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Abstract
This study set out to investigatemputer simulatioas a mechanism to enharazultstudents

understandingf Anatomy andPhysiologycurriculum More specifically to determingne main issues faced
by this set ofstudentsand in what ways doe®mputer simulatiormprovethelevel of understanding of
complex curricula. T@ddress thisa series of-éessons wereasigned using the ADDIistructional
designmodel(Arktin, 2008) The research began by evaluatinggenulation software applications against
criteria derived fronGGagne's 9 Events afistruction desigiiGagne, 2008)Oncea specificapplicationwas
chosen a series of lessons were developed in line with action research rdited2000). During the
induction phasetudentsvere shown a series of dem@®rked examjgs)on how to use the simulation
software this approach wassedto reduce cognitive load on tstudentgWyeld, 2016) After the
induction,five instructor leadessons raoveraseverweekperiod wherebtudents created portfolios
using the simulation softwarEor this taskhe Biodigital simulation softwar&vas used as ¢hprimary
resourceStudents wereequired to carry out variousvestigations of systems in the baalyd present a
portfolio of workin the final class. The mixed methods apprgaduced both quantitative and qualitative
data.The quantitative analysis found students who participated isinidation lessons reported low
cognitive load scoreandreportedmproved understandingf the subject matteQualitative evidence from
the follow up surveys and tliecus groupshowedmoststudents had more enjoyablexperigcelearning
A&P using the Biodigital simulation software. The results from this study supports the use of computer
simuation for adultstudentsvho are returning to education or those who are less acadathardaced

with the challenge of learning complex curriculhere was evidence to support tieeof computer
simulationto address the learning difficulti@sth adult studentsn a given domaiminder specific

circumstances
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Chapter 1: Introduction

1.1Backgound and Rationale
The background to this studlates tahe difficulties adulstudentsn further education face

comprehendind\natomy and Physiology curriculur@urrently tlese type o€ourses argypically syllabus
driven,taught through convential didactic methods with limited student engagement and critical thinking
(Falasca, 2011 herationalefor the studywas to investigate howomputer simulatin can address

learning difficultiesassociatedvith this type of curriculumA comprehensive analysigas conductedf

learner experiences using computer simulatiomvith respect to concept formation avidws on the

learning proces¥ey indicators wee measurethcluding the impact of simulation software on learner
engagementhe capacity for concept formation, the visualisation of abstract matedtie application of

knowledge

1.2 Research Question
The research set outitovestigatethe effi cacy ofcomputersimulation as anechanism to aigtudents in the

comprehensioof Anatomy and Physiologyn particular adulstudentengaged in further education and

training courses. This topic is broken down into a series of sub questions:

1 How can corputer simulation address the difficulties associated with leaggmplexinformation?

1 How effective is computer simulation learningbiological concemwhich cannot be seen by the naked
eye?

1 What features of computer simulation best facilitate treprehension and applicationaiistract

knowledge?

1.3 Methodologyverview
Methodology is defined as, a way of thinking about and studying social reality and falls broadly into two

approaches namely, quantitative and qualitative. Method on the otltkishdefined as a set of procedures
and techniques for gathering and analysing ¢&tauss & Corbin, 2008 he research methodology was
informed by a literature review which explorége difficulties associated with learning complex information
and outlining the affordances of simulation in addressing ttiié$eulties. A mixed methodapproachwas

used investigating the effeat§ computer simulation lessons a target group of adult students. Lessons
weredesigned to engage students using the BioDigitadulation software. Observations of the classes
were ecordedandpostactivity questbnnaires were given to studentgather interviews were conducted
after the series of lessons took plagdocus group was also conducted with each gréupameworkto

implement best practiogas then specifiedased orthe findings

1.4 Roadmap and chapter outline
This study is divided into six chaptershe first chapter provides the background information, context and

rationale for the study. This is followed by the literature review which provides a summary ofrére cu

1 BioDigital is commercially available software that was selected after a comprehensive evaluation of various simulatatioagplic
11



state of knowledge on specific issues that relate to learning abstract inforraatiahe affordances of

simulation technology to address these issGéspter 3 describes the design of lesson pléush were

used to assess the effectiveness affmater simulation as a learning aid in tb@stext Chapter 4 describes

the methodology used to implement the simulation exercises descriBedpter 3. This chapter also

discusses the methods used to assess the learning experiences from participanltimes the analysis of

the data. Chaptér examines the results arising from the survestodentgproviding a discussion of the

main characteristics agtudentdefore progressing to estimate the impact of computer simulation against a

series of outome meaures.This chapter also examines thtedentdé per cepti ons with res,
advantages and disadvantages of computer simulation and views on the learning process and guidance
arrangements. Chaptebéginswith a series of conclusions based ba tesearch question, this chapter also

includesaframework to implement best practiard areas fdiuture research.
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Chapter 2: Literature Review

2.1 Introduction
The background to this study relates to the difficulties in learning and compieiérfdrmation which is

abstract and complex; padlarly Anatomy and Physiologyhe context of this research is to investigate
the effectiveness of teaching Anatomy and Physiologyudentsising computer simulation. Literature

will be discussed regding the ways in which computer simulation can address the difficulties identified in
learning this type of curriculum. The rationale for this literature review is to identify the difficulties in
learning Anatomy and Physiology, and the affordances canpumulation can bring in addressing these
learning difficulties. The aim of this chapter is to review academic debate and themes which relate to
computer simulation and the cognitive load difficulties associated with learning abstract information. This
review will begin by outlining various difficulties associated with learning Anatomy and Physiology, and
the barriers to comprehension currently in place. Literature on the cognitive load theory will then be
discussed, the limitations of working memorytie formulation of long term memory and how simulation
enables the efficient use of working memory. This review will then examine literature on conceptual
understanding of Anatomy, Physiology and meta conceptual awareness, and how this can be achieved
through visualisation and interaction. Computer simulation will then be discussed, and literature will be
presenteautlining the attributes of computer simulation as a learning aid along with the factors which
improve the understanding and application of caxgicientific information. The affordance of computer
simulation orlearning will then be discussethisis followed by a critical analysis of computer simulation
as a teaching aid aradidressingjuestions on the robustness of the evidence presentelily,Rima

summary will give an overview of principles covered, and how they can be applied to the design of a

computer simulation learning experience.

2.2 Current difficulties in learning Anatomy and Physiology
The aim of Anatomy and Physiology educatigfior studentdo reach a level of understanding of the

human anatomwhich enables them to use such concepts in prolsielving situations in their working
practice(Sodervik, 2016)A common issue for students learning Anatomy and Physiolotheis
perception of the subject mattezingdifficult to understand and abstrathisresulsin studentdeeling
overwhelmed and lacking in confidence to eng@&jarges & Maurer, 20189, Cimer, 2012070).

Students are often required to complete Anatomy and Physiology classes ashgaBeafuty Therapy and
Sports Therapgoursesbut often theyto lack the prerequisite skills required to transfer and build on
existingknowledge(Michael, 200738).

Typically, Anatomy and’hysiology students collate study material from a variety of static images (often
blackandwhite), textbooks, dissection manuals, and lecture notes. Developing a spatial understanding in
line with experimenting on real cadavers is not feasible in a typical Anatomy and Physiology learning
environment in further educatioA.common tealsing practice of Anatomy and Physiology tends to follow

a didactic approacWhichis syllabus driven and teacHead(Olson & LoucksHorsley, 200(p15,

Osborne & Dillon, 200$13). Consequentially students perceive AnatonuyRimysiology aseing

difficult to understand, with thimcuson rote learning facts, rather than applying the knowledge to practice

13



through highetorder thinking(Speth et al., 2019435). This approach limisgtuderts capacity to gain

cognitive dissonance, as they find it difficult to connect the topics to existing underpinning knowledge

(Cimer, 20122 70) . One of the main factors to | earning co
capacity tautilise working memory in an efficient manner. Quite a number of adwitentsn FET may

have been out of education for a number of years, and the amount of mentatgtfivetdto comprehend

the material is overwhelmin@ralasca2011)

2.3 Cognitive load difficulties associated with learning complex curricula
Coghnitive load is known as a model for the mental effort required in order to comprehend information. The

cognitive load theory relates to the limitations of working meni the formation of new information,

coupled with the capacity to function with lotgym memory associating it with familiar information. This
process gives humans the capability to acquire highly complex knowledge an(Pskibs& Ayres, 2014
Sweller, Ayres, & Kalyuga, 2011Yhis is a fundamental consideration when evaluating human capacity to
comprehend complex ideélBaas & Ayres2014) Working memory is a process often combined with short
term memory, where information is stored and managed in order to carry out complex cognitive tasks such
as learning, reasoning, and comprehen@@owan, 2009)Working memory enables the procegsi
information such as encoding, storing, and the retrieval of data from long term m&himstead,

Harrison, & Engle, 2016)The load on workingnemory is reduced through the development of cognitive
schemas. This is achieved through the process of storing and organising knowledge by grouping multiple
units of information into a single component with a specific fundficashima, 2000Q)

Expert skill development is mastered by the construction of higher level complex schemas through
encapsulating elements of lower level schemas into higherdelmhas(Chi, Glaser, & Rees, 1982)
When developed over a lopgriod higher level schema may incorporate vast amounts of information, and

the processing of this information becomes autom@adsok et al., 2003)

There are many quantifiable differences in cognitive load between a novice and an expert, most noticeably
the time to solution when problem solvifithis is down to the capacity of the individual to use working
memory. Thesigherlevel schemas are stored in related configurations in-teng memory, and the

method in which they are stored enables the efficiency of working memory, which in turvésitine rate

of comprehensiofGavens & Barrouillet, 2004)Vhen combined, schema construction and automation of
information processing results in a reduced load on working memory, which enabfegivticieial to

process information in a very efficient manner and formulate procedural knowledge by manipulating

existing knowledge structures which have been devel(fisdher, Greiff, & Funke, 2012)

However, studies on cognitive load theory suggest that the working memory cagachyisiavailable for
learning is not determined by task and learner characteristics alone. Aspects of the physical environment
have been shown to curtail working memory resources by unintentional monitoring of the environment.
Environmental effects increa the number of interacting elements whiakstbe processed in working

memory simultaneously. This creates high demands on working memory and is known as intrinsic cognitive

14



load. Simulation is a form of instructional design which can facilitate gerowgretive load, which is the
process of storing knowledge in long term memory. The instructional design used in presenting learning
content affects the extraneous cognitive load and it is imperative to reduce extraneous load when learning
complex informatbn (van Merri‘enboer & Sweller, 2005pne effective method of reducing extraneous

load is the use of video tutorials (or worked examples) showingogtefep procedures siudentsn a

structured format. This has besimown to reduce cognitive load and frustration levels in early learners
(Wyeld, 2016) Simulation is a form of instructional design known to reduce extraneous load by enhancing

information integration using iagery andvisual cuedo enableschema constructiofiReedy, 2015)

From constructionist learning theory, Papert acknowledges that setting and context are important factors for
an effective learning environmeg8tager, 2013) These factors highlight important design considerations
when combining the learning environment with learner characteristics and instructional strategies as
memory retrieval berfigs from a reduction in the cognitive load. Systemic understanding reduces cognitive
load and enablestudentdo become dynamic thinkers, in order to manipulate and apply concepts to various
situationg(Tanner & Allen, 2005)Teaching students to adapt and manipulate interrelated concepts as
opposed to | ear ni n gilitaterhighdevehleamningof corhpiex scientific an o6 f a

p h e n o (Mannea & Allen, 2005)Conception is a related issue for adiitdentsas cognitive load can

inhibit the cognition process leading to reduced levels of understanding

2.4 Concept formation
Having spoken about cognitive load theory, this discussion now moves onto the exanahktiowledge

conception. Conceptualisation enables cognition and understanding. This thought process involves

contriving new ideas or explanations and formulating them merfiailBessa, 20QZacharia, 200,/Saleh,

2011) Accurate conceptualisatias key when learning about complex scientific systems such as human
Anatomy and Physiology. The process involves the reconfiguration of prior beliefs (ontology) in order to
create new meaning, which is more specific and accurate to scientific (Gdwr$glotta, & De Leeuw,

1994) This is a complex task as pdetermined misconceptions can act as barriers to learning. They can
often remain throughout the | eleamingohcgmpexapder i ence ar
mul tifaceted s (Sodenik, 2FLa)The rpasom forothisasnhatdrior knowledge is the

f o un d a tthe assimifatmm andiconstruction of new khoe d gnd thus may interfere with the

learning of new concep(3anner & Allen, 200% It is important that the learner is presented with sufficient
ontological concepts of scientific theory to develop their conceptual understanding. One approach to this is
creating a learning experience that confronts the student with explicit informvattich conflicts with their

prior conceptual understandingsis phenomenois known as cognitive dissonance, it involves-self
reflection on attitudes and concepts and measures
understandingFestinger, 1957Aronson, 2000Ulrich, 1997P5).

Learning Anatomy and Physiology curriculum is a challenge, even anfieged student group&anner
& Allen, 2005) Due to the systemic nature of Anatomy and Physiology any misconceationscentral

phenomena have consequences for the practical application of the subject matter. Research has suggested
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that didactic teaching methods constrain students from investigating complex scientific phenomena and is
not the most effective method ftmaching scientific concep{Bransford, Brown, & Cocking, 2000
p2-23).

