marks total; n = 77. The Bonferroni correction 

set the significance level at 0.017. 

VOT, visual observation task. 

 

 

Condition 
Baseline Test Score 

(mean ±SD) 
Post-Test Score 

(mean ±SD) 
Gain Scores  
(mean ±SD) 

2-D Textbook Image 2.71 ± 1.78a,b 7.60 ± 1.88c 4.88 ± 1.88e,g 

A.D.A.M. Interactive 
Anatomy + VOT 

1.56 ± 1.34a 7.30 ± 2.43d 5.75 ± 2.50f,g 

Physical skeleton + 
VOT 

1.45 ± 1.18b 9.26 ± 1.23c,d 7.79 ± 1.45e,f 
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4.3.6 Baseline Test, Post-Test, and Gain Scores Assessed by Joint 
Learning Task 

Performance scores were analyzed by joint learning task (e.g. elbow (Condition 2), wrist 

and ankle (Conditions 3 and 4)), regardless of e-learning tool, using a Friedman test with 

a Wilcoxon signed-rank test and Bonferroni correction (Table 4.4). Baseline knowledge 

scores were found to be significantly higher for the elbow (X2 (2) = 40.41, p < 0.001) 

compared to the wrist (Z = -5.15, p < 0.001) or ankle joint (Z = -5.21, p <0.001). 

However, there was no difference in baseline knowledge scores between the wrist and 

ankle joint.  

Participants achieved significantly higher scores on the wrist post-test than when 

compared to elbow post-test scores (X2 (2) = 10.56, p = 0.005; Z = -3.38, p = 0.001; 

Table 4.4). However, no such difference was found between ankle and elbow post-test 

scores or ankle and wrist post-test scores. In regard to overall gain scores, elbow gain 

scores were significantly lower than wrist (X2 (2) = 43.15, p < 0.001; Z = -5.76, p < 

0.001) and ankle gain scores (Z = -4.50, p < 0.001; Table 4.4), however, no significant 

difference was found between wrist and ankle gain scores. While statistically significant, 

the importance of these findings is mitigated by the fact that the initial elbow baseline 

scores were higher (i.e. it is likely you would have smaller gain scores when baseline 

scores are higher). 

  



113 

 

Table 4.4: Baseline Test, Post-Test and Gain Scores Assessed by Joint 
Learning Task (+ Visual Observation Task) 

 

Friedman tests with Wilcoxon signed-rank tests and a Bonferroni correction were used to 

analyze performance data. 

a,bBaseline Test Scores: Values with identical superscripts were significantly different (p 

< 0.001). 

cPost-Test Scores: Values with identical superscripts were significantly different (p = 

0.001). 

d,eGain Scores: Values with identical superscripts were significantly different (p < 0.001). 

All pre-tests and post-tests were out of 10 marks total; n = 77. The Bonferroni correction 

set the significance level at 0.017. 

VOT; visual observation task. 

  

4.3.7 Post-Test and Gain Scores Assessed by Joint Learning Task 
and Learning Tool 

Post-test scores were found to be significantly higher when students used a physical 

skeleton to learn than when they studied using A.D.A.M. Interactive Anatomy (wrist: U = 

371.50, p < 0.001, large effect according to Cohen’s r; ankle: U = 353.50, p < 0.001, 

large effect according to Cohen’s r; Table 4.5). Gain scores were also significantly higher 

when students studied using the physical skeleton, than when they studied using 

Condition 
Baseline Test Score 

(mean ±SD) 
Post-Test Score 

(mean ±SD) 
Gain Scores 
(mean ±SD) 

Elbow 2.71 ± 1.78a,b 7.60 ± 1.88c 4.88 ± 1.88d,e 

Wrist 
+ VOT 

1.44 ± 1.21a 8.45 ± 2.06c 7.01 ± 2.07d 

Ankle 
+ VOT 

1.57 ± 1.31b 8.10 ± 2.24 6.53 ± 2.47e 
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A.D.A.M. Interactive Anatomy, regardless of joint (wrist: U = 417.50, p = 0.001, 

medium effect according to Cohen’s r; ankle: U = 308.50, p < 0.001, large effect 

according to Cohen’s r; Table 4.5).  

 

 

Table 4.5: Baseline Test, Post-Test and Gain Scores Assessed by Joint 
Learning Task and Learning Tool 
 

 

Mann-Whitney U tests were used to analyze performance data.  

a,bPost-Test Scores: Values with identical superscripts were significantly different and 

two large effect sizes were ascribed to these difference (p < 0.001, Cohen’s r = 0.457; p < 

0.001, Cohen’s r = 0.464). 

c,d Gain Scores: Values with identical superscripts were found to be significantly 

different, medium and large effect sizes were ascribed to these difference (c: p = 0.001, 

Cohen’s r = 0.384; and, d: p < 0.001, Cohen’s r = 0.511). 

All pre-tests and post-tests were out of 10 marks total. The significance level was set at 

0.05. 

  

Joint 
Learning 
Task Condition 

Number of 
Participants 

Baseline Test 
Score 

(mean ±SD) 

Post-Test 
Score 

(mean ±SD) 
Gain Score 
(mean ±SD) 

Wrist 
A.D.A.M. Interactive 

Anatomy 
38 1.37 ± 1.30 7.61 ± 2.27a 6.24 ± 2.28c 

 Physical skeleton 39 1.51 ± 1.12 9.28 ± 1.43a 7.77 ± 1.51c 

Ankle 
A.D.A.M. Interactive 

Anatomy 
39 1.74 ± 1.37 7.03 ± 2.59b 5.28 ± 2.65d 

 
Physical Skeleton 38 1.39 ± 1.24 9.21 ± 0.99b 7.82 ± 1.41d 
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4.3.8 Mental Rotations Test Scores versus Post-Test and Gain 
Scores Assessed by Learning Tool and Joint Learning Task 

The mean mental rotations test (MRT; Fig. 3.1) score (± SD) across all participants was 

9.18 ± 3.74. Consistent with previous literature, no significant gender difference was 

detected, by way of a Mann-Whitney U test, as the MRT was administered virtually 

(Parsons et al., 2004; female MRT score: 9.38 ± 3.47, male MRT score: 8.97 ±4.04). 

When MRT scores were plotted against learning tool post-test scores, there was no 

significant relationship (not shown). However, when MRT scores were plotted against 

learning tool gain scores, spatial ability was significantly correlated to gain scores, but 

only when students studied using a physical skeleton (F(1,75) = 6.27, p = 0.014, R2 = 

0.077, 95% CI (0.022, 0.194)) and not when they studied using A.D.A.M. Interactive 

Anatomy (Fig. 4.2). Physical skeleton gain scores were further separated by joint and 

assessed using linear regression and the positive correlational was isolated to the ankle 

joint only (F(1,36) = 4.27, p = 0.046, R2 = 0.106, 95% CI (0.002, 0.217); Fig. 4.3). Here, 

it is important to note that when participants studied the wrist joint, they did so using a 

right physical skeleton and were tested on ipsilateral images (right wrist), however, when 

students studied the ankle joint, they used a left physical skeleton but were tested on 

contralateral images (right ankle; Fig. 4.3).  
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Figure 4.2: Correlation between participant mental rotation test scores and 
overall performance (gain score) according to learning tool. 

Student spatial ability, as determined by MRT (mental rotation test) scores, was not 

correlated to A.D.A.M Interactive gain scores (A), however, spatial ability was 

significantly correlated with gain scores when learning from a physical skeleton (B; p < 

0.014). Gain scores have been jittered in these graphs to break up plotting locations. All 

pre-tests and post-tests were out of 10 marks total (n = 77) with the significance level set 

at p ≤ 0.05. 
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Figure 4.3: Correlation between participant mental rotation test scores and 
overall performance (gain scores) associated with learning the wrist and 
ankle from a physical skeleton. 

Participant MRT scores were compared with gain scores when they learned about (A) the 

wrist joint using a right physical skeleton and were tested on ipsilateral images and (B) 

the ankle joint using a left physical skeleton and were tested on contralateral images. 

Ankle gain scores were significantly and positively correlated with student spatial ability, 

as determined by the MRT (p = 0.046). Gain scores have been jittered in these graphs to 

break up plotting locations. All pre-tests and post-tests were out of 10 marks total. 
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4.4 Discussion 

Although e-learning tools remain popular among students, studies that compare them to 

more traditional, kinesthetic learning modalities are of paramount importance as we seek 

to understand if e-learning tools are effective replacements for traditional tactile study 

methods. Yet, studies often validate e-learning tools based on student perception, attitude 

and enjoyment, and those that compare these different learning modalities using 

performance measures are uncommonly rare. This is particularly concerning within 

anatomical sciences education considering the role visual-kinesthetic learning has played 

historically, and the importance it continues to have on teaching human anatomy.  

The fundamental difference between visual-kinesthetic learning modalities (i.e. physical 

skeletons) and visual-only anatomical e-learning tools is the element of physicality. To 

understand how physicality, or the absence of it, impacts learner knowledge acquisition 

we examined students while they learned anatomy of bony joints by physically 

manipulating a skeleton in comparison to a simple 2D e-learning tool, A.D.A.M. 

Interactive Anatomy. Using a cognitive load model, known as a dual-task paradigm, and 

a measurement of learner spatial ability, we identified three objectives: (1) to investigate 

if a dual-task paradigm is an effective tool for measuring cognitive load changes across 

both a visual-kinesthetic (physical skeleton) and a visual-only (A.D.A.M. Interactive 

Anatomy) learning modality; (2) to assess the impact of knowledge recall when using a 

physical skeleton to study compared to that of a content matched simple, 2D e-learning 

tool (A.D.A.M. Interactive Anatomy); and (3) to evaluate the effect of learner spatial 

ability on knowledge recall when learning from these two modalities.  

The results of the dual-task study suggested that the learner’s experienced increased 

cognitive load when physically manipulating a skeleton. However, cognitive load theory 

indicates that if a learning tool imposes a higher cognitive load, then fewer working 

memory resources would be available to process the educational content of that tool. 

Thus, when students studied by physically manipulating a skeleton, we would expect to 

see lower post-test and gain scores when compared to a non-cognitively demanding tool 

(Anderson, 1987; Mayer and Sims, 1994; Mayer, 2008; van Merriënboer and Sweller, 

2010). Yet, performance scores associated with learning from a physical skeleton were 
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significantly higher than those associated with A.D.A.M. Interactive Anatomy, moreover 

that the estimated magnitude of this effect (Cohen’s r) indicated a large practical 

significance. These latter results indicate that it is unlikely that learning from physical 

skeletons imposes high cognitive load, rather they suggest that the dual-task paradigm 

described in this study is not an effective tool for measuring cognitive load across 

different learning modalities. Recalling our first objective, the results presented here may 

lead others to the conclusion that it is not possible to compare cognitive loads across a 

learning modality that relies on vision only and one that uses both kinesthetic and visual 

cues. However, such conclusions should be reserved until further studies can verify if 

other modified dual-task designs can quantify cognitive load under these circumstances. 

Curiously, educational research that compares visual-kinesthetic learning tools to visual-

only e-learning tools has consistently attributed the positive outcomes of kinesthetic 

learning to its ability to reduce cognitive load (Jones et al., 2003; 2006; Minogue and 

Jones, 2006; Zacharia and Olympiou, 2011; Khot et al., 2013; Preece et al., 2013).  Yet, 

cognitive load research, including that within the anatomical sciences, has been limited to 

e-learning tools that involve the visual and auditory streams, with no attempts to include 

learning modalities that involve visual-kinesthetic perception (Zacharia and Olympiou, 

2011). Furthermore, none of the aforementioned studies have attempted to measure the 

cognitive load to which they ascribe their results (Jones et al., 2003; 2006; Minogue and 

Jones, 2006; Zacharia and Olympiou, 2011; Khot et al., 2013; Preece et al., 2013). So 

herein lies the importance of attempting cognitive load quantification; to fully understand 

if the effects of multisensory learning that involve visual and touch modalities are, in fact, 

due to reduced cognitive load, it is necessary to measure cognitive load changes across 

these different learning modalities. Prior to assuming that dual-task paradigms are not an 

effective tool in this pursuit, we must first make attempts to redesign the dual-task 

paradigm presented here.  

This study represents the first time a dual-task paradigm was investigated as a tool for 

measuring cognitive load changes across a visual-kinesthetic and a visual-only learning 

modality. To understand if dual-task studies can be effectively applied to the study of 

cognitive load across different learning modalities, future studies should seek to correct 
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the limitations identified in our paradigm. The reaction time data presented in Table 4.2 

suggests that participants struggled to respond to the VOT when physically manipulating 

the skeletons. The delay caused by having to stop manipulation of the physical skeleton 

to respond to the VOT is known as structural interference, and can produce erroneous 

interpretations of response times and thus cognitive load (Kahneman, 1973; Kerr, 1973; 

Olive, 2004). To mitigate structural interference in future dual-task studies, researchers 

should consider having participants respond to the VOT using a foot pedal, thereby 

reducing the need for the hands to be used in both activities.  To prevent confounding 

variables, it will be important that: (1) participants are allowed ample practice to ensure 

they were comfortable with the response system; and (2) that a foot pedal is used for 

responding to the VOT across all learning modalities. Overall, given the success of dual-

task paradigms in comparing different e-learning tools (Van Nuland and Rogers, 2016), 

further development of these paradigms across different learning modalities is warranted 

as educational researchers continue to look for ways to objectively and quantifiably 

compare e-learning tools to traditional teaching methods.   