Kolari & Savanderranne interpretation of constructivist theory is based on learning being a cognitive
process unique to the individudlheir hypothesis is thatudentgain apprehension and comprehension of
scientific theory through experimentation, demonstration and visualisation. The visualisation process of
viewing models of relevant scientific representations greatly assistsatherlén translating more abstract
representations into less abstract representafikoiari & Savandetranne, 204p483491). Teaching for
understanding, including the process of conceptual change, and practical implications of such can be better
implemented through the use of simulation in teaching pra@mener & Allen, 2005)The use of

computer simulation in the teaching of Anatomy and Physiology also facilitates metaconceptual awareness
as studentsan visualise biological eventghich cannot be seen by the naked eye and they can interact with
models that represent various systems in the body. These types of practical experiments have been widely
considered essential learning practicedieisce education but only if the models are linked to scientific fact
(Juntunen & Aksela, 2013159161). To exploit the full potential of computer simulation students need to
have established fundamental under pinning knowleggeriments and simulations do not have the same
effects if the learner does not understand what they are doing andlaibgf, 2010P348351). For

example, when dissecting a heart, students must understand which anatomical structures to focus on, they
must aso understand the functions of the anatomical structures and how these structures work within the

cardiovascular system.

2.5 A systematic analysis of simulation
Simulation is a technigque for practice and learning whichficane p| ace and iencepwithf y r e al

gui ded ones, often Ai mmersiveo in nature, inbhat evec
fully interactive environmen(Lateef, 2010P348. McGuire defines simulationdsa per son, devi ce€
of conditions which attempt t 0 pr esent pr. Adinukatosexacise rageimed studeatd td y 0
respond to a problems as he or she would under natural circumst@ic€slghie, Siddall, Mazmanian, &

Myers, 200963). A computer simulation (or "sim") is computer generated virtudietnaf a realife or

hypothetical situation that enablstsidentdo study how a system works and virtually investigate the
behaviour of a system. Simulation is defiied he i mi t ati ve representation of
or process by meansbfh e f unct i o (MemanWebstera2013)Thie measure of realism in

simul aappmnoxir maét iisknowntas fidelitg. inlAmatopydand Physiology simulation there

are multiple levels of fidelity availabl&lost medical simulatiofrased software applications have fow

fidelity levels(Talbot, 2013) Computer simulation can enhance students understanding of abstract concepts

through the exploration of detailed graphi8® modelgOlympiou, Zaclarias, & deJong, 2013)

Computer simulation is popular in higisk professions such as medicine, and has been used sincé the 18

century(Bradley, 2006)Literature published on the PubMed database indicates that computer simulation in
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teaching Anatomy and Physiology falls into three basic categdiieees et al., 2014)

Category 18 Simulated Cadaveric.

A simulated cadaveric is a physical model of a human corpse used to show students how anatomical
knowledge is useful in medical work practice. Studies have shown how simulated cadaveriodissecti
provides a oO6purposeful and memorabl e way of | earni
methodqNutt, Mehdian, Parkin, Dent, & Kellett, 2012)

Category ® Simulator based education

Simulators have physical controllers which provide inpuhe simulation through direct manipulation by

the user. Often tactile feedback from the physical controllers are incorporated into the hardware to give a
heightened level of fidelity. Simulators are typically used in the training of surgical procedures

anatomical classdSeixasMikelus et al., 20@).

Category 3 Other.

There are many O6o0otherd types of medi cal-based mul at i on
learning simulation. This typically involves clinical cases presented to medical students based on computed
tomography scans, rgaatient clinical cases in the form of patient/physician history recordings, and

physical examination videos. Students must interact with simulation by answering a series questions based
onapredetermined problem.

These types of computer simulations igcally based on radiology images and involve techniques such as
image labelling, 3D reconstruction, and multiplanar reformatflngmezei, Tam, & Loughna, 20Q9he

virtual human dissector or the 3D stereoscopic images are used predominantly in modern anatomical
curriculum, and has been proven extremely effective in medicabéidn(Donnelly, Patten, White, & Finn,
200906 By r ne, Patry, & Carnegi e, 2008)

UsingAnatomy andPhysiology simulationstudentsan view 3D organs and other anatomical structures in
the body where they can magnify and explore the modelstailand view them from a range of
perspecires. Anatomy and Physiology simulations have a range of interactive fe&tudsntcan filter

out and isolate various components ofbey, usingunctions toreveal and hide layers of muscle, bone,
and nervesVirtual dissection tools can also besdswvhich enablstudentdo analyse and experiment with
various systems in greater detail. Otfestures of the software enalskeident¢o mark incisions in virtual
skin, reveal underlying tissue layers and manipulate these layers from different pe¥spant insert

labels or notes to these models for perseatiin and reflective practiddayer, 2005)

2.5 Affordance of computer simulation in the learning of Anatomy and Physiology
There are many research papetsch promote the affordances of simulations to develop deeper conceptual

understandingOlympiou et al., 2018587592, Andrews, Polack, & Sampson, 20@8-13). Anatomy and
Physiology computer simulators enable the conceptualisation of biological events that are traditionally
taught in a descriptive didactic form. Indetive simulation activities enhance conceptualisation by enabling
studentgo view human biological systems through a range of perspectives in a controlled environment, and
perform tasks that would not be possible without the use of techn@agiy& Belcher, 2005) Reattime

feedbacks also available through simulation apps which facilitate the comprehension and application of
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knowledge when compared to rééarning activitiegDe Jong% Van Joolingen, 1999192-195). There is

also statistical evidence to suggest simulation significantly improves concept assimilation among science
studentgMartinez, Naranjo, Pérez, Suero, & Pardo, 20Cbmputer simulation improves the
comprehension of vast amounts of infation through imagery which builds context and visual
perspectives of complex systef@acharia, 2007)3D computer modelling develops rich understanding
through visualisation when coupled with previouiggirned knowledggBlikstein, Fuhrmann, Greene, &
Salehi, 2012p299). 3D simulations can also animate complex environments in a simplistithiatrm

enables the visualisation of abstract functions of the human body (reducing cognitive load) in order to
develop conceptual understanding and the formation of new know(8dbsh, 2011 Kolari & Savander

ranne, 2004)

Engaging in direct manipulation of Anatomy and Physiology using 3D computer simulations is a more
effective method of learning than the passive viewing ofdintensional images on a static pdgeng,

Vitale, Jyung, & Black, 2016)Anatomy and Physiology simulati@oftware also enables the visualisation

of various clinical abnormalities in the body such as disease or genetic disorders. Some applications can
even animate the impacts of aging on the body over time. This approach has a distinct advantage for
learning,as the immersive nature of computer simulation has greater depth of visualisation and interaction
which enables a deeper conceptual understanding of complex inforitidgien, 2016) Anatomyand
Physiology simulation significantly improves assimilation as it enaletentgo interact with detailed
graphical representations of complex biological systems in a more engaging way than classic illustrations
and narrative descriptiorflssenberg et al., 1999Research byCai, 2014p31) revealed evidence to support
the use of computer simulation in teaching molecular biology, the results of the study showed the

intervention of simulation helped clarify understanding while increasing interest and engagement.

The development of cognitive #kiis demonstrated through implicit and explicit learning; implicit

knowledge is acquired directly from the environment and has a lower cognitive load during the learning
process than explicit learnirf§un, Mathews, & Lane, 20Q7)t is important to consider environmental

factors in the design of simulation exercises as these factors can distract from explicit learning. They may be
added in at a later stage in the development cycle as the learner becomes more advanced and has acquired
fundamental underpinning knowledge tape with multiple variables. An example of this would be the use

of computer simulation to teach skill based practices such as the operation of an aircraft through flight

simulation software.

Pi aget 6s theory of abstr actth soyfmbkonl oiwl erdegaes oansi niiga dperf
construction of logically embedded structures superseding one another by a process of inclusion of lower

less powerful logical means into higher and more powerful digéls’erthorn, 19991). Abstract symbolic

reasoning skills can be developed through computenaiion by deconstructing complex systems into less
complex minor systems and building up the complexity over time in order to develop higher level cognitive
schemagPsychol & Psychologist, 2015)Piaget's theory of constructivism is based on the principle that

humans produce knowledge from meaning based upon their personal experiences. The two key components
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of his theory are accommodation and assimitatAssimilating is the process by which an individual

incorporates new experiences into the old experiences and uses the new experience to formulate a new
outlook, and change their perceptions. Accommaodation involves conceptualising the new expeaitiences i

t he ment al capacity that is already present. The 0
must accommodate and set new expectations with the out¢Bragst, 1970Q)Computer simulation

develops conceptual and experiential practices necessary for complex skills development while maintaining

a safe and coralled environment for the learner. This facilitates operant conditioning which enables

studentgo experience consequences for their actions in a controlled g&kimgper, 1988)Feedback from

computer simul at i on stwentxepéndiagwa thedsibuationrandrthe inpuis théy give.

There is a great deal of research supporting the effectiveness of computer simulation in the classroom
(Falcon, 201®3). There are also a number dravksaidentified. Research has shown where computer
simulation is counterproductive if implemented incorre(flgrguson, 200p2). In the past it was argued

that biological 3D models had low fidgliand the approximation to reality was poor in truly reflecting the
scale and perspective of the real organ or system being shown. Quite often these early versions required
browser plugins or emulators to be jimstalled on the computer. This is no lenghe case as

advancements in computgenerated imagery (CGl) development tools and computer hardware have
enabled high resolution simulations to be accessible via a web browser on a range of[deffic2316)

It is argued that for inexperienced learners computer simula@ois k® information overload as users
experience cognitive difficulties with the additional task of developing the skills that enable them to use the
software effectivelfShrivastav & Hiltz, 2013)Fraser, Ayres, & Sweller claim simulated learning
environments are beyond the zone of proximal development due to the complexity and tactile skills that are
required to operate the models and carry out simulatectigpggsns(Fraser, Ayres, & Sweller, 2015)

Others argue that simulations are prone to being over simplified with a focus on specific procedures to be
learned, and givingtudentdree reign to experiment is not sufficienttiMut prior knowledgé€Alessi &

R.Trollip, 2001) For theseeasonsit is critical to contextualise the setting in which computer simulation is
usedto enhance the learning experience. If the audience is inexperienced itegsinglogy or they do not

have underpinning subject matter knowledge the load on working memory will be too great for the learner
to achieve the learning outcomesgkewise, if the scaffolding is too much and the technology is assisting the

learner the cosequence will have a negative impact on the learning expe(ido&enney, 20134-8).

2.6 Evaluating the effectiveness of simulation software.
With so many Anatomy and Physiology software simulations on the market it can beltdiffievaluate

each one individually as they all have merits and weaknesses. High resolution graphics and proportionate

3D models with high ydelity are not the most i mpor
simulation. Achieving learnemgagement requires a sense of immersion, appropriate visuals,

responsiveness, and a good narrafiManshi, Lababidi, & Alyousef, 2015 he decision to use computer

simulation must be determined by the educational objedfiWesg, 2010)In choosing computer

simulationsb t war e, educators often ynd that t (Ratbot,| e v e | 0
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2013) Currently the predominant use of technology in Anat and Physiology teaching is in the form of
presenting information to students in a didactic manner rather than engaging them in an active learning
experience. Evidence suggests a small minority of Anatomy and Physiology teachers in third level use
compuer simulations and animations to engagalentsaand develop conceptual understandi@gborne &
Dillon, 2008p20). This is not the case &f &vel or in further education. The role of technology in learning
is animportant affordance that requires a strategic vision and support from management in order harness
and develop deeper meaningful learning experigideans, 201@302,0sborne & Dillon, 200§23-27,
(Wang,2009)

2.7 Software evaluation and lesson development
For this studythe researcher evaluated 10 commercially availabs&omy and Physiologgimulation

softwareapplications An evaluation criteria was derived, and the task of finding the most ajgteop
package was undertakefhe evaludbn criteriawasderived from Gagne's 9 Events of Instruction design
model(Gagne, 2008)Appendix B). The simulation application needed to have key pedagogical attributes
to implement the design principles. Several key elements were evaluated apphcdtion, table 24

outlines the criteria used in the simulation software selection process.

Attribute Criteria Weighting %
Fidelity How accurate are the models and human systems to reality 15
levels

regarding scale, size and appearance?

Can models be animated?

Design How intuitive is the user interface? 25
Are the functions clearly labelled to inform students?
Can models be viewed from a range of perspectives?
Does it have a zoom function?
Can the systems in the body be isolated?
Can students save their work for retrieval?
How well does the application provide guidance to students?
Does the software have on line tutorials/streamed videos/ YouTube

channel?

Compatibility | What platform can the simulation be rn on? 20
How much RAM/computer memory does it require?
Can it run over a web browser?

Can students log in and retrieve/saved work?

Cost What is the cost of the software? Are there trial demos available? 15

Is there a group/class licence available?

Level of Does the software enable the students to carry out/practice virtual 25
inferaction experiments on the models?

Does the application provide learner feedback?

What is the range of interactive tools available?

Can learner’s record notes/label the models?

Is there an assessment / quiz instrument incorporated into the

application?

Figure 21 Software Evaluation Criteria
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Software was measured against set criteria and an overall score for each given. A breakdown of the scoring

is detailed imMAppendix A. Withan overall score of 90, the BioDigital humattps://www.biodigital.com/

simulation software was selected as the primary resource for the simulation lessons. Biodigital was
developed by BioDigital Systems in collaboration with the NYU School of Medicine, andigtarebuilt

3D simulation tool delivered in HTML5 and WebGL platform which can run via a web browser or as a
standalone application. The application is highly interactive and intuitive. Students can get feedback on their
models from online communities thugh the knowledge base, while the quiz feature allows students to test
their knowledge. The dissection and exploded view tools aid conceptual understanding through visualisation
and the YouTube demonstration videos can be used to reduce cognitive |laagrave the efficiency of

working memory.