Unlike prior comparative studies in the anatomical sciences, which used independent 

testing groups and inherently complex anatomy to assess the impact of physical and 

computer models on knowledge recall, this study implemented a cross over design with 

an alternating order and tested simplistic anatomical concepts (Khot et al., 2013; Preece 

et al., 2013). Furthermore, and perhaps more importantly, our study is the only one we 

are aware of that makes a direct comparison of physical models to a commercial 

anatomical e-learning tool. The performance outcomes of this study suggest that handling 

physical specimens enables significantly better anatomy knowledge recall than 

commercial e-learning tool use. It further supports the body of literature that highlights 

the importance of tactile feedback and multi-sensory learning offered by anatomical 

models during learning (Rizzolo and Stewart, 2006; Shams and Seitz, 2008; Estevez et 

al., 2010; DeHoff et al., 2011; Khot et al., 2013; Preece et al., 2013). However it also 

represents the only study we are aware of to-date that assesses a commercial e-learning 

tool, rather an institutionally built one (Khot et al., 2013; Preece et al., 2013).  
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To understand what it means when a large effect size was observed when learners studied 

using a physical skeleton, it is necessary to interpret these effect sizes in a more practical 

manner. Using Frtiz et al.’s Associated Values Table (2012), we can translate our 

Cohen’s r value of 0.642, associated with post-test scores in Table 4.3, to an equivalent 

Cohen’s d value of 1.6, which can be further interpreted using Coes (2002) explanation of 

estimated effect sizes. Using both these resources (Coes, 2002; Fritz et al., 2012) we can 

conceptualize that our Cohen’s d effect size of 1.6 means that 95% of participants using a 

physical skeleton to study scored higher on post-test measures than 95% of people in the 

A.D.A.M. Interactive Anatomy group, who were initially equivalent. This is the same as 

saying that if we had two groups of 25 students, one group that studied using a physical 

skeleton to study and one that used A.D.A.M Interactive Anatomy to study, the average 

person who studied using the physical skeleton (i.e. ranked 13th out 25 in his/her skeleton 

use group), would have a similar post-test score as the person ranked first in the 

A.D.A.M. Interactive Anatomy study group. Using these interpretations, it is easier to 

understand the practical significance that learning with a physical specimen had on the 

students in this study. The results presented here indicate that handling physical 

specimens yields major, positive impacts on anatomy knowledge recall, which, a content 

matched, simple commercial e-learning tool fails to deliver. 

In the anatomical sciences, new technologies have superseded, and will continue to 

supersede, existing visual-kinesthetic teaching methods, due, in part, to today’s 

technological culture and assumptions about what millennial students will expect. These 

factors have contributed to the mentality within higher educational institutions of ‘build it 

(or invest in it) and they will come’. Yet, in the business of education, assumptions that 

sleek anatomical e-learning tools will: (1) entice millennial learners (Chumley-Jones et 

al., 2002; Azer and Eizenberg, 2007; Smith and Mathias, 2010; Davis et al., 2014; Smith 

et al., 2014); and, (2) be effective alternatives to simpler e-learning tools or more 

traditional physical specimens, are based on perceptions rather than objective scientific 

evidence (Holden and Rada, 2011; Trelease, 2016). The results of our study show the 

magnitude of the effect and moreover, the practical significance that a visual-kinesthetic 

experience, like physical manipulation of a skeleton, has on anatomy knowledge recall. 

While the development of innovative teaching and learning resources should be 
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encouraged, the responsibility of educators is to continually and critically assess these 

new learning methods against existing standards on a multitude of variables; while 

anatomy e-learning tools may elicit excitement and feelings of satisfaction among users, 

the results of this study demonstrate they simply do not deliver the same results as 

traditional, visual-kinesthetic learning methods. 

A learner’s innate spatial ability can also impact performance on anatomical knowledge 

tests and has been well documented in the literature (Rochford, 1985; Garg et al., 2002; 

Gulliot et al., 2007; Preece et al., 2013; Berney et al., 2015; Langlois et al., 2015). The 

visuospatial results of our study expand on this body of research and suggest that students 

with low spatial ability are handicapped when they study a joint from one side of the 

body, but are presented with an image of the contralateral joint on a test. Conversely, 

those who have high spatial ability can apply their acquired anatomical knowledge from 

one joint equally well regardless of what image they are tested on (Fig 4.). This novel 

result can be explained by mental rotation literature, which suggests that objects are 

remembered in the familiar orientation they were learned in, and that unfamiliar 

orientations are recognized by mentally rotating structures from this familiar view (Garg 

et al., 1999b; 2001; 2002). Performing these spatial rotations and mental transformations, 

however, depends on a learner’s innate spatial ability (Rochford, 1985; Garg et al., 2001, 

2002; Guillot et al., 2007; Langlois et al., 2015). When students attempt to translate their 

visual representations, they must mentally represent the target figure (i.e. the ipsilateral 

image) and then transform this internal representation to compare it to the image in the 

question (i.e. the contralateral image; Miyake et al., 2001). Research has demonstrated 

that matching a mirror-image back to the initial visual representation (i.e. the familiar 

orientation in which the object was learned) not only requires a mental rotation of the 

mirror-image within the image plane but also an additional mental rotation to flip the 

image (Hamm et al., 2004; Kung and Hamm, 2010). To complicate matters further, the 

mirror–image shares the same features of that object, as when it is presented in its 

familiar orientation (i.e. the orientation it was initially learned in; Cooper and Shepard, 

1973; Corballis and McMaster, 1996). Due to this, individuals must rely on the 

transformed internal representation, discussed above, to identify features of the object 

when it is presented in an orientation other than the one it was learned in (Cooper and 
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Shepard, 1973; Corballis and McMaster, 1996; Kung and Hamm, 2010). It is not a 

surprise then that low spatial ability learners find it difficult to extract pertinent 

information from objects and mentally transform those objects that they generally take 

longer to complete tests, and make more errors while doing so (Yang et al., 2003; 

Hegarty and Waller, 2005; Nguyen et al., 2012; Wilson, 2015).  