2.6 Summary
This chapter has outlined the difficultistsidentdace in understanding the complex information in the

Anatomy & Physiology curriculum. Syllabufriven didactic classes were shown to compound the
difficulties in the formation of new knowled@®Ison & LoucksHorsley, 200P15). The concept of

cognitive load theory was discussed and the limitations of working memory was identified, and how this
impedes the formation of new knowledge and the comprehension pfecomformation. A strategy
supporting the implementation of instructional design in the form of computer simulation was then
suggested as a method to reduce cognitive load and improve conception and understanding of complex
curricula. The use of videotturials and worked examples was found to be an effective method to introduce
studentgo complex and abstract curricula. Cognitive load factors were then outlined, and how
environmental factors add to cognitive load and the importance of visual stimdlasarthis affects
cognition. The comprehension of abstract information was then defined as a grouping of a series of
information nodes together in a structured f¢Raa & Ayres, 2014)Rounding off the key issues facing

studentghe process of knowledge conception was discussed and how ontological structures are formed.

Literature was then presented highlighting the affordance of computer simulation tostudbigscarry

out virtual dissections on models as a means of conceptualising abstract information. The principle of

teaching students to adapt and manipulate interrelated concepts using computer simulation was presented as

a method of learning complex scientifibenomengTanner & Allen, 2005)The chapter then goes on to

outlinethe challengg of incorporating 3D simulation and constructivist activities into a conventional

classroom setting and the fundamental measures that need to be considered before implementing this
technology into teaching practicEhe chapter concludesth a detailed leakdown of théearning

experience and theiteriaused forevaluatingvarious simulation software applicatiothst weremeasured
against the design specification. The criteria for
(Gagne, 2008)The next chapter will propose a framework which aims to addressutientsrieeds when

conceptualising, visualising and comprehending compifatmation.
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Chapter 3: Design

3.1Introduction
The previous chapter reviewed literature which dealt with cognitive load theory and concept formation

difficulties encountered bstudentsn the comprehension of Anatomy and Physiology curriculum.

Compuer simulation was proposed as a means of improving the comprehension of complex of information

through imagery whicbuilds context and perspective (Cai, Y. 2014). Simulation was also shown to
promote the application of knowledge through virtual invetiiga of the system and organs in the human
body. This chaptedescribes the design of computer simulatésson plarased on the principled

instructional design to address tleporteddifficulties associated with learning Anatomy and Physiology.

3.2The Topic
The subject matter covered in the lesson plan is based étmehsational Therapy Examination Council

(ITEC) level 2 component award in Anatomy and Physiology. ITEC is a leading international specialist

examination board, providing qualityalifications in Beauty & Spa Therapy, Hairdressing, and

Complementary Therapies. Anatomy and Physiology is a mandatory module required on the ITEC Beauty

and Sports therapy diplomas. Computer simulation is not widely used for the teaching of Anatomy and

Physiology to adulstudentsn Further Education and Training (FET).

3.3 Designfactors

The design factors dwn from the literature revieare summarised in tablel3below.

Cognitive Load Worked examples used to
Theory reduce cognitive load in
(Sweller ,1988, Paas  Students.
F, 2003)

Cognitive load testing -

Task Load Index
Conceptualisation/ Simulation (Rich
Ontology Learning in realistic and
(Obitko, Marek relevant learning
(2006 2007). environment)

This principle involves
Constructivism students making

(Piaget, 1970) observations, doing
research to find out what
information is already
recorded, collecting,
analysing, and
interpreting data and
formulating anatomy and

physiology concepts.
Constructionism Create an artefact
(Papert, S. & Harel,  The process of learning
L. eds, 1991). by creating artefacts that

develop a cognitive level
of understanding.

Students view a series of videos demonstrating the use of
the simulation software. These videos will show various
systems in the body from the perspective of an end user of
the simulation software giving the learner a visual
perspective on how to carry out the activities in the lesson
plan.

At the end of the lesson students were given a cognitive
load test known as a Task Load Index (TLX) to
investigate the cognitive load on students (NASA, 1986).

Students were asked to carry out a dissection on a given
human organ. Computer simulation facilitates
manipulation and interaction with variables and
parameters.

Virtual dissection and animations illustrate conceptual
ideas in a simplified graphical form.

A series of lessons that engage students in conducting
simulations that promote the application of knowledge for
problem solving.

Tasks are given to students where they identify a part of
the body or system to investigate using computer
simulation and present the findings to the class.

Table 31 Design Factors
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3.4 Ouitline of the larning experience
The five kesson plans were developed by the researcher and implemented by the course tutor and the

technical hardware/software required was sourced and managed by the researcher. Classes were tutor lead
and the researcher started off lliming the goals and context at the start of each lesson. Throughout the

lesson delivery the researcher was observing and recording the activities of students and providing technical

assistance when required. The top 6 topics identified by studentspnetburvey were used to inform the

lesson plans and establish a list of topics to cover using computer simulatiahlee’?2.

Topics identified Frequency

Endocrine System 14
MNervous System 14
Lymphatic System 15
Muscular System 19
Digestive System 11
Cardiovascular system 9

Table 32 Lesson Topics

The lesson plan was set for 5 lessionsachvenue. The lessons ramggom 1- 2 hoursin duration over a

7-week period. The initial lessefor both groups was developed in line with the profile of the stud€hés.

topics for each lesson are outlined in table 3.3.

Lesson

Number

Topics

1

Lesson orientation
e Show demonstration videos on YouTube
e Login and investigate the various systems with Biodigital software

* Explore different viewing angles and isolate various organs in the model

Explore and investigate the Lymphatic System record and label various parts and save to your
portfolio.
If you have time continue to the Cardiovascular system and record and label various parts and

save to your portfolio.

Explore and investigate the Muscular System record and label various parts and save to your
portfolio.
If you have time continue to the Nervous System and record and label various parts and save

to your portfolio.

Explore and investigate the Endocrine System record and label various parts and save to your
portfolio.
If you have time continue to the Digestive System and record and label various parts and save

to your portfolio.

Finalise your portfolios and do a TLX cognitive load test.
Present portfolios to the class

Participate in a focus group session

Table 33 Lesson Plan
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Ori entation
During orientation students were given an informed consent fosigno(see Appendix Mnce this was

complete, students weshowna demonstration in class which provided information on how to access and

use the BioDigital simulation softwargl(E). Students were then showed several animated videos (worked
examples) on the BioDigital YouTube channel demonstrating the Biodigital software and its features (see
fig 3-1).

Figure 31 Lesson Orientation

After this, students were given the YouTube channel link anidws other online tutorial$his method

was used toeduce cognitive load while introducing simulation technology to the.clagschosen

examples demonstrated in class were in line with the topics that students identified irstinegys. Since

mog students used the web on a frequent basis, YouTube was chosen as the most appropriate medium for
showing these worked examples. Once the demonstrations were complete, students were encouraged to
search for other related YouTube tutorials on the BiodiyitaiTube channel (Fig-3). A full breakdown

of the worked examples shown in the lesson orientation are detaf¢xbendix E.

IE
BioDigital, Inc. \([1] Tube

Home Videos Playlists Channels Discussion About

e " —— BioDigital Human 3D Visualization Platform
BioDigital Human 3D Visualization Platform Ove.. @ & G

1,249 views 4 months ago

The BioDigital Human is the world's first 3D interactive
human body platform. Designed to power applications
across health and medicine, our medically accurate
virtual body map enables users to showcase their
products and devices; explore detailed anatomy,
fitness, and health conditions; and communicate
complicated health concepts through the unique
fusion of art, science, and cutting-edge technology.

> 70:04/ 1

BioDigital Human Demos & Talks

Figure 32 BioDigital YouTube Channel
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Once the demonstration was complete, students were lgigiendetails for the BioDigital application (see

fig 3.3) in order to start engaging with the software via the \Ade fig 33). Students were encouraged to

use the software to make observations, analyse, and interpret models and conceptualise Adatomy an
Physiology once they were deemed competent to work on their own. This gave students greater depth of
information than that gained by passively viewing two dimensional images on a static page (Gog &
Elsevier, 2006).

I BioDigital

HUMAN VISUALIZATION PLATFORM

8+ Sign in with Google

-F Sign in with Facebook

L} op———y Su

¢ bryan3@tcd.ie

Remember Me Forgot password?

SIGN IN

Need a Human Account? Sign up

Figure 33 BioDigital Login Screen

Fll Q. Soearch Human Library

|. BIODIGITAL HUMAN

Figure 34 BioDigital VLE

After the second lesson, whereby students developed their skills and competency in using the Biodigital
software, the class was instructed to carry out a series waMilissections on organs of their choosing. This

task was chosen to address the research question relating to the effectiveness of computer simulation in the
conceptualisation of biological eventdich cannot be seen by the naked eye. This method dfitephelps

to develop apprehension and comprehension of scientific theory through experimentation, demonstration
and visualisation (Reedy, 2015). Simulated experimentation also facilitates operant conditioning; students
can examine the function of a systbgnaltering individual components within that system and observing
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the consequences. At the end of the second lesson, a class assignment was given out. This task required

students to capture screen images of their 3D investigations and prepare a pdn¥olik for presentation.

3.4.1 Academic Support
Students had academic support from their tutor throughout the course, students were expected to be in

classes no less than 25 hours per week. Students could also contact the redemmglstage dhe project.
There was also direct support Biudenton the tutor lead sessigrad observation of student activities

was carried out by the researcher throughout the classes offering guidance and help to those who were
experiencing difficulty. Studentsere encouraged toew the ofine tutorials of the BiDigital software as

a knowledge base for key information pertaining to the use of the application. Sample models were also
available through the Biodigital application via the search func8tudentsould also access the-tine

community via the BioDigital support center

3.4.2 Task load index test
In the final classes both groups<114) completed the NASA Task Load Index (TLX) questionnaire. This

instrument was developed by NASA to asdess cognitive load in humans.HE matrix used combines the

sum of intrinsic load (how complex the task is), extraneous load (how the task is presented) and germane
load (how the learner processes the task for lear(iiapa, 2010Martin, 2014) TheNASA-TLX

instrument is a widely used, subjective, multidimensional assessment tool used to quantify perceived
workload to assess a task effectiveness or other aspects of performance. The test is conducted on line via the

TLX portal (see fig 35), available orhttp://www.nasatlx.com/

What is the NASA-TLX? | Leave Feedback Don't have an account? Sign Up Today!

BETA
in. Y

ogin. Yo s required as a unique

Figure 35 NASA TLX Login

For this study the researcher set ugdses on the TLX websiteaéh class was given login instructions
and a brief presentation was given beforehand outlining the format iefsthisee AppendiX). Theis a
series of selfeflective questions divided into 2 part$he first part relates to the total workload and is

divided into sixsubscales see (figq.
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Mental Demand: How mentally demanding was the task? INSTRUCTIONS:
Please rate all six workload measures on the left by
L] L1 clicking a point on the scale that best represents your
experience with the task you just completed.
Very Low Wery High
Consider each scale individually and select your

responses carefully. Mouse over the scale definitions
for additional information.

Physical Demand: How physically demanding was the task?

Your ratings will play an important role in the
evaluation being conducted. Your active participation
Temporal Demand: How hurried or rushed was the pace of the task? is essential to the success of this experiment, and is
greatly appreciated.

UJ—I—‘—l—l—l—l—lJ—lJJJ—I—l—l—l—l—‘ Click the Submit button when you have completed all

Very Low YERIELD six ratings.

Very Low

Performance: How successful were you in accomplishing what you were asked to do?

Please note that the Performance scale goes from
L1 Poor on the left to Good on the right.

Poor Good

Effort: How hard did you have to work to accomplish your level of performance?

Very Low HPIRIE]D SU B M'T

Frustration: How insecure, discouraged, iritated, stressed, and annoyed were you?

Figure 36 TLX Six Workload Measures

There is a description for each of the six subscales thatdsuckn read before rating each. Each workload
measure is ratefr within a 100points range with fpoint steps see fig & These ratings are consolidated

to give to the task load indekXhe second part of TLX test sets out to create an individual virggbit the

subscales by asking students to compare the workload categories against each other based on their perceived
importance. This requires the student to choose whidsurenmat is more relevant taworkload The

number of times each is chosen is the weighted score. This is multiplied by the scale score for each

dimension and then divided by 15 to get a waaklecore from 0 to 100, the overall task load index.

3.5 Lesson DesiglDDIE
The design model used to develop the lesson plan was the ADGUEI (fig 37). Thefive-phase

instructional systems design mo@eADDI E0 i s an acr ony nelopmnent, Anal ysi s,
Implementation and EvaluatioBach phase of the model has an outcome that feeds into subsequent phases.
The analysis phase is where the instructional goals and objectives are established and the learner profile is
defined. The design phase reldto the learning objectives and the specific exercises and learning activities

to be carried out. The development phase is where the content is assembled and prototypad) ésitar

refine the learning procedures. The implementation phase is thediessson plan is executed and the

conditions for learning are checked to ensure they meet the needs of students. The evaluation phase is
usually in 2 parts formative and summative, the formative evaluation takes place at each stage of the process
where @ summative evaluation is domain specific and criterion related that enables students to provide

feedback on the learning experience.
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L ADDIE MODEL k w

Needs, requirements, tasks,
participants’ current capabilities.

Awareness, knowledge, |
behavior, results

Learning objectives,
7 delivery format,
activities & exercises.

Training implementation, ‘ Create a protqtype, de.velop
tools in place, observation LouE m_atcnals, TEVIEW,
pilot session.

Figure 37 ADDIE Model
3.5.1 Analysis
The presurvey instrument was used to set the patarador the lesson design, it was also used to inform
the scoring on the software evaluatigrseries of questions on the topic of I.T usage and aspects of the
Anatomy and Physiology curriculum was asked. This was carried out to determine the genezatciref
I.T usage and to identify specific Anatomy and Physiology topics for the simulesi®ons (see Appendix
C). This information was used to inform the lesson desitpe. design principle used to investigate these
themes was taken from the 9 evaritinstructional design (Gagne, 20G&e Appendix BSimulation is a
form of instructional design that enables the acquisition of knowledge and skill more efficiently, effectively,
and in a way, that is more appealing to studéatietailed breakdown dhe results acquired from the pre

survey can be founith Appendix D.

3.5.2 Design
The learning objectives were derived from the syllabus and theupvey instrumeniConsultation with

teaching staff on the class time available and the lesson delietipds was conductedl.blended

learning approach was taken whereby students would engage in the computer simulation activities in class
conducting exploratory exercises using the BioDigital softwEnese exercises were designed to engage
learners irdirect manipulation of A&P models and exploratory learning which is known to improve concept
formation and assimilatiofOlympiou et al., 2013)Each lesson was betweet2 hours in duration and

learners were guided by a lesson plan for each class, this was not strictly enforced as to allow for self
directed learning in inahces where students wanted to explore a specific area of interest or difficulty.
cognitive load test was also incorporated into the lesson plan with students carrying out the test during the

final lessonThe learning objectives for each lesson areildetan table 33.
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3.5.2 Develop
Two pilot classes wereonductedas part of the development cyctme in each colleg&he specific aims

of the pilots were:

0 To determine the compatibility of the simulation software with the computer hardware andtinte
connection available in each college. This was done to select the most appropriate simulation software
to use.

0 To stress test the duration for each lesson and establish the boundaries of complexity (scaffolding) for
the lesson plans and determine evhapplication was most aligned to the needs of students.

0 To gather feedback from tutors and students to refine the lesson plans and set out the milestones to be
achieved in the classes that followed.

0 To refine the data collection methods and inform tlseussion for the focus groups.

The purpose of the pilot study was to critique the lesson plans and review the design process identifying

areas for clarification prior to implementation.

3.5.3Implementation
The implementation of the design was careetion a phased basis, following the action research lifecycle.

In the first phase? pilots were conducted to refine the lesson plAnsevaluation of the teaching facilities

took place prior to the investigatioBoth colleges had computer facilitiesglace and the BioDigital

software was compatible with the web browsers and hardware available in both logdgttbrspoint of
introducing computer simulation, students completed approx. 100 hours of the curriculum delivered through
didactic teaching nthods. Thus, students had developed a foundation of underpinning knowledge of the
Anatomy and Physiology curriculu@uring each class studesuttivities were observed by the course tutor

as well as the researcher and a formative assessment rubric wés eegtdire the behaviour of students

when conducting the exerciséd.the end of the final lesson students were given a TLX cognitive load test

and asked to reflect on the portfolio exercise when completing the test.

3.5.4 Evaluate
The evaluation procesf thedesign was conducted during the pilot phase. Feedback was gathered from

studentsand tutors during the pilot based extrinsic themesOther methods used in the design evaluation
wereclass observationsglata logghat monitorecengagementand aalysis to the literaturd survey

instrument was derived from the ECAR Study of Undergraduate Students and Information Technology
(Brooks, 2016) This instrument consisted of two sections. Section 1 consisted of 20 question&enm a

scale. Section 2 consisted of 7 questions in open ended descriptive form that asked about specific details of
the learning experience and the strengths and weaknesses of using computer simulatroatiodear

Anatomy and Physiology.

3.6 Participants
The participants in this study were recruited from the Sports Therapy ca€ollege of Further Education

andanEducation and Training Boar&{B) Training CentreThe class size in both colleges was 15

students, angarticipants were aduttudents (over 18 yrs) who were undertaking one of the aforementioned

courses, and who agreed to volunteer as a participant in the project. The main issues identified by tutors
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relate to the complexity of various systems within the human body and informaitignalbstract. FET
studentsare often out of education for several years or they moabe academically inclined@hese factors
lead tostudentdeeling overwhelmed by the volume of material on the syllabus and they find the complex
curriculum confusing(Community College Research Center, 20T4g current teachingpproach is quite
disjointed from theotherpractical sessionsn the coursesndstudentsstruggle to adapt to the change in
lesson delivery. These issues are leading to poor learner engagement-aathplations (Those achieving
full certification). The sample groups had varying levédlgualifications and experienc&tudents were

actively involved in the learning activities as part of their regular curriculum hours.

3.7 EthicalConsiderations
Ethical considerations limited the study in some ways as the class were working through cetiied

which limited the time available in which to carry out the research. Prior to commencement of the research,
consent was granted from the Board of Management in each college. Consent and information forms were
also circulated to all teaching stafivolved in the study and signed sheets were collected. Students were
informed about the project at a presentation by the researcher in class, the researcher explained the purpose
and the use of data collected in the project. Students were also giversitidorforms detailing the

purpose of the study prior to signing consent forms. Electronic audio was used to record the responses from
the participants in the focus group discussion and the teacher interviews. Throughout the surveys / focus
group sessionsgpticipants were offered the opportunity to refuse to answegaestions if they wished to

do so. Ethical approval for this project was granted by Trinity College Dublin Ethics Board. The

Information Sheets and Consent Forms for the board of manage&hefents and Teachers are available to
view (Appendix.M).

3.8 Summary
This chapter has described thesign procesdrawing from the literaturé’he ADDIE instructional design

modelwas used to develop the learning experiembe.implementation dhe simulatedearning
activitieswasthendescribedhs a method of addressitigg learning difficulties identifiedn the literature

review. The task load index test was then outlined as an instrument to measure cognitive load in students.
The evaluation mrcess of this design lifecycle was then outlined detallimg extrinsic methodsvere

used to implement design principles which ainmedddress e a r meedsTdexaim of the research te

examine howcomputer simulatioganimpact onthe cognitive loaf studentsandthe effects on

conceptualing complexsystems in the human badihe next chapter will describe the research

methodology anthe data collectiorprocess fothe study.
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Chapter 4: Research Methodology

4.1 Introduction
A mixed methods ggoach wa chosen for thigvestigation;studies were carried out arseries of

computer simulatiofessonghatwere designetb enga@ studentgo conductvarious investigations on
human anatomy using ti&oDigital simulation softwareObservationsf the classewere recorded using a
formative assessment rubdada focus group was conducted with each grdupeaend of the lessons.
Postactivity questionnairesierealsogiven tostudentsand teacher interviews were condudteeneasure
theimpactof the lessonsThis chaptewill now discus the methodologyn further detail outlining the

advantages and disadvantages of each appevatthe data collection and analytsiat took place.

4.2 Research Question
The research questions focus ondhehe effects of using simulation software in the teaching and learning

of complex abstract information, in particular Anatomy &hgsiologyfor adultstudentengaged in further
education and training courses
This topic is broken down into a series ob sjuestions:
1 How can computer simulation address the difficulties associated with leaorimgexinformation?
1 How effective is computer simulation learningbiological concegwhich cannot be seen by the
naked eye?
1 What features of computer simulati best facilitate the comprehension and applicatiabsfract

knowledge?

4.3 Setting & Time
The study was conducted in two separate colleges of further edugstigurove the validity and reliability

of data.Lessons were deliveréd classrooms witlappropriate IT equipment to run the computer simulation
apps.Each class consisted of $tidentsand there were ®6songlelivered in each collegaver a7-week

period. Each lesson was approximately 2 hours in duration and the first lessptat®oknTuesday 28

February2017 and the final lesson was concluded on Monday 10th &pfl7. Each student had the use of

an individual comput er a nTthe sBoms ase mad intavaetiveewHieasds s ma | | er
and audio equipmeirihat was usg toinstructstudentson the use of the and the features/resources

available Studentavere given login details of the Bigital softwareduring the first lessowhere they

could engage in learnirmn their own time

4.4 Pilot Investigation
Two pilot investigationsvere conductetb identify areas of improvement and to identify possible

difficulties the students may encounter before the legplonwas implemented. This process helped to
determine the threshold of the lesson plamd to stress te#fte duration and boundaries of complexity for
each groupThe pilotswere conducted in each location to determine the compatibility of the simulation
software with the computer hardware availal¥gstem compatibility tests were also conducted to establish
thenetwork speetb determine the load time of each 3DE on each computeEarly feedback from

tutors and students helped to refine the lesson plans and peteutf the lessons and tndestones to be
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achieved over the weeks that follow&bhme tehnical issues were alstentifiedwith such as the

availability of headphones for the students, login detarl$he studentandsetup times. The process of
getting the demonstration PC to play audliothe classroom speaker system alas addresseduring the
pilot sessionsThe difficultieswhich were highlighted during the pilot test phase were rectified prior to the
data collection phase. The main logic fising action research methodsswadevelop converging lines of
enquiry from different dat setdo produce a quality formative evaluation thaduld leadto a more robust

learning experience.

45 Research design model
Data was collected over a series of 5 lessons with 2 groups @weeakperiod. The data was both

structured and unstctured form and a series of coding exercises was carried out to prepare the data for
analysisThe research modelas broken down intepecific domains to ensure the data addressed the
research questions and each stage was informed by outputs fromggésThe methodology followed
action research techniqueterean iterative process of investigatioocurred andctionwastaken to solve

a problemMills, 2000). Without a control groupthe construct validity was strengthened through multiple
converging lines of enquingtudent engagement was captured uaiftgmative assessment guideline

FAST SCASS (Heritage, 2012)fter the pilot stages series of computer simulation lessons were
conductedand the researcher observed learner activities and recorded the data using a formative assessment
rubric (seeApperdix F). Onthefinal lessona focus group lead by the researaas conductewith each
class A TLX cognitive load test was also given during the final lessatudentsvho participated in the
study. This test provided a dataset that measured caglutid categorised undsgverakub headingésee
AppendixN). A postlessonsurvey was also given studentswhich gave significant qualitative

information that identified various strengths and weaknessasngbutersimulation.Teacher interviews
werealso conducted after the lessons wigele insighginto the timing of the lessons and suggestimms

the implementation of computer simulation futurecourse.
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Class Observations

Qualitative Post Lesson Surveys

Investigate the effects of

simulation software in the Focus Groups

teaching and learning of
complex abstract
information

Quantitative Student Portfolios

Cognitive Load Test

Figure 41 Research Design Model

A detailed breakdown dhe researchctivitiesis listed below:

Classes were tutor-lead, the researcher observed and recorded the sessions providing technical
assistance when required.

Students created portfolios of work using computer simulation software.

Post lesson student survey- This survey was derived from the 2016 ECAR student study, (Brooks,
2016).

At the end of a series of lessons a focus group lead by the researcher was conducted. These focus
group sessions were semi-structured discussions around the effectiveness of computer simulation
on addressing the difficulties (topics) identified.

Cognitive load testing was conducted on students using the NASA Task Load Index instrument
(Nasa, 2010).

One-to-one interviews with tutors also took place after the final lesson.
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46 Collection of Data: Qualitave and Quantitative Methods
A description of the data in each of the fields is showtable4-1 below.

Instrument Data Sets Purpose

Activity reports from VLE Reports on the content that was | Measure of behavioural responses

viewed in each class and time | to using simulation software and

spent working on portfolio. indicators of motivation and
engagement.
Class Observations Discussions with students Qualitative evidence to validate and
during class activities, triangulate data.

researcher’s notes recorded in

formative assessment rubric.

Student Portfolios A series of models taken by To collect evidence of concepts that
students that reflect the students identified as having effect
learning experience. on their knowledge formation.

Portfolio images display the visual

impact of the software on students.

Focus groups Transcript of focus group Qualitative data to confirm findings
discussion (Audio recording) and determine the strengths and
and coding of topics covered. weaknesses of simulation software

for learning complex information.
Subjective opinions of the used

students to address the research

question.

Post lesson survey Responses students measured | Measures learner interest and
using a likert scale and open enjoyment, perceived competence,
ended survey questions. strengths and weaknesses of

simulation.

Qualitative evidence to strengthen

integrity of data.
Cognitive load test TLX test Scores Measures cognitive load index
Teacher interviews Informal interviews with Teaching perspective on computer
teaching staff who deliver simulation. Qualitative evidence to
A&P to the sample groups. strengthen integrity of data.

Table 41 Data Collection Methods

All datawasanonymsed and treated using the qualitative techniques. All data collegtsdtored on an

encrypted and password protected USB device throughout the learning experience to insure confidentiality.
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4.6.1 ClassObservations
Classroom observains werecarried out by both the teacher and the researcher, the observer in each

instance was theon-participatoryparty in the clasddavingdelivered 10 weeks of classes to students prior
to the simulation lessortbe course teacheouldquickly idenify any unusual reactions from the students
while using the softwaré&/ideorecordings were not used in this reseansteadclassroom bservatios
werecarried outaking notes during the sess#After each class, the researcher populated the formative
assessment rubritased on the notes accumulatedlass AppendixF detailsa populatedormative

assessmemtbric. The main advantages and disadvantages of classroom observation are detailed below.

The advantages of classroom observations: The disadvantages of classroom observations
e A detailed account of classroom activity e There is a possibility of bias from the recordings '
e Greater insight into student activities and the as information is recorded in a subjective
context of the phenomenon manner.
e Can capture what people do as opposed to what e A conflict in recording or distraction if the
they say they do researcher is engaged in classroom activities
e Allows the researcher to record information e There can be an impact on results in the presence
pertinent to their research questions of an observer.
e Combined with VLE records to strengthen the
integrity of the data

The advantages of classroom observations
To overome the disadvantagdsoth researcher and teacher combined rastdshad open discussioaisthe

end of each claga orderto reflect on the outcomes and accurately recorald&sroom observations.