The effect of visuospatial ability on performance outcomes is perhaps one of the more 

critical results of this study, and its implications for the medical training field are 

considerable. In the context of anatomy, our novel results imply that students with low 

spatial ability may need to study both sides of the human body to apply their anatomical 

knowledge effectively. However, if you review any anatomy textbook it is most likely 

that limb, head, and neck anatomy are pictured either on the left or the right side but 

anatomical structures are never shown in an identical format on both sides (for example, 

Gray’s Anatomy for Students, 3rd Ed.; Clinically Oriented Anatomy, 7th Ed.). 

Understandably, authors and editors have likely seen illustrations or cadaveric pictures of 

both limbs or both sides of the neck, showing identical information, as redundant in 

nature, adding extraneous information to an already difficult topic and extending the 

number of pages in textbooks unnecessarily; besides, the opposite limb or side of the 

neck is just the mirror image of what appears in the textbook, right? Yet, the results of 

this study demonstrate that learners with low spatial ability have difficulty mentally 

transforming their knowledge of an ankle joint to the contralateral side, something that 

would be difficult to rectify using current anatomy textbooks.  

It is of particular interest to note that anatomical simulators used for training various 

clinical skills are also designed with the notion that “one side fits all”. This inherent bias 

to sidedness is present in simulators designed by institutions (Scerbo et al., 2006; 

McClusky III and Smith, 2008; Cz et al., 2012; Escoto et al., 2013), as well as those 

designed by commercial entities (for example, the I.V. (P50) and Intramuscular Injection 

Arm (P55/1) Simulators from 3B Scientific (left side only; Tucker, GA), the 

Multipurpose Injection Training Arm LM-074 from Koken Co., Ltd, (right side only; 

Tokyo, Japan) or the ARTHRO Mentor Simulator from 3D Systems (Airport City; Israel; 

formerly known as Simbionix Corp.) which offers a left shoulder, a left hip and a right 
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knee, with no other options). Advances in modern medicine have made simulators a 

critical tool for training those in medicine because of their capacity to allow instructors to 

determine if the learner can execute the skills of a procedure without endangering 

patients (Wayne et al., 2005; Savoldelli et al., 2006; Michelson and Manning, 2008). 

Nonetheless, how effective is such a system in real world skill execution if a student can 

only proficiently execute said skill on one side of the body and not the other? If 

achievement of excellence in patient care is dependent upon providing professional 

trainees with all the tools they require to become competent in all technical skills in their 

field, we must be critical of the assumption that ‘one side fits all’ (Langlois et al., 2015). 

So while many studies ultimately suggest that low spatial learners may need to be given 

supplementary practice, feedback, and additional course modules to understand spatial 

concepts and be proficient in skill execution (Wanzel et al., 2002, Nilsson et al., 2007; 

Buckley et al., 2013; Shafqat et al., 2015), we argue that institutions must first look at the 

resources being provided, to make sure that trainees are given the tools they need to take 

their knowledge and skills into the clinic and apply them successfully. 

 

4.4.1 Study Limitations 

The research presented here challenges basic assumptions about the learning tools 

provided in anatomical education and sheds light on the learners who may struggle in 

understanding anatomical concepts. However, there are key limitations of this study that 

must be discussed. The results of our study suggest that participants in our crossover 

design had a reduction in attention over the dual-task testing conditions (Conditions 3 and 

4). Inattention may have been due to the duration of the study or the timing of the testing 

(in December prior to exams). Future studies should consider scheduled breaks in 

between each testing condition that incorporate a short entertaining activity to refresh 

participant attention. In regards to the methodological design, this study specifically 

tested anatomy recall but did not assess long-term retention or learning. Furthermore, it 

should be noted that the physical skeleton and corresponding contralateral test images 

used in this study involved the leg skeleton only. To verify the generalizability of the 

findings presented here, more studies should be conducted involving other anatomical 
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structures and other learning tools to chart the effect spatial ability may have on applying 

anatomical knowledge to the contralateral side. Lastly, while our study shows that the 

ability of a subject to mentally transform an anatomical image to the contralateral view 

can be predicted, in part based on their MRT score, the fact remains that a relatively 

small portion of the variance in performance scores was attributed to mental rotations 

ability. A possible explanation of these small variances is that students are offered tactile 

feedback by physically manipulating a skeleton. Münzer (2015) found that the ability to 

mentally rotate structures is less important if the structures and its spatial attributes 

studied could be physically rotated during learning; suggesting that the ‘true’ 

performance variability that is predicted by MRT scores may have mitigated by the 

ability to physically rotate the skeleton during learning.  

 

4.5 Conclusion 

Current post-secondary education is intricately entwined with technology, and 

understanding what learners want to learn with, what the administration assumes learners 

want to learn with and how each tool may, or may not, differentially impact knowledge 

acquisition is a daunting task. This study is the only one of which we are aware of to date 

that makes a direct comparison of physical models to a commercial anatomical e-learning 

tool. Broadly, our study sought to examine how the visual-kinesthetic experience of 

manipulating a physical skeleton impacts the learning of simple bony joint anatomy, 

when compared to virtual manipulation of a simple 2-dimensional (2D) anatomical e-

learning tool, A.D.A.M. Interactive Anatomy using a cross-over design with order 

reversal. The results of this study demonstrated that the dual-task paradigm, described in 

this study, is not an effective tool for measuring cognitive load across different learning 

modalities. However, further studies that involve a different method of response (i.e. foot 

pedals) are strongly encouraged and may better elucidate if dual-task paradigms can be 

used to quantify cognitive load in these situations. Our second study objective, involving 

performance scores, suggested that visual-kinesthetic learning modalities deliver superior 

learning experiences compared to content-matched, simple, 2D e-learning tools.  As 

discovered in our third study objective, the importance of learning tool selection and 
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provision during anatomy education is further complicated by the innate spatial abilities 

of the learner. Recognizing how those with low spatial ability perform in anatomy and 

which instruction, or lack thereof, may impede their success in applying anatomical 

concepts in the clinic is critical if indeed one side does not fit all. As new medical 

technologies and imaging techniques become mainstream in the health care system, 

future educational research should explore the relationship between spatial ability and 

contralateral image performance when other anatomical structures are involved. Research 

that extrapolates these anatomical education results to medical simulation training may 

provide valuable insight into how best to support learners with different spatial abilities 

in a variety of educational environments. 
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Chapter 5  

5 Empirical Contributions, Implications and Future 
Directions 

5.1 General Discussion 

The landscape of anatomical sciences education has undergone substantial 

transformations over the past three decades (Trelease, 2016). Administrators, educators 

and students have advocated for the greater use of anatomical e-learning tools in an effort 

to reduce costs, and provide a high quality virtual learning environment with high 

definition graphics (Pin et al., 2011; EU, 2014). Despite the fact that e-learning tools have 

broadened the concept and reach of the traditional anatomy classroom, uncertainty 

remains: are we headed in the right direction? Is there an educational goal we are trying 

to achieve with these tools, and if so, what are the metrics of success to which we ascribe 

(Van Nuland et al., 2017)?  

Historically, assessments of anatomical e-learning tools have either been absent 

(Crossingham et al., 2009; Nguyen and Wilson, 2009; Lu et al., 2010; Sergovich et al., 

2010; Yeung et al., 2011; Adams and Wilson, 2011; Richardson-Hatcher et al., 2014) or 

limited to user satisfaction surveys (O’Bryne et al., 2008; Hassinger et al., 2010; Venali 

et al., 2010; Wright and Hendricson, 2010; Guy et al., 2015). More recently, however, 

evaluations of these tools have become more extensive and have included usability tests 

and learner knowledge outcomes (Nicholson et al., 2006; Hu et al., 2009; Levinson et al., 

2007; Codd and Choudhury, 2011; Doubleday et al., 2011; Keedy et al., 2011; Alfieri et 

al., 2012; Khot et al., 2013; Preece et al., 2013; Rich and Guy, 2013; Hoyek et al., 2014; 

Allen et al., 2016; Mathiowetz et al., 2016).  

Yet, what is concerning about the numerous studies referenced above is that they all 

involve e-learning tools that were designed and developed by professors and/or students 

at various educational institutions, with no consideration for the commercial anatomical 

e-learning tools that so many institutions invest in. The disadvantage of anatomical e-

learning tools designed and developed by individual academics is the time, resources and 
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financial investments required to fully develop these tools into complete entities, and as a 

result the end-products are often limited in scope and have little overall applicability 

outside of the explicit purpose they were designed for. The Cranial Nerve Skywalk 

(Richardson-Hatcher et al., 2014), which is an e-learning tool that enables students to 

visualize select cranial nerves and the associated autonomic pathways, and the Virtual 

Cerebral Ventricular System (Adams and Wilson, 2011), which offers a 3D 

reconstruction of a ventricular system and surrounding structures, are examples of two 

such tools developed by individual groups. From the publications, it is clear that neither 

tool was designed with low spatial ability learners or cognitive load principles in mind, as 

demonstrated by the highly interactive interfaces and multiple viewing angle. In fact, 

Adams and Wilson (2011) do not mention cognitive load or spatial ability in their paper, 

but rather seem to have created the Virtual Cerebral Ventricular System to exploit the 

aesthetics of the rendering technology itself, rather than designing this tool for an 

educational purpose. Similarly, Richardson-Hatcher and colleagues (2014) fail to 

mention learner spatial ability, and the principles of cognitive load are only discussed in 

hindsight of the design. Despite both studies implying that virtual models and e-learning 

tools may be better suited for teaching the complex spatial relationships of 

neuroanatomy, neither actually assesses knowledge recall, learning outcomes or spatial 

ability. Furthermore, no subsequent studies have been published indicating that these 

tools have been or are currently used for educational purposes within curricula.  

Due to the time, resources and financial investments required to fully develop and 

validate anatomical e-learning tools designed by individual academics, educators and 

administrators often see commercially produced anatomical e-learning tools as preferable 

alternatives. However, commercial e-learning tools also lack objective and reliable 

evidence of their effectiveness, especially when compared to existing teaching methods. 

Yet, these tools are routinely purchased by libraries and integrated into curricula by 

educators based on perceptions that they are useful and equally effective as existing 

teaching methods (Rogers, 2003; Trelease, 2016). As a result of these assumptions, 

commercial anatomical e-learning tool selection is often made by academics who may 

not be aware of the cognitive load impact that different software interfaces can impose 

and the differential impact that designs may have on learners with low spatial ability 
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(Van Nuland and Rogers, 2016a). The research presented in this dissertation compared 

the impact of two commercial anatomical e-learning tools and a traditional, anatomical 

visual-kinesthetic learning tool on knowledge recall, and examined how spatial ability 

could influence performance outcomes, using working memory, cognitive load theory, 

and dual-task assessment as guiding principles 

 

5.2 Empirical Contributions 

Chapter 2 attempted to measure cognitive load changes when students used two 

commercial anatomical e-learning tools, using a standard dual-task paradigm designed 

based on existing literature. It is important to note that the few studies that had previously 

used dual-task paradigms to assess the design of science-based e-learning tools shared 

important commonalities that were inherently different from the study presented in 

Chapter 2 (Brünken et al., 2002; DeLeeuw and Mayer, 2008). In the studies by Brünken 

et al. (2002) and DeLeeuw and Mayer (2008): (1) each study used a science-based 

learning tool developed by the individual authors; (2) each e-learning tool showed a 

dynamic educational concept (i.e. how the cardiovascular system works, including 

physiological and electrochemical processes (Brünken et al., 2002), or how an electric 

motor works (DeLeeuw and Mayer, 2008)); and, (3) each tool was passively viewed by 

the learner, as both were essentially videos. These studies used a simple colour change as 

a visual observation task to measure cognitive load, and did not include single-task 

conditions involving a learning task in isolation or a visual observation task in isolation in 

the design. While this paradigm was used successfully by both Brünken et al. (2002) and 

DeLeeuw and Mayer (2008), the results of Chapter 2 demonstrated that such a paradigm 

was problematic when applied to the study of commercially built anatomical e-learning 

tools that showed static anatomical concepts and allowed full virtual interaction. 

Essentially, what researchers thought to be a suitable approach for measuring cognitive 

load during science-based e-learning tool use, was developed based on passive 

multimedia learning, which is fundamentally different from the standard interactive e-

learning tools in science, and particularly within anatomy. It will be essential to test 
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future dual-task instruments for the confounding variables identified in Chapter 2, 

particularly for dual-task research in current multimedia educational research, which has 

become increasingly concerned with the cognitive load impacts of multimedia learning. 

The recommendations in this chapter provide evidence-based guidance for how future 

research could successfully measure the impact of cognitive load during interactive e-

learning tool use. 