4.6.2 Activity reports from VLE
Students were loggeth their activities with the VLE and the quizzes they took were measured and later

analysedor the research. The VLE generated reports for each class, the intormatihese reports was
limited, participant engagement with learning activities were nreadoy the time spent on each activity.
This was coupled with thebservational data to inform conclusions and address the research question. A
sample activityog is shown inAppendix G

The main advantages of a VLE logs The drawbacks of a VLE logs
e Measure learner activity to inform lesson design | ®  Does not connect with students lacks the
¢ Non-invasive methods of measuring learner depth of observational data.
activities e  ‘Activity’ does not translate into
e Can record a multitude of activities understanding or learning
simultaneously and produce quantitative data e  Validity of data — login details can be shared
sets no way of telling (without using biometrics)

who logged the data outside the classroom.
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4.6.3 Student portfolios
Throughout theseries of classes stutts producedariousmodek captured from the Bidigital VLE.

These models were from the learner investigations and were saved urataedéme profileon the

BioDigital app Theartefactsarea very rich source of datghich wereexamined by the researatto

measurehe level of competenatemonstratetly students in using the Biodigital application. This evidence
informed the responge the research questiohhis task was giveto identify the features of computer
simulationwhich enablesstudentsexperience greater interaction and engagemétiit complex biological
systemsThe portfolio was unique to each learner as the images and videos taken were specific perspectives
or angles of the 3D models that capturedrtbencept of new information.X&ads from students portfolios

are providedseeAppendixL).

The main advantages of a portfolio The drawbacks of a portfolio
e Individualised artefacts that represent students e Time consuming to complete and may distract
work students from other areas of study
e Portfolios promote student communication ¢ Difficult to grade/mark
during classroom sessions e Validity of work outside of class time

e Offers students the opportunity to showcase
their achievements

e Measures a wide range of skills

4.6.4 Postlesson survey
A postlesson survey derived frothe ECAR Study of Undergraduate Students and Information

Technology(Brooks, 2016) Thiswas given to studentd the end of the last lesson in order to evaluate the
perception of computer simulation and identify the effects simulation had on leAmatgmy and
Physiology.Questions were developed and phrased in language that was familiar to the audience and the
number of questions was kept under B%e survey was designed in 2 parts. Part 1 considt@@ questions

on alLikert scale The range of the scale was from Strongly Disagree up to Strongly fsge&ppendix

H). Part2 consisted of 7 questions in opended descriptive form that asked about specific details of the
learning experience and the strengths and weaknesses of using computer simulation to leAnatdoyt
andPhysiology.Once completghe results of both surveys were recorded by the mesermand transferred

into a spreadsheet for analysis. Assistance was given by the course tutor on each class to validate data

captured from each questionnaire to that in the spreadsheet.

The main advantages of a post-lesson survey The drawbacks of a post-lesson survey

e Practical, cost effective solution to gathering e Misleading/dishonest information provided by
information from students. respondents who may have hidden agenda

e Allows information to be gathered from large e Students may misinterpret the questions
groups efficiently e Clinical approach — lack of personalisation

e Students can remain anonymous and without
pressure (unlike interview)
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4.6.5 Focus Groups
At the end of the final class each group \waked to participate in a semi structured focus group interview

that was conducted by the researcher. These sessions were held in the classvoen®28480 mins in
duration. Each focus group was recorded by the researcher and the group were maoletiagvacelio
recordingthe transcript was stored on a password protected dd@¥iegehemes for the focus group were
derived from the research questions and the transcript frore¢bedings was coded to formulate analysis.
A detailed list of questionssked on the focus group can be foiméppendixJ. The purpose of théocus
groups vas totriangulate data ankceivedetailed informatiorirom the studenten the learning experience
that was not captured from the post lesson surveyer to holdingthe focus group the formative
assessment loggerealsoanalysed to identify potential gaps in the data that coulttbieved through
focus group topicOne of the aims set out on the focus group sessiontvessess whether the
participants felt thatheinstructionaldesign elementsf computer simulation addressthe difficulties they

faced in learning.

The main advantages of a focus group The drawbacks of using focus groups
e Minimal cost to implement e Results can be influenced by dominant
e Short time-frame involved participants
e Rich dataset of detailed information e Participants may not be representative of
e Allows for a range of topics to be covered in a population
single event with multiple users e The group dynamics can be an issue as class
norms may exist.

In this instance the focus groups provided rich qualitative feedback that informed the researolvidad
evidence to strengthen integrity ddta.Both directedcodingandopencoding were usefSaldana, 2012A

transcript sample of theoding can be seén AppendixK.

4.6.6 Teacher interviews
Post lesson informal interviews with teachers to get insights into the best method of implementing

simulation technology for A&P teachingieachingnsightson computer simulatiowas usedo support the
integrity of the data

The main advantages of a teacher interview The drawbacks of a teacher interview
* Good personal contact and level of e Time consuming and can be inefficient
understanding e Arability of the teacher to conduct the
e Can elicit opinions that may not be appropriate interview
in a group setting e Anonymity of the interviewee
e High level of detail’/honesty
e Questions can be planned in advance

4.6.7 Cognitive load test
The NASA TLX test(Nasa, 2010yas given to studenta the finalclass to measure the cognitive load
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index. Students were instructed to reflect on the portfolio task in answering the questions posed in the test.
The results of the tests were measured against typical TLX scores w@ssupting matrix provided on the

NASA website. Thignformation was useds a proxy foinvestigating the nature of the workload imposed

by the task.

The main advantages of a TLX test The drawbacks of a TLX test

¢ Quick and easy method of estimating workload ¢ Post hoc measurement — the measure is after

on the working memory of the end user the event relying on the learner to reflect their
e Used to inform instructional design and practice

improve VLE e Subjective ratings of the learner — a heightened
e Benefits designers and end users sense of self awareness is often required to

carry out the test effectively

e Sub-scale ratings could be repetitive

4.7 Data Reliability and Validity
The reliability and validity bdata from this study was enedrby tle triangulation otonvergentata

collected froma variety of sourcedn thiscontext,a process whereby thesults ofoneresearch instrument
werecomparedgainst the resulfsom another instrument his process improvegatavalidationandhelps
expain the complexitie®f humanbehaviour This strategy olusingtwo or more researdhstrumentsvas
increasd theoverall reliability and validity of thelata

4.8 Data Analysis
Variousapproachewere taken to analyse tdatataken from varioupergectiveso ensurea complete

book of evidencevas formedo address the research question
Quantitative data

1 VLE logsi Logs of student activity using the Edaital software was recorded to measure
engagement and evaluate the duration it giakentdo carry out the activities.

9 Student portfolio§ Student portfolios were studied to determine the evidence of concepttutients
identified as having effect on their knowledge formation. Portiolialelsdisplay the visual impact of
the software ostudents

9 Cognitive load test TLX scores were analysed to establish the cognitive load scorgetad
breakdown of thevorkload index for each learner.

Qualitative data
9 Classroom observatiofisBoth the researcher and teacher took observational noteadoTEL class.
Themain purpose was to monitor and recordléwels of engagement and identify the strengths and
weaknesses of the technology. At the end of the studyldesroonobservations were compared to the
post lesson feedback surveys as a ot ensuring the validity of the data.
9 Postlesson surveysThepost esson survey was used to gather
engagement and educational experienitessurvey also collected information on a range of objective

and subjectig outcomesThis data was used investigate the specific effects of using simulation
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software in the teaching and learning of Anatomy Rhysiology Questionsalso askedtudentdo
identify thefeatures of computer simulatidihatbest facilitate the comprehension and application of
abstract knowledge

9 Focus groups Both focus groups were conducted on the last lesson of each group with over 40
minutes of discussion recorded. The transcripts of the focus groups were hand coded using open and
directedcoding. The open codindrewthemes from the transcriptscétegorieemerged from the
directedcoding

1 Teacheinterviewsi The purpose of the teacher interviews was to capeeeer insights into student
behaviour and behavioural changes within eackgrThe teacheuldgive perspectives from the
class based on their experience with each group. This information was used to measure the effects of
the lessons and identify specific teaching methods that could be used in conjunction with the software.

The final phase of the datmalysisinvolved investigating correlations betwetie quantitative and
gualitative dataThis was carried oub triangulate findingsandto ensurehe validity of data and identify

areas for future research.

4.9 ResearcheBias
In order to condudhis researchthe researchayperated in aRET College and an ETB (Education and

Training Board) Training Centrelhe researchas employed (circa 2008)y SOLASthe Further
Education and Training (FET) authority of Irelafithe area of simulation is of personal interest and the

researcher is an advocate of the use of technology in learning.

4.10 Summary
This chaptedetailedthe research methods usattidata collection instrumenisiplementedo address the

research questian this study The qualitative and quantitative data collectivethodsverealso discussed
and the rationale was outlined for this approdtte next chapter wilpresent and discusise analysis of

each data séh the context ohddressinghe researtt question
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Chapter 5Findings and Discussion

5.1 Introduction
This chapter presents the findings of the research methods outlined in the previous chapter. The analysis of

the observational data is first discussaud extracts from the formative assesahrubric areéhen

presented. The chaptgoes on to discuss student portfolios and the cognitive load test scores. Fhe post
lesson survey is then presentede Thapter then examine the results from the focus groups, showing
samples of open and directeading of transcripts and the findingsediscussed. Theextsection discusses
the teacher interviews and unexpected findings. The chapter concludes by highlighting limitations of this
study, and possible areas of future research.

5.2 Class Observations
The researcher observed two tutor lead classes prior to the simulation pilot S&=sadpendixF). This

was carried oub determine the teaching methodssources used and to observe the class dynamics. The
TEL observations were carried out by otite researcher and the tutor on each course. From the outset
students appeared engaged and excited to use the simulation technology 8etksdstudents in both

groups had never undertaken ahéarning lesson before. Every student had a Hasiededgeof I.T, and

was engaged in web activities on a frequent basis. Once students had developed a basic competency in using
the Biodigital application thengagemerievels rose. For the most part the learning wasdedtted with

tutor guidance, and aarious times throughout the classes, students would comment on the effectiveness of
the simulation for learnind=rom the starstudents were focused on creating their portfolios and were

sending each other links (share feature in the app) to modelsatayeatedThere were occasions where

some students appeared distracted and were browsing irrelevant websites, playing games and watching
peripheral YouTube videos. These distractions were a consequence of the learning environment and
reflected the ingxerience of students or lack of motivation to engage irdsed€ted learningThere were

also observations of collaborative learning taking pl&oene students areaskng their peers foppinion

and advice as they were putting together their portfolmsseveral occasions students were sharing their
portfolio images with each other using the share tool in the BioDigital intetfaoae of the groups, a
competitive atmosphere was evidaptar the ends students became more proficient in using tfievace

and exploring the advanced featuhen presenting the portfolios students wateculating the details

about the models they created and the class were engaged in asking questions and sharing experiences

during the intervals.

From observing bbtgroups, it was evident that there were higher levels of engagement in the classes which

used the simulation technology. There segeralsuggested reasons for this detailed below:
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e Simulation technology is conducive to learning the A&P syllabus by means of interaction and
feedback.

e These learning activities enabled more dynamic collaborative work among students

e C(Classes were less structured and the open to self-directed learning.

e Students could construct models which developed skills and deeper understanding through enquiry
based learning and the application of knowledge.

e Students showed more signs of excitement and motivation to learn during the computer simulation
classes.

e Students were more confident about speaking to the class about their models, and how they related

to the syllabus and what they learned from the activity.

It was clear from the observational evidence that computer simulatismflbenefit in the learning of
Anatomy andPhysiology among adult learners in FET. In general, the responses from students was very
positive and there appeared to be a consensus among the group that computer simulation gave a greater

perspective on humahinatomy andPhysiology.

5.3VLE activity
Logs of student activity using the Biodigital software were recorded to measure engagement and evaluate

the duration it took learners to carry out the activities. In both instances, these VLE logs were $inthited a
systems were not designed to monitor user activitetail Web browser logs were used to identify the

Biodigital web pages each learner visited and the duration spent on each page. Specific mouse clicks or key
inputs were not recorded but the widual artefacts which students createdensored under the user

profile. In generalmost students produced32models varying in detail from highly descriptive notes to

basic views of anatomy from a specific perspeciiere were also internet logs femail and gaming

websites from a minority of students, these sites were outside of the prescribed list and were evidence of the
distractive environmental factors with on line learning. These issues were minimal and no major time was
logged in these dorires. Thelog times showed the average time spent for each stadestructinghe

portfolio was betwee2-3 hours. 3 of the students were recorded as saving models outside of class time but
moststudents worked on the software during the scheduledtatass.An ext ract from a stu
log is available in Appendix G.

5.4 Student Portfolios
Student portfolios were examined to determine the models which learners identifitdeacingtheir

knowledge formation. Portfolio images displayed the \Visnpact and perceptits of the software on

learnersin every case students took discrete views and angles of models they had created for their own
reference. There was quite a variance in the systems chosexaRgule the sports therapy students temde

to have more examples of musculoskeletal systems as this featured a lot in their syllabus. The cardiovascular
system was another system which many students chose to investigate. There were also examples of
dissections, cross sections and exploded orgamsiny of the portfolios which demonstrated advanced

levels of interaction and exploratory learning activities. When presenting the portfolios, students were
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confident and descriptive in the details of their work. They articulated the anatomical tersystanas to
the class demonstrating knowledge, application and understanding. At the end of the classes many students
were printing off the models to add to their notes. In most cases students had their own labels or notes

detailed on the models for furtheeference(SeeAppendixL)

5.5 TLX Cognitive load test scores
The cognitive load test results are broken down into six subscales. The details on the results for each

category are listed below:

e Mental Demand - The average score across both groups was 50.1%, the highest score recorded was 81%
and there were 3 students who scored this between 60-65%. These scores indicate that there was quite a
high perceived mental effort in using the BioDigital application to create portfolios.

e Physical Demand - The average score across both groups was 25.8%, this score indicates that the
physical demand was not very strenuous on learners.

e Temporal Demand - The average score across both groups was 41.7%, this indicates that students were
not under any pressure to carry out the investigations. Due to the voluntary nature of this study, students
were not subjected to stringent deadlines on their work. The portfolios were not graded or had no bearing
on the overall marks. For this reason, students were not under any pressure to complete tasks.

e Overall Performance - The average score across both groups was 37.9%. This result indicates that
students did not complete the lesson plans as anticipated. There were 6 students who scored this below
20% which may indicate motivational issues or satisfactory ratings of their own work at the end
compared to that of others.

e Frustration Level - The average score across both groups was 42%. the mode score on this rating was
37% however 2 students had a score of 88%. This indicates that while most students were complacent, a
small minority of students were stressed or annoyed in carrying out the activity.

e Effort - The average score across both groups was 54.2%, this was an unexpected result considering the
physical scores however students may have a preconceived idea of performance, and this may have set
ambitions targets among the groups. With that said, it appears the task was challenging but not

overwhelming for learners to achieve expected outcomes.

The overall TLX score average was 46.5% among the giidv@mode score was 38% indicating that
the burden on working memory was below 50%sbiation,this score is quite subjective, however the
breakdown givesteresting insightenthe perceptions of learners. The full table of results from the
TLX testscan be seen in Appendi

5.6 Post lesson learner survey
A post |l esson survey instrument was used to captur

simulation lessons. Learners were given 10 mins at the end of the final class to completeihe swf
the questions were in Likert scale format and the remaining 7 questions were descripthamndedn
guestions. I n addition to a range of questions des

42



engagement and educational experienttessurvey also collected information on a range of objective and

subjective outcomes.

Objective outcomes
Objective outcomes included details around making connections with previous knowledge and levels of
understanding, number of tasks completed andativatings. Table & outlines the objective responses

from the survey.

Don't | Strongly | Disagree | Neutral | Agree | Strongly
know | disagree agree
chlu_mlo gy helped me engage in the 13% 29% 58%
learning process ]
Technology helped me investigate topics
motoey ep gale fop 7% 11% 32% | 36% | 14%
outside class time
Technology helped me reflect on course . . .
materials (e.g., readings, videos, etc.) 30% 57% 13%
lech11olqg}= used in my class enriched 199 2504 46% (704
my learning experiences - =

Table 51 ObjectiveResponses

It was clear from the responses that the simulation software improved learner engagement levels and lead to

a more enrickd learning experience. The strongest objective outcome reported was in learner reflection

with over 70% of learners agreeing that the software helped in this regard. There was a wide disparity in
responses to using the simulation technology outside titass50% of learners felt the technology helped

them to work in their own time. This evidence suggests that not all students were enthusiastic about

engaging in the software outside of class tiEnen thouglevery student said they access the daily in

the pre-survey they did not choose to access the Biodigital software. Mememore positive responses on

the worked examples, when asked in what way did the videos help to gain a clearer understanding students
responded by saying;1 f ounidt i was sleif ké a manuantd"Excelentivaryst r uct s
informative showed in depth how human body woRtfierssaidd coul d see han#w t o use
6There were |l ots of different @»ampOthérstoddrdis see and
explainedd6| donét use technology much but | | iked the
bodaynmdwadsl abl e to view extra featured®.whioechkeld wa@limg
are known to reduce cognitvela d t hi s was evi deme nltouldjost watchethest udent

videos instead of using the app to understand the A&P sy&tems

Subjective outcomes
Subjective outcomes included how leavers reflected on their educational experience, the attitudes t
learning, their satisfaction with using the application, and areas for improverable.52 details

responses to subjective questions on the post survey.
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Don't | Strongly | Disagree | Neutral | Agree | Strongly

know disagree agree
Technolog}-'_helped me conduct research 279, 68% 50,
for class assignments
T_cc‘]:fnology.hclpi:d me document class 8% 89 46% 43% 4%
work or projects
Technology helped me examine human 14% 68% 18%

anatomy in greater detail
Technology helped me learn through 198, 570, 26%
interactive activities ) - -

Technology helped me get a clearer image

of organs and systems in the human body. 35% 65%
Technology used in my class was relevant

to my achievement of course learning 12% 46% 4204

objectives

Technology used in my class connected

course materials and real world 8% 25% 5094 17%
experiences

Technology used in my class helped me 41% 479 17%
understand fundamental concepts

Technology used in my class built relevant

L3 o I:l_":I 'I:I.-i:'I
skills that were useful in the workplace 8o 8 | 17 o7

Technology used in my class helped make
connections to knowledge obtained in 16% 17% 67%
other classes

Technology used in my class helped me

understand hard-to-grasp concepts or 99 27% 5504 00,
processes

Technology used in my class was a o a
appropriate to the content being delivered 8% | 3% 69%
Technology used in my class helped me 80, 80, 179 679

think critically )

Technology used in my class helped me

focus on leaming activities or course 16% 17% G7%

materials

Table 52 Responses tBubjectiveQuestions

In generalthe subjetive responses were very positive; over 85% of students felt the application helped

them to examine human anatomy in greater detail. 65% said simulation gave them a clearer image of organs
and systems in the human body. 64% agreed that the softwareststand hardo-grasp concepts or

processes, and 67% felt it helped to focus on learning activitlest learners felt simulation technology

helped to build new knowledge based on previous learning. This is another point of evidence in the concept
formaion andmanylearners felt they made connections with previous information. It also appeared from

the responses that computer simulation encourages critical thinking, with over 80% of responses claiming
the technology helped in critical thinking. This isienportant attribute in the comprehension and

application of knowledgeMost learners felt the technology was appropriate to the content they were
studying. Over 65% of learners felt the simulation classes enabled the application of knowledge in
workplaceactivities. Almost 60% of learners agreed that the simulation technology helped them to
understand fundamental A&P concepts, however over 4Q%edetral on the matter. This wan

interesting inding as underpinning knowledge is a prerequisite to ekgiei potential of the technology for
advanced learninfVangl & Cranton, 2013Although more than half of learners reported the computer
simulation helped them focus on learning activities, there was a mindritjh wxpressed disagreement or
neutral opinion. This may have been down to the interpretation of the question or the technology having a
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negative effect on the learning. More than 65% of learners felt the simulation technology connected course

material andeal world experiences, and this is an important factor in the application of knowledge.

Students reported feeling more engaged and claiming to have developed a better understanding than didactic

classroom teaching. When asked how effective they falilation was as a method of learning students

saditwasd Very effective as it brings a met hoahdbolft di s s
hel ped me understand by seeing the moddhers and bein
mertioned how they got more enjoyment and pleasure from the expededaer e i nt er esti ng ar
found it interesting and a change fr omOnestuderd! cl as
joked abouthowi6 Br i ngs t hd#wdborokt taol Il iffted éand games t hough

concerns on the use of L.T for learningsaypngt 6 s good i f you know how to

itds too muchaiddrt meoohd mpeogwoadd for people who ar

Learners were asked about the strengths of computer simulation in the teadkmagoohy andPhysiology

and they responded sayifg] t 6s i nteracti ve aanddé bDled twirs u al sefef eac t3
excel |l ent Theowisuallaspesvama kaygtiribute for a lof learners with others saying;T he 3D
model s can be split apanddSeaenidn gy otuh ec a3nD sneoed ero raen dd eet
this | woul dn 6 Othegsedmménted an thé Viseal perepeskigeSde ei ng di f fer ent

the body on thendBilobPiagi sale webei ued c| Besenalgatiah deepe

and reflection were also mentioned by some of the studeldse i ng abl e to see the sys

talkingabout n cdndbd ;md eractive to use, clearer i mages, pa

own notes into the models and see different system

When asked how the learning could be improved, learners commented on the timingofdhe ke slfay i n g ;

the classes were done at diahdosSt eamt f@itmedhei bhetghany «

and it woul d.Qtens felt soneafltHe gesonptidng aid questions in the quiz were too
advancedd The quieanguwesre too hard antddl hneo td erseclra tpetd otnos

c o mp | i @na leandrdhad feedback on the instructional designsaying it had a way to

muscles when you clicked Anothet siuennexplamediwawitcduldieow t hey

used to incorporate more into the curriculum sagingf we coul d do assignment s

A full breakdown of the post learner survey including responses dauibe inAppendixH.

5.6 Focus group interview
The transcripts from the focus groups were coded whiagtedcoding (seeking examples from

predetermined themes) and open coding (no preconceptions). In the first instance the categories for the

directed coding process were set out as follows:
O The featires of computer simulation
O How effective is computer simulation in learning complex and abstract information.

0 The perceptions with regards to ease of use.
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These categories were

br oken

nt o

t hemes ,sudedrr

were design, navigation, intuitionA breakdown of the categories and themes are listed in téhledsles

were assigned based on positive and negative scale.

Category Theme Code
Positive/Negative
Features of computer simulation . Interactivity Alo/ Alo—
. Collaboration A25 [ A26—
. Creating models A35/ A3s—
. Personalisation A4S | AdG—
Effectiveness of computer . Visual Perception Bl5/Blé
simulation . Timing of lesson B26/ B26—
. Engagement B3&/ B36—
. Cognition B45 / B4é—
Ease of use . Design Cla/Clé—
. Navigation C286/C26—
. Intuition C38/ C35—
. Experience C45 | C46—

Table5-3 DirectedCoding Themes

Hardcopies of the focugroup transcripts were used for tlieectedcoding. A coded extract from of one of
the focus group transcripts is listedAppendixK. Oncecodedfrequencysvere then recorded into table 5.4

below.

Category Code Frequency
Features of computer simulati All 32
Alar1
A2
A20T
A3 12
A30T1 0
A4
Ad01 0
Effectiveness of computer simulation B1lu 41
B 1-0
B2
B 2-0 12
B3U 26
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B 3-U 0
B4l 17
B 4-U 5
Ease of use Clu 26
C1-a 2
c2ua 6
C2-u
c3ua 14
C 3-u 0
c4ua 33
C4-u 4

Table 54 DirectedCodingFrequencies

It is clear from the results that there was very positive feedback overall from the groups. The effectiveness
categoryB1-4u was the most topical, with the highest frequency being the positive visual impact of
simulation on e learning experience and the engagement attributes of the application. With that said, there
were some negative comments about the timing of the I&&isrand the cognition facto®44- from

some learnerdAnothertopical category in the focus groupasithe positive opinions on the interactive

nature of the software and the capacity to create individualised models which could be saved for reference.
There were no negative comments about the features of the application but not everyone explored the full
capacity of the features available, as just 5 comments were made about the collaborative features. The ease
of use category also scored well with 33 positive comments on the learning exp€danand the

enjoyment learners got from using the software. It appeared that the intuitive d&Sigas enjoyed by

most and the BioDigital application was easy to use and navigate the various systems in the body.

The second phase of coding was carriedusing open coding techniques. This iterative process involved
grouping keywords which relate to an emerging theme from group conversation. This was done by firstly
reading the transcripts to identify a series of keywords. This was followed by conduatord search on

the transcripts in Microsoft word, and recording the frequency of each keyword. The table below shows the

frequencies of occurrence of the top 15 keywords from the open coding process.

Keyword Frequency
Book 11
Difficult 10
Learn 16
Models 15
Systems 10
Seeing 19
Dissect 12
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Activities 11
Helped/helpful 15
Groups 9

Fun 7

Like 17
Enjoy 12
Doing 15
Interaction 11

Table 55 Open Coding Results

From the open codingrocessnew convergent themes erged Studentds personal e X
explicit in the open coding, and statements such a
was different from classd were considerwhith posi ti ve
emerged was the interest in 6doingé, comments such
and 6The interactive activities were better than ¢
was also very prevalentagth wor d 6éseeingd was counted 19 times f
commented on the engaging learning experience and how the models helped them to visualise the constructs
more than in the books.

5.8 Teacher interview
The teacher interviews gaveaper insights into student behaviourpath teacherbad experience with the

students and an awareness of the class dynamics. There were some instances where the teacher observed
high order thought processes from questions they asked students dusmguiagion classes. Other

insights from the teacher included instances where students worked in pairstimgear learning. This

was not as prevalent in the didactic classroom setting. In one of the classes when students were presenting
their portfolics, the teacher commented on the articulation of the students in naming the parts of the model
and the confidence the activity inspired in the students. In both instances the teachers explained the
constraints of using technology in the classroom, theahiliil/ of suitable classrooms and contact hours

with students would limit the capacity to deliver workshops using simulation software. Onduibtke
suggested an incremental approtchse BioDigital in class at various stages throughout the course.

Another suggestion was to develop assignments for students to investigate topics using the Biodigital
application. A point was made about the quiz feature in BioDigital being useful to engage learners to test
their knowledge, however it was pointed outt tie questions would need to be more aligned to the level of

the ITEC assessments.
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5.9 Relevancef the findings in relation to the research questions.
The investigation identified various attributes of computer simulation variehelevant to theesearch

guestionsThe following discussion will be framed arouedch ofthe research questions:

i

How can computer simulation address the difficulties associated with leaorimgexinformation?