Chapter 3 utilized the recommended solutions from Chapter 2 to redesign the dual-task 

paradigm and overall methodology to create a novel dual-task approach to: (1) assess the 

effect of two commercial anatomical e-learning tools (Netter’s 3D Interactive Anatomy 

and A.D.A.M. Interactive Anatomy) on learner cognitive load and knowledge recall; and, 

(2) investigate the impact learner spatial ability may have on learning. Interestingly, the 

dual-task and performance results suggested that the cognitive load imposed by the 

starkly different, commercial e-learning tools was similar. Although these findings 

diverge from previous studies and cognitive load theory that indicate highly interactive 

tools may impose higher extraneous cognitive load (Grunwald and Corsbie-Massay, 

2006; Levinson et al., 2007; van Merriënboer and Sweller, 2010; Dindar et al., 2014), our 

results suggest today’s tech-savvy learners may be more comfortable navigating within 

and “reading” from starkly different yet novel multimedia interfaces than their 

predecessors (Brown, 2000; Oblinger and Oblinger, 2005; Oblinger et al., 2005; Skiba 

and Barton, 2006). As a result of this comfort level, the impact that cognitive load may 

have on learner knowledge recall, particularly when students use content matched e-

learning tools like A.D.A.M. Interactive Anatomy and Netter’s 3D Interactive Anatomy, 

may not be as significant as is hypothesized in the literature, especially for students of the 

digital generation.  

Though cognitive load may not be an important factor to consider when choosing 

between commercial e-learning tools that deliver the same, basic information, 

understanding the impact a tool may have on learners with low spatial ability is essential. 

As discussed in Chapter 3, a complex commercial e-learning tool, like Netter’s 3D 

Interactive Anatomy, which enables the virtual rotation, transformation and manipulation 

of unfamiliar anatomical objects, can negatively impact knowledge acquisition for 
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learners with lower spatial abilities. Though studies have demonstrated a similar impact 

that multiple views of an anatomical structure can have on low spatial ability learners, 

these studies involved anatomical e-learning tools that were designed and developed by 

individual academics, and did not assess commercially developed anatomical e-learning 

tools (Garg et al., 1999; Levinson et al., 2007; Stull, 2009). To this end, our study marks 

the first time that learner spatial ability has been shown to influence anatomy knowledge 

recall when using a commercial anatomical software program. Ensuring that both 

commercial developers and individual academics are aware of the impact e-learning tool 

design can have on different learners is essential in making e-learning tools and 

associated learning objectives attainable for all students.   

Chapter 4 extended our evaluation of the educational efficacy of commercial anatomical 

e-learning tools by comparing a simple, commercial 2D e-learning tool (A.D.A.M. 

Interactive Anatomy) to a traditional teaching method such as physically manipulating a 

skeleton. While this study confirmed that A.D.A.M. Interactive Anatomy does not 

disadvantage low spatial ability learners, it also demonstrated that, regardless of which 

joint is studied and the level of e-learning tool interactivity, commercial anatomical e-

learning tools do not provide an educational advantage over 2D textbook images, a result 

echoed in Chapter 3 (Table 3.3 and 4.3). Furthermore, the results of this study also 

showed that the performance scores that followed a visual-kinesthetic learning experience 

(i.e. physical manipulation of a skeleton) dwarfed the performance scores when students 

used a simple commercial e-learning tool or a 2D textbook image. The educational 

significance of these findings are noteworthy, especially considering that commercial e-

learning tools are often purchased based on assumptions that they are as effective as 

traditional teaching practices. Studies from Codd and Choudhury (2011), Keedy et al., 

(2011) and Preece et al. (2013) also found that anatomical e-learning tools did not 

provide any significant advantage over traditional anatomy learning methods, such as 

dissection and textbook images. However, unlike the study presented here, which 

capitalized on a cross over design (with an alternating order) to reduce bias, in order to 

assess the impact of commercial anatomical e-learning tools on knowledge recall, Codd 

and Choudhury (2011), Keedy et al., (2011) and Preece et al. (2013) used independent 

testing groups and a specifically designed, non-commercial e-learning tool. Furthermore, 
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all three studies tested spatially complex anatomical concepts, which often included more 

than one body system (i.e. vessels, organs, muscles and bones), or covered concepts that 

were difficult to teach due to inaccessibility during dissection. For example, Codd and 

Choudhury’s (2011) virtual model of the forearm included muscles, arteries, nerves and 

bones, while Keedy et al.’s (2011) virtual hepatobiliary model covered spatial and factual 

information regarding abdominal vasculature, the anatomy of the biliary system and 

anatomy of surgical liver segments. Conversely, our study sought to assess the 

effectiveness of a commercial e-learning tool for teaching simple anatomical concepts 

when compared to a traditional physical skeleton. This study clearly demonstrated that 

handing physical specimens yields major, positive impacts on anatomy knowledge recall 

about basic bony joint anatomy that a content matched commercial e-learning tool failed 

to deliver. 

While Chapter 3 showed that spatial ability impacts how well a student can recall 

knowledge from a commercial e-learning tool that enables multiple viewing angles, the 

results of Chapter 4 also suggests that low spatial ability may impair a learner’s ability to 

transform their anatomical knowledge to the contralateral side. The implications of this 

novel result could easily extend to textbooks and medical simulators, whose creators have 

the tendency to assume that if a student understands the ipsilateral side then they will be 

confident in their knowledge application and competent in skill execution on the 

contralateral side. The spatial results of Chapter 3 and 4 have implications for educators 

as well, and demonstrate that without considering factors such as e-learning tool 

selection, a student’s study strategies and potential test images, educators could 

unknowingly disadvantage low spatial ability learners. The results of this research serve 

to inform educators about potential biases that may be built into textbook images and 

simulators. 

Lastly, of particular interest across Chapter 3 and 4, is the reoccurring ceiling effect that 

happens when students use commercial anatomical e-learning tools to study the basic 

elements of human joints. Across both chapters, students attain a strikingly similar level 

of post-test knowledge following commercial e-learning tool use, regardless of what joint 

is studied or the amount of baseline knowledge learners have (Tables 3.5, and 4.5). 
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Remarkably, this ‘knowledge ceiling’ appears to vanish when the element of physicality 

is introduced into the learning session through the manipulation of a physical skeleton. 

As discussed in Chapter 4, the visual-kinesthetic learning that occurs while physically 

handling a specimen, and which is consequently absent during e-learning tool use, 

generates major positive impacts on anatomy knowledge recall. This effect, which others 

have hypothesized is due to reduced cognitive load (Jones et al., 2003; 2006; Minogue 

and Jones, 2006; Zacharia and Olympiou, 2011; Khot et al., 2013; Preece et al., 2013), 

has yet to be supported by peer-reviewed literature. In this respect, the suggested 

modifications to the dual-task paradigm described in Chapter 4 are critical steps forward 

in understanding if the benefit of visual-kinesthetic learning arises from a reduction in 

cognitive load or not.  

 

5.3 Implications in the Anatomical Sciences 

The technological culture of post-secondary institutions and the growing market for 

educational software have attracted a number of companies that have developed 

commercial anatomical e-learning tools as a solution to alleviate the strain on traditional 

cadaveric laboratories (UNESCO, 2009; Irby et al., 2010; Soliman and Karia, 2015; 

Trelease, 2016). The influence of popular student opinion and the need to set courses 

from one institution apart from others can lead to a pressure to invest in commercial e-

learning tools. However, assumptions are often made that such commercial e-learning 

tools have been designed, developed and evaluated to be cognitively and pedagogically 

appropriate for students (Higgins et al., 2000; Williams et al., 2004; Van Nuland and 

Rogers, 2016b). Yet, there is little evidence to suggest that educational software 

companies use summative and/or formative evaluations to test the instructional designs of 

their products or their learning outcomes (Williams et al., 2004; Van Nuland et al., 2017). 

The lack of peer-reviewed evidence regarding the effectiveness of commercial 

anatomical e-learning is particularly concerning considering their pervasive acceptance 

and often extended use within anatomical sciences curricula tools (Squires and Preece, 

1999; Van Nuland et al., 2017). The decisions regarding which e-learning tool to select 

often lies with the educators themselves, however many educators lack the experience, 
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technical skills and training necessary to evaluate the effectiveness of e-learning tools 

(Williams et al., 2004). Instead, decisions are made based on the marketing materials 

provided by the commercial vendors themselves and an educator’s perceptions (Squires 

and Preece, 1999; Williams et al., 2004; Holden and Rada, 2011; Van Nuland et al., 

2017). While it is unreasonable to expect that all e-learning tools be fully tested prior to 

implementation, there should be a practical expectation that they be tested within the first 

years of use, for the effectiveness that educators and administrators assume they have.  

The first contribution of this dissertation was to the modification of the Systemic Human 

Anatomy course at the University of Western Ontario, described by Attardi and Rogers 

(2015). While the authors of this study clearly outline the decision matrix used to select 

the commercial anatomical e-learning tool for this course, no assessment of comparative 

effectiveness was made, rather, Netter’s 3D interactive Anatomy was chosen based on the 

educator’s perceptions of usefulness. Although the use of a decision matrix goes far 

beyond what most educators undertake when choosing an e-learning tool, there remains 

the inherent assumption within the study that the commercial e-learning tools evaluated 

had been designed, developed and evaluated to meet the learning needs of the target 

population. The conclusions reached in Chapter 3 challenged this preconceived notion, 

suggesting that the unlimited viewing angles offered by Netter’s 3D Interactive Anatomy, 

and valued by Attardi and Rogers (2015), did not benefit all learners, and in fact 

disadvantaged those with low spatial ability. On an institutional level, the findings of this 

research contributed to a decision to cease Systemic Human Anatomy’s subscription to 

Netter’s 3D Interactive Anatomy.  

The theme of this dissertation has been to comparatively assess the impact of commercial 

anatomical e-learning tools to each other and to traditional visual-kinesthetic methods of 

studying anatomy. By doing so, this thesis has sought to provide a mechanism for 

educators to objectively and comparatively assess the learning tools they are considering 

for student use. To this end, this research is the only collection I am aware of that makes 

a direct comparison of commercial anatomical e-learning tools, and thus it provides an 

important understanding regarding the impact that commercial e-learning tool design, and 

our assumptions of it, can have on learner knowledge recall. By providing educators and 
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administrators with research-based evidence and an experimental paradigm for testing the 

comparative effectiveness of anatomical e-learning tools, it may be possible to moderate 

assumptions and diminish reliance on marketing resources used during decision-making. 

Examples of the impact of this work can be seen in recent publications; for example, 

Backhouse and colleagues (2017) and Bakr et al. (2016) recognized that simple e-

learning tools can be just as effective for teaching anatomy as more complex resources. 

Moreover, Backhouse et al. (2017) and Kijpokin (2017) acknowledged the importance of 

e-learning tool features that reduce cognitive load while maintaining usability. 

As demonstrated throughout this dissertation, the shortage of objective cognitive load 

evidence is an alarming commonality among learning tool studies. This body of work 

represents the first time that dual-task paradigms have been investigated as a tool for 

cognitive load assessment across different commercial anatomical learning tools. As 

such, the methods described in this thesis provide a new mechanism for educators to 

assess the cognitive load impacts on learning when using new technologies and 

multimedia resources, and may provide a tool for assessing cognitive load across 

different learning modalities with further development (Drake and Pawlina, 2017). 

 

5.4 Future Directions 

Although this dissertation is an important first step in understanding the impact of spatial 

ability on knowledge recall following anatomical learning tool use, and the impact of 

anatomical learning tools on learners working memory systems, there exist several future 

studies that could extend the generalizability of these findings. 

To understand if the benefit of visual-kinesthetic learning in anatomy arises from a 

reduction in cognitive load, a future study should seek to clarify if a modified dual-task 

design could be used to assess cognitive load differences across different learning 

modalities. In such a study, secondary task responses could be monitored through a foot 

pedal response to reduce structural interference. Furthermore, such a study should again 

test simplistic anatomical concepts and consider increasing the knowledge tests to 15 
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questions (rather than 10) in order to ensure a broader performance range, as many 

students were able to achieve 100% on the knowledge post-test when they used a 

physical skeleton to study. 

It is also the opinion of this author that other cognitive load researchers should consider 

directly measuring the working memory capacity of the participants they test. Though 

dual-task paradigms provide a relative measure of the cognitive load imposed by a tool 

on a specific learner, they do not provide a direct measure of an individuals working 

memory capacity itself. Rather researchers, including myself, have relied upon previous 

studies, which generalizes working memory capacities to be 7 ± 2 informational 

elements. Though these studies have suggested that there is a positive correlation 

between working memory capacity and science learning, the relationship of working 

memory capacity and cognitive load during learning tool use has not been investigated 

(Gathercole et al., 2004; Danili and Reid, 2004; Tsaparlis, 2005).  

Does a novice student’s working memory capacity limit their ability to learn anatomy 

from an e-learning tool, and could this explain the reoccurring knowledge ceiling 

following e-learning tool use? Do novice learners with a lower working memory capacity 

benefit from visual-kinesthetic learning experiences? Is lower working memory capacity 

related to an individual’s spatial ability? One task that may measure a learner’s working 

memory capacity is known as a digit span (Case et al, 1982; Conway et al., 2005). In this 

task participants see a sequence of numbers and are asked to recall the sequence correctly 

(either forwards or backwards), with subsequent sequences becoming longer. The 

average number of items that a person can repeat back in correct order immediately after 

presentation provides a measure of that learner’s working memory storage capacity. 