Student feedbacdtturing classroom observatioaBowed gyns of cognitive dissonance (Cooper, 2012)

and reduced cognitive load. Also fromraments in the post lesson survey, students described how they

fidi ssected organs of t heStudentd glso folnd the worked exdnmpiéd of k n o w
beneft wi th comments | ike Al Iingehowetcstepebiyhastapp
cognitive load testing was used as a proxy to evaluate the effectiveness of instructional design and the
capacity of working memory among studefitise TLX cogiitive load test scores showed a range of

scores across 6 categories. Therestlts showethe effects of simulation on working memory and the

workload imposedn student®y the tasks. The results revealed the mental effort was involving for most
leasne s but not to a point where it inhibited stude
studentdhad access to worked examples may have been a factor in this oustodent feedbackiso

supportedhe use of simulation for improved concegsiailation in the learning of abstract

information, this was found to be consistent with the literature (Issenberg et al.,@888hents

around the visualisation of complex organs giving greater perspective than the books showed students

felt the detaiéd 3D images improved the concept formation and assimilation of human anatomy. The
variance on perspectives and rotational features in the 3D environment gave a greater depth of visual

perspective than static 2D images on a page.

How effective is computeimulationin learningbiological concemwhich cannot be seen by the naked
eye?
The overall findings support the use of computer simulation in clarifying understanding of Anatomy and
Physiology curriculum while increasing student interest and engagenmenteports from VLE show
positive behavioural responses with high levels of activity and engagement recorded. In most cases, the
data logsshowedhigh frequencies of website activity (BioDigitdbuTube) during the lessonshi
indicated students wemotivated and engaged in the learning activifldgs was also evident from the
post lesson feedback as 58% of students reported the technology helped them engage in the learning
processThe findings of the class observations also showed simulationi¢éafrer focused as students
developed portfolios based treir own perceptions and the investigations were carried out on specific
areas they had difficulty with. This approachaigery effective method to learn scientific principles and
the informal aproachis more in line with adult learning theory (Knowles, Holton, & Swanson, 2015).
The student portfolios also showed evidence of analysis evaluation and design, and teachers observed an
increase in student confidence and articulation when presengimgvbrk. The portfolios also gave
insights into the perspectives of students as to how they used images/models to display the visual impact
of the software on their own concept formati®his metlod facilitates the comprehension and
application of knowldge through discovery learnifigpi-jew, 2008) The tming and environmenta
distractions ar@mportant considerati@when delivering to a new target groap learners may become
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frustrated or distracted if they are not familiar with using technology for learning. Another factor to the
success of computer simulation for learnisighe studentanderpinning subject knowledga

foundational level of subject matter and emotional intelligemeaecessary to promote selirected
learning (Cimer, 201Zragouli, 2009)

U What features of computer simulation best facilitate the cdmapiston and application abstract
knowledge?
The coding exercise on transcripts from the focus groups identified a series of features of computer
simulation that aided learning A&P subject matter. These features included: Intuitive design, Creating
artefacts, Visualisation, Immersioithe open coding revealed several convergent themes with other data
collected throughout the investigation. The frequency of occurrence in keywords were highest for themes
in visualisation and application of knowledge in damgting the portfolios. Other emerging themes
included satisfetion, interest and engagemenast lessoifeedback on the 3D imagery with
low/moderate fidelity levelshowedstudentgyot greater visual perspectives of complex A&P systems.
The interactivdieatures such as the dissect tool and the explode function enabled students to investigate
and view in detail thenner workings of complex organs and surrounding systems in the body. Worked
examplesvere found to ba keyfeaturein thecomprehension ohe abstract information; these
exampleseducedcognitiveload andfacilitated operative conditioning-he predominant feature tifat
was reported by students was the high level of interactBitycreating portfolios that were unigue to
their own learning students captured personal insights through the models they aeratedBy adding in
labdls and study notes the students personalised the material which improved motivation (Mayer, 2005)

Overall, the results of the data ays$ are consistent to support the hypothesis that simulation is a more
visually engaging learning experiendde strands of research in totality combined to address the research
guestionsThesynthesis ofesults support the plausibly of developinganiework to implement the use of
simulation technology in the teaching of Anatomy and Physiology to sitgkenton Beauty Therapy and
Sports Therapy courses. The findings also highlight features of computer simulation that facilitate the
comprehension ahapplication of abstract knowledge. These feataresvidenced by the production of the
portfolios. The findings of the post learner survey and teacher discussions alsampv@eatd concept
formation and cognitive dissonance through abstract symisdisoningPsychol & Psychologist, 2015)

5.9.1 Comparing results between the two groups
When comparing the results between the two groups, there were subtle differences noted. The Sports

Therapy group had specifaccupational interests, and were quite focused on the skeletal and muscular
systems from the outset. Sports Therapy studdstsnvestigaedthe injuries catalogue in more detail,
whereas the Beauty Therapy students were taking a more general apptbaahinvestigations with some
exploring the skin conditions library. In terms of portfolios both groups produced detailed models and

demonstrated high levels of engagement and interactivity from their wagknhsof expected outcomes,
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Sports Therapgtudentsvould generally look to progress to HE courses whereas the Beauty Therapy group

would generally progresdirectly into employment.

5.92 Unexpected outcomes
One of the features of BioDigital softwaeaablestudents to share their work withetbnline community,

some students posted their work and received posit
confidence as receiving positive feedback from a stranger was reassuring and motivating. Other aspects of

the investigation thatere unexpectedmergedn the focus groupwheresome students said the activity

was memorable and having positive feelings on the activity. This suggests that there was a psychological
impact on learners in the way they felt about the subject havinyiged portfolios which they had a

personal connection witfthere were some instances where students appeared distracted with the

technology and were observed browsing other websites and playing games. This indicated the potential for
distraction due to #nhlearning environment and the habits of students when using the web. The motivation

for students to fully participate in salfrected learning was limiteaks portfolios were not formally

assessed

5.10 Summary
This chapter has presented key findingsf mixed method data collections and analysis on the results. The

findings were produced from 7 different researchrumsents, and each data set hadncesinique to this
target groupThe next chapter will discuss the implications of these findingsleavd conclusions from the
investigation. A strategy to implement computer simulation will be outlined as a mechanism to enhance

adultstudentsomprehension of Anatomy and Physiology.
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Chapter Six: Conclusion

6.1 Introduction
This chapter presents consionsbasedn the findings from the study in relation to the resle@uestion

and subguestionsA framework to implement best practice is then proposed outlining key considerations
based on the results of this stu@ife chapter concludes by outlinirtgetlimitations of the research and

recommendations for future areas of research.

6.2 Conclusions drawn from study
This invesigation has presentexvidence to support the benefits of computer simulation as a learning aid

for adult students in the competsion of Anatomy and Physiology curriculum. Student portfolios showed
the application of knowledge througlstive learning exerciseshis was found to be consistent with the
findings from the literatur@artinez et al., 20115tudents reported improved apprehension of Anatomy
and Physiology in getting a fAcl earer thiswdhealset andi ng
consistent withthe literaturgKolari & Savandetranne, 2004)Classroom observations showed that

computer simulation improved student engagement ampehension of the Anatomy and Physiology
curriculum. Feedback from thworked examplegevealed some evidenoé concept formation and a

reduction in the extraneous cognitive lobldwever students did not articulate this explicittythe focus
groups,it was revealed through consultation with the tutors when discussing the portfolio presentations.
Therewasevidence to suppoamixedlearnerfocused syllabus driven approach to teaching A&P to adult
learnersSimulationsoftwarecan assist the leamn®® carry out investigations based aset syllabus. The
software is a scaffold and the learner is in control of the activity. This approach utilisdisexttd

learning but within the structure and constrains of the sylldbusder to implement th strategylearners

must have fundamental underpinning knowledge to enable cognitive diss¢Gaoper, 2012)Emotional
intelligence is another key factor when determininggieficted learning reading@-ragouli, 2009) It was
evident from bth groups that not every individual was prepared fordiedfcted learning. There were

instances where some learners became frustrated with the technology and needed one to one teaching
assistance, others commented in the post survey on the relianedexcher for emotional support in class.
This problem is compounded when the syllabus is complex and there is a degree of apprehension and pre
existing attitudes to learnin@ticklen, Urbar_urain, & Briedis, 2009)

6.3 Recommendations on best practice
Based on the findigs theresults indicate a framewot& implementest practicas follows

0 Adult learning theory placemmphasi®n the importance of selfirected learning. Simulation can
facilitate this througlproblem solving/goal orientated activities such as siradldissections and virtual

investigations.

(@]

Teaching staff must be cognisant that the preconceptions of adult learners might not be aligned to
scientific fact. Simulation facilitates comprehension tigloabstract symbolic reasonitigoughvisual

cues whit can resolve discrepancies in understanding among adult learners.

(@]

A key factor to the success of computer simulation is the importance of underpinning knowledge as a

prerequisitgo learner engagemer@tudents must have foundational knowledge for sinwicb be
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effective as a learning aid.

(@]

Collaborative working can be an effective solution to address the |.T déditstsamong students.

Longer class time ialsoneeded to allow for pe¢o-peer and collaborative working

(@]

Teacher guidance and suppisrtrucial well-plannedorientation and worked examples are key factors

to the success of computer simulation lesson plans.

O«

The tasks/exercises need to be aligned to the needs of the student, incorporatindyaanoic
approach to teaching which isgrlied to the teaching of other modules on these courses.

O«

Learning outcomes need to be set higheBlmoms taxonomygcale orthe understanding and

application layers, students can demonstrate the application of knowledge through simulation activities.

(@]

Motivation is keyi low steaks yield mixed results at timéénking student motivation to the

personalisation of learning is an effective motivastnategy(Bartle, 2015P4).

O«

Implementation needs to be incremengablended approactuitding activities into the lesson plan in
the form of assignments and online quiz/assessmoantbe an effectivapproach

6.4 Research limitations
The sample size was one of the drawbacks to this study, the timeframe for users to engage with the

compuger simulation software (less than 8 weeks) was also limifihi type of research could yield richer
datasets if it were to run over a longer period with more activities as a longitudinal study. Participation was
optional for students this meant the imuntte had some level of motivation or interest in technology. There
were also no consequences if students did not complete the portfolio which meant that motivation was
intrinsic. It would also have been beneficial to obtain the CAO points of those wiaigaded in the study

to determine the baseline academic levels of the sample group. Aptitude tests and IQ tests were considered
but were not implemented for ethical reasons. The cognitive load test is subjective and the results could be
interpreted in seeral waysThe Hawthorne effect (Macefield, 2007) may also b&ssie in terms of

increased learner motivation and ottler outcomes of the study. The focus grotgrsbe a blunt

instrument measuring opinion and learner satisfaction ratings. The diantbabis type of model is that it

measures subjective opinions in a snapshot of time and often comments are fluid and reactive.

6.5 Recommendations and further areas of research
A further area of research could be in exploring the generalisatfilignulation ona variety ofcomplex

subject matter. The TLX test could be used to evaluate the effectiveness of different simulation software
applications to inform best practice for instructional design. The application of physiological methods, and
electrencephalography (EEG) to measure continuous cognitive load, detecting subtle fluctuations in
instantaneous load, coudsobe used to investigate the effects of computer simulation for a more objective
measure of overall cognitive load of students. Thigreach could be used as method to evaluate the
effectiveness of simulation technology as a learning mechanism. Further study into measuring cognitive
load can be framed dhe modeldetailed below. This dudask approackfig 6.1) measures cognitive load

in multimedia learning using the modality effect as an example (Brtinken, Plass, & Leutner, 2003).
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TABLE 1
Classification of Methods for Measuring Cognitive Load Based
on Objectivity and Causal Relationship

Causal Relationship
Objectivity Indirect Direct
Subjective Self-reported invested mental Self-reported stress level
effort
Self-reported difficulty
of matenials
Objective Physiological measures Brain activity measures
(e.g., IMRI)
Behavioral measures Dual-task performance

Leaming cutcome measures

Figure6-1 Dual Task Cognitive Load Testing

6.6 Summary
This investigation hagroduced findings that address the key redeguestions. Conclusions were drawn

from a synthesis of researafethods that formed converging outcomes that support the use of computer
simulation among adult learners. In particutd@assroom observations and learner feedlackning key
featuresof computer simulatiothatimproved student engagement and comprehension of Anatomy and
Physiology curriculumEurther conclusions omé effectsof computer simulatiomweremade and thevays

in whichcomputersimulationcanbe used to reduce cognitiveaiband concept formatiamereoutlined.

Key recommendations outlining the methods for implementing computer simulation to address the
difficulties in the comprehension of the Anatomy and Physiology curriculare then madéhe

limitations of the researcherethenmade acknowleding the subjective nature of thé.X scores and the
Hawthorne effect simulation may have on learner engagement. kagtigstionsn further areas of study
were madeutlining the generalisability of simulation on a variety ofmplex subject matter and taking a
dual task approach to cognitive load measurement

54



Bibliography
Alessi, S. M., & R.Trollip, S. (20@&garning Principles and Approachisiltimedia for Learning:
Methods and Development

Andrews, P. S., Polack, F. A. C., & Sampson, A. T. (2010). The CoSMoS Process, Version 0.1: A Process
for the Modelling and Simulation of Complex Systefiechnical Report, Y2810453,
Department of Computer Science, University of Ydfkrch), £40. Rérieved from http://www-
users.cs.york.ac.uk/susan/bib/ss/nonstd/tr453.pdf

Arkiin, S. (2008). A Study on the development process of a multimedia learning environment
according to the ADDIE model and studef@pinions of the multimedia learning environment.
Interactive Educational Multimedida7(17), X19.