Understanding what a student’s working memory limitations are may help an educator to 

facilitate that student’s learning, for example by showing them how best to breakdown 

difficult anatomical and clinical concepts into more manageable pieces, known as 

chunking material, or by showing a worked example, which involves a step-by-step 

demonstration of how to solve to a clinical problem using anatomical concepts (Clark et 

al., 2006; Yuan et al., 2006). 
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Another future study is also warranted to verify the generalizability of the spatial ability 

findings presented in Chapter 4. By removing the visual-observation component of the 

methodology outlined in Chapter 4 and including both a left and a right skeleton of the 

ankle and wrist joints, as well as an even number of ipsilateral and contralateral images in 

the corresponding knowledge tests, it may be possible to further clarify the impact of 

sidedness and learning methodology on students with low spatial ability. Subsequent 

studies should also seek to test other anatomical structures/concepts that could also be 

affected by ipsilateral versus contralateral images (i.e. neck structures, musculature of the 

limbs). Studies should also be extended to include images like radiographs and CT scans 

which are also highly spatial in order to chart the effect spatial ability may have on 

applying anatomical knowledge to these imaging modalities. This type of research may 

help physicians and educators alike to understand why particular residents or students 

struggle with basic surgical procedures and their underlying anatomical concepts. It 

should be noted that future studies should not be restricted to the ideas presented here. 

Rather, this thesis, its limitations and its potential future directions represent new avenues 

for educational researchers to pursue. 

 

5.5 Conclusion 

One of the biggest challenges in education is the tendency to assume that new 

technologies are as effective, if not more so, than traditionally salient teaching practices. 

In the anatomical sciences, commercial e-learning tools have capitalized on these 

assumptions, and the adoption of these e-learning tools into curricula has rapidly 

outpaced the production of any objective evidence regarding their effectiveness. The 

inherent belief that commercial e-learning tools are designed and tested to be cognitively 

and perceptually appropriate for novice learners, and are comparable to traditional visual-

kinesthetic learning methods, were challenged by the results of this dissertation.  

Spatial ability was shown to be one important variable that impacts anatomical 

knowledge recall. Students with low spatial ability were uniquely disadvantaged when 

learning from the complex, highly interactive commercial e-learning tool Netter’s 3D 
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Interactive Anatomy, while their highly spatial counterparts were not, suggesting that 

simpler e-learning tools, which limit interactivity, are a more effective tool for a broader 

range of learners. Moreover, the results in Chapter 4 demonstrate that low spatial ability 

learners also struggle to apply their anatomical knowledge to the contralateral side of the 

body, specifically when they study using a physical skeleton of the ankle. This suggests 

that learners with low spatial ability need to study both sides of the human body to apply 

their anatomical knowledge effectively and that future textbooks and simulators may 

need to be designed with this in mind. 

The modality used to learn human anatomy was another important variable that impacted 

knowledge recall. The work presented in this dissertation showed that traditional 

textbooks images generated the same learning outcomes as commercial anatomical e-

learning tools. Furthermore, studying using a traditional physical skeleton that enabled 

visual-kinesthetic learning, generated significantly better knowledge outcomes than either 

traditional anatomy textbook images or commercial anatomical e-learning tools. These 

results suggest that traditionally salient teaching practices are sufficient for novice 

undergraduate students learning human anatomy.  

As a whole this dissertation suggests that the value of commercial e-learning tools cannot 

be assessed adequately on the basis of an educator’s, or a software developer’s, intuitions 

alone. Instead, commercial anatomical e-learning tools must be critically and objectively 

assessed against existing standards in order to justify their continued integration into 

undergraduate curriculums and subsidization by higher educational institutions.   
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Appendix F: Sample Anatomy Quiz Questions of the Wrist Joint for Study 2 

 

 

In	this	anterior	view	of	the	hand,	iden fy	the	bone	indicated	by	the	arrow.	

a) Hamate	

b) Ulna	

c) Pisiform	

d) Scaphoid	

e) Trapezium	

	

Iden fy	the	bones	that	ar culate	at	the	wrist	joint.	

a) Scaphoid,	lunate,	radius	

b) Scaphoid,	ulna,	radius	

c) The	first	row	of	carpal	bones,	ulna,	radius	

d) The	first	row	of	carpal	bones	and	the	radius	

e) All	the	carpal	bones,	ulna,	radius	

	

From	the	accompanying	picture,	iden fy	the	wrist	joint	as	the	skeleton’s	
right	wrist	joint	or	le 	wrist	joint.	

	

a) Right	wrist	joint	

b) Le 	wrist	joint		

	

Which	of	the	following	pictures	shows	the	radial	bone?	

a)	 b)	 e)	d)	c)	
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Appendix G: Sample Anatomy Quiz Questions of the Elbow Joint for Study 
2 and 3 

 

Iden fy	the	bony	landmark	indicated	by	the	arrow.	

a) Coronoid	fossa	

b) Olecranon	fossa	

c) Radial	fossa	

d) Intertubercular	sulcus	

e) Trochlear	notch	

Iden fy	the	bones	that	ar culate	at	the	elbow	joint.	

a) Humerus,	ulna,	fibula	

b) Scapula,	ulna,	carpals	

c) Humerus,	ulna,	radius	

d) Metacarpals,	fibula,	radius	

e) Humerus,	scapula,	radius	

From	the	accompanying	picture,	iden fy	the	elbow	joint	as	the	
skeleton’s	right	elbow	joint	or	le 	elbow	joint.	

	

a) Right	elbow	joint	

b) Le 	elbow	joint		

Which	of	the	following	pictures	shows	the	radial	bone?	

a)	 b)	 e)	d)	c)	
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Appendix H: Sample Anatomy Quiz Questions of the Knee Joint for Study 2 
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Appendix I: Ethics Approval Notice for Study 3 
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Appendix J: Sample Anatomy Quiz Questions of the Wrist Joint for Study 3 

 

 

 

 

 

 

 

 

 

Iden fy	the	bone	marked	by	the	arrow.		

a) Lunate	

b) Triquetrum		

c) Trapezium		

d) Scaphoid	

e) Pisiform	

	

From	the	accompanying	picture,	iden fy	which	aspect	of	
the	hand	is	being	viewed.	

	

a) Anterior	view	

b) Posterior	view	
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Appendix K: Sample Anatomy Quiz Questions of the Ankle Joint for Study 
3 

Iden fy	the	bone	marked	by	the	arrow.	

a) Medial	cuneiform	

b) Navicular	

c) Cuboid	

d) Talus	

e) Calcaneus	

From	the	accompanying	picture,	iden fy	which	aspect	of	the	ankle	
is	being	viewed	

	

a) Superior	view	

b) Inferior	view		
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