Aronson, E. (2000). Cognitive Dissonanc&nicyclopedia of psychology, Vol(@h. 14%142).
https://doi.org/10.1037/1051 7054

Bartle, E. (2015). Personalised learning: an overview.

Bartlett, F. C. (193. Remembering A Study in Experimental and Social Psychol@ggnbridge, Social
Psychologyl¢11. https://doi.org/10.1111/j.20448279.1933.tb02913.x

Bassok, M., Engle, R., Ericsson, A., Graesser, A., Schwarz, N., Stanovich, K., & Zimmerman, B. (2003).
The Psychology of Problem Solvi@gntemporary Psychology
https://doi.org/10.1017/CB0O9780511615771

Blikstein, P., Fuhrmann, T., Greene, D., & Salehi, S. (2012). Bifocal modeling: Mixing real and virtual
labs for advanced science learnitCQ2 Proceedigs of the 11th International Conference on
Interaction Design and Childre206;299. https://doi.org/10.1145/2307096.2307150

Bradley, P. (2006). The history of simulation in medical education and possible future directions.
Medical Educatiopd0(3), 254.262. https://doi.org/10.1111/].13652929.2006.02394.x

Bransford, J. D., Brown, A. L., & Cocking, R. R. (2080)People Learn: Brain, Mind, Experience, and
School: Expanded Editiddow people learn: Brain, mind, experience, and school: Expanded
Edition https://doi.org/10.1016/08852014(91)90049

Brooks, D. C. (2016). ECAR Study of Undergraduate Students and Information TechqgéBogy, 3

Cai, Y. (2014). 3D immersive and interactive learridBgimmersive and Interactive Learnidgl27.
https://doi.org/10.1007/978981-4021-90-6

Chi, M. T. H., Glaser, R., & Rees, E. (1982). Expertise in problem solvarges in the Psychology of
Human Intelligencehttps://doi.org/10.1002/wcs.47

Chi, M. T. H., Slotta, J. D., & De Leeuw, N. (1994). From things tospaoksheory of conceptual
change for learning science concegtearning and Instructiqil(1), 2€43.
https://doi.org/10.1016/09594752(94)90015

Qmer, A. (2012). What makes biology learning difficult and effective: StuQaatgs.Educational
Researh and Review3(3), 6X71. https://doi.org/10.5897/ERR11.205

Community College Research Center. (2014). Simplifying Complexity in the Student Experience
Gathering Data, (June), 49.

Cooper, J. (2012). Cognitive dissonance thagandbook of Theories &ocial Psychology (Vol,1).
(November), 37@397. https://doi.org/10.1093/0B0O/978019982834156

55



Cowan, N. (2009). What are the differences between t@mm, shortterm, and working memory?
Nelson.NIH Public Acces31237), 32%:338. https://doi.org/10.1016/S0079%6123(07)00020
9.What

De Jong, T., & Van Joolingen, W. R. (1998). Scientific Discovery Learning with Computer Simulations of
Conceptual Domainfeview of Educational Resear6B(2), 17%201.
https://doi.org/10.3102/00346543068002179

DiSessa, M. (2007). Changing conceptual chartgeman Development
https://doi.org/10.1159/000097683

Donnelly, L., Patten, D., White, P., & Finn, G. (2009). Virtual human dissector as a learning tool for
studying crossectional anatomyMedical TeacheB1(6), 55%555.
https://doi.org/http://dx.doi.org/10.1080/01421590802512953

Dori, Y. J., & Belcher, J. (2005). How Does TechrBluayled Active Learning Affect Undergraduate
Students€Understanding of Electromagnetism Conceple@irnal of the Learning Scienck4(2),
243¢279. https://doi.org/10.1207/s15327809jls1402_3

Duff, V. G. (2016). Advances in Applied Digital Human Modeling and SimuSgiotger, 26 Jul 2016
Retrieved from
https://books.google.ie/books/about/Advances_in_Applied_Digital Human_Modeli.htmnts
MBDgAAQBAJ&redir_esc=y

Falasca, M. (2011). Barriers to adult learnigidging the gapAustralian Journal of Adult Learning
51(3), 58%590.

Falcon, R. (2010). A Counterargument to Ineffective Technology in Classrooms: Characteristics of High
Achieving School€nline Submission

Ferguson, S. (2005). How Computers Make Our Kids Sktipadear®, 11823), 24,30. Retrieved
from
http://www.macleans.ca/topstories/education/article.jsp?content=20050606_106930_ 106930

Festinger, L. (1957A theory of cognitive dissonand&theory of cognitive dissonandeetrieved from
http://search.proquest.com.ezproxy.library.yorku.ca/docview/618399053?accountid=15182%5C
nhttp://sfx.scholarsportal.info/york?url_ver=239.88
2004&rft_val_fmt=info:ofi/fmt:kevmtx:book&genre=book&sid=ProQ:PsycINFO&atitle=&title=A+
theory+of+cognitive+dissona

Fischer, A., Greiff, S., & Funke, J. (2012). The Process of Solving Complex Prbbldémsnal of
Problem Solvingl(1), 1;42. https://doi.org/10.7771/19326246.1118

Fragouli, E. (2009). Emotional intelligence and change: a new approach through self directed learning
and incorporation of imagined interactionisit. J. Decision Sciences, Risk and Management J.
Decision Sciences, Risk and ManagenaP), 112125.

FraserK. L., Ayres, P., & Sweller, J. (2015). Cognitive Load Theory for the Design of Medical
SimulationsSimulation in Healthcare: The Journal of the Society for Simulation in Healthcare
10(5), 29%.307. https://doi.org/10.1097/SIH.0000000000000097

Gagne, R. M(2008). Mastery learning and instructional desigarformance Improvement Quarterly
1(1), %18. https://doi.org/10.1111/j.19378327.1988.tb00003.x

Gavens, N., & Barrouillet, P. (2004). Delays of retention, processing efficiency, and attentional
resources in working memory span developmelaurnal of Memory and Languadel(4), 644
657. https://doi.org/10.1016/j.jml|.2004.06.009

56



Hatjew, S. (2008). &ffolding Discovery Learning Spadssarning4(4), 53%548. Retrieved from
http://krex.k-state.edu/dspace/handle/2097/3515

Heritage, M. (2012). Using the Formative Assessment Rubrics and Observation Protocols to Support
Professional Reflection on Praei& SDE Annual Preconferen@@ctober).

Hsieh, O. (2016). Human computer interaction and data visualizaidvanced Writing: Pop Culture
Intersections Retrieved from http://scholarcommons.scu.edu/engl_176/18

Issenberg, S. B., McGaghie, W. C., H&®t, Mayer, J. W., Felner, J. M., Petrusa, X Bwy, G. a.
(1999). Simulation technology for health care professional skills training and asses3fAidAt.
The Journal of the American Medical Associaf2®2(9), 861866.
https://doi.org/10.1001/jama.B2.9.861

Jang, S., Vitale, J. M., Jyung, R. W., & Black, J. B. (2016). Direct manipulation is better than passive
viewing for learning anatomy in a thremensional virtual reality environmen€omputers &
Education106, 150;165. https://doi.org/10.1016f.compedu.2016.12.009

Juntunen, M., & Aksela, M. (2013). Lifecle analysis and inquibyased learning in chemistry
teaching.Science Education Internationa#(2), 15@166.

Kashima, Y. (2000). Recovering Baietbcial psychology of cultural dynamigaropean Journal of
Social Psycholog$0, 383;403. https://doi.org/10.1002/(SIC1)1099
0992(200005/06)30:3<383::AIBISP996>3.0.CEg2

Kolari, S., & Savandeainne, C. (2004). Visualisation Promotes Apprehension and Comprehension.
Engineering and Techmgy, 20(3), 484493.

Lateef, F. (2010). Simulatidrased learning: Just like the real thidgurnal of Emergencies, Trauma,
and Shock3(4), 34&352. https://doi.org/10.4103/09742700.70743

Martin, S. (2014). Measuring cognitive load and cognition: nmefdactechnologyenhanced learning.
Educational Research and Evaluaji®®(7¢8), 592,621.
https://doi.org/10.1080/13803611.2014.997140

Martinez, G., Naranjo, F. LérEz, A. L., Suero, M. |, & Pardo, P. J. (2011). Comparative study of the
effectivenesf three learning environments: Hypeealistic virtual simulations, traditional
schematic simulations and traditional laboratoBhysical Review Special TopiEfysics
Education Researgchi(2), 1c12. https://doi.org/10.1103/PhysRevSTPER.7.020111

Mayer,R. E. (2005)'he Cambridge handbook of multimedia learnifigne Cambridge Handbook of
Multimedia LearningVol. 16). https://doi.org/10.1075/idj.16.1.13pel

McGaghie, W. C., Siddall, V. J., Mazmanian, P. E., & Myers, J. (2009). Lessons for contilcaing med
education from simulation research in undergraduate and graduate medical education:
effectiveness of continuing medical educati@hest 1353 Suppl), 62&8S.
https://doi.org/10.1378/chest.082521

McKenney, S. (2013). Designing and researching tdagpenhanced learning for the zone of
proximal implementationResearch in Learning Technolggy(SUPPL.1)c9.
https://doi.org/10.3402/rlt.v21i0.17374

Means, B. (2010). Technology and education change: Focus on student ledonimgl of Research
on Technology in Educatipa?(3), 28%307. https://doi.org/10.1080/15391523.2010.10782552

Merriam-Webster. (2013). Merriarwebster DictionaryMerriam-Webster Dictionary

Michael, J. (2007). What makes physiology hard for students to learn? Results atyadaoey.

57



Advances in Physiology Educatidi1), 3440. https://doi.org/10.1152/advan.00057.2006

Mills, G. E. (2000Action research a guide for the teacher researchéction Researcfvol. 3rd).
https://doi.org/10.1177/1476750310396944

Munshi, F. Lababidi, H., & Alyousef, S. (2015). Lwevsus higHidelity simulations in teaching and
assessing clinical skillournal of Taibah University Medical Scientégl), 12,15.
https://doi.org/10.1016/}.jtumed.2015.01.008

Nasa, N. A. A. S. A. (201009 TLX: Task Load Indéanta Medica35(4), 30&315.
https://doi.org/10.1055/s0028-1097222

Nutt, J., Mehdian, R., Parkin, I., Dent, J., & Kellett, C. (2012). Cadaveric surgery: a novel approach to
teaching clinical anatomyl.he Clinical Teachd), 148 51. https://doi.org/10.1111/j.1743
498X.2012.00536.x

O®Byrne, P. J., Patry, A., & Carnegie, J. a. (2008). The development of interactive online learning tools
for the study of anatomyMedical TeacheB0O(December), e266271.
https://doi.org/10.108001421590802232818

Olson, S., & Louckdorsley, S. (2000). Chapter 2: Inquiry and the National Science Education
Standards: A Guide for Teaching and Leardimguiry and the National Science Education
Standards 13¢37. https://doi.org/0-309-54985X

Olympbou, G., Zacharias, Z., & deJong, T. (2013). Making the invisible visible: Enhancing@tudents
conceptual understanding by introducing representations of abstract objects in a simulation.
Instructional Sciencd1(3), 57%596. https://doi.org/10.1007/s1125012-92452

Osborne, J., & Dillon, J. (2008). Science education in Europe: Critical refléaimmhan: Nuffield
Foundation (January), 8. Retrieved from
http://www.fisica.unina.it/traces/attachments/article/149/NuffieldFoundationOsborneDillor+
ScienceEducationin-Europe.pdf%5Cnpapers2://publication/uuid/FA17EDEAFA29EB7ES
D9E33DA4A538

Paas, F., & Ayres, P. (2014). Cognitive Load Theory: A Broader View on the Role of Memory in Learning
and EducationEducational Bychology Revie26(2), 19%195. https://doi.org/10.1007/s10648
01492635

Piaget, J. (1970). PiagfTheory. IrCarmichae® Manual of child psycholodgp. 703,732).
https://doi.org/10.4319/10.2013.58.2.0489

Psychol, O., & Psychologist, O. (2015). Eoypability in the 21st CenturyComplex ( Interactive )
Problem Solving and Other Essential Skills, (20144,2826 https://doi.org/10.1017/iop.2015.33

Reedy, G. B. (2015). Using Cognitive Load Theory to Inform Simulation Design and Eliadtiale.
Smulation in Nursingl11(8), 35%360. https://doi.org/10.1016/j.ecns.2015.05.004

Saldana, J. (2012). An Introduction to Codes and CotivegCoding Manual for Qualitative
Researcherq2006), &8. https://doi.org/10.1519/JSC.0b013e3181ddfd0a

Saleh, S. (2@). The Level of B . Sc . Ed StudéB@nceptual Understanding of Newtonian Physics.
International Journal of Academic Research in Business and Social S&(@)c24%256.

SeixadMlikelus, S. A., Adal, A., Kesavadas, T., Baheti, A., Srimathvedgayvhllissain, AX Guru, K.
A. (2010). Can imag®ased virtual reality help teach anatomy@urnal of Endourology /
Endourological Societ24(4), 62%,634. https://doi.org/10.1089/end.2009.0556

Shipstead, Z., Harrison, T. L., & Engle, R. W. (2016). Wankmory capacity and fluid intelligence:

58



Maintenance and disengagemeiierspectives on Psychological Scieht), 771X 799.
https://doi.org/10.1177/1745691616650647

Shrivastav, H., & Hiltz, S. R. (2013). Information Overload in Techtalegy Educadin : a Meta
AnalysisProceedings of the Nineteenth Americas Conference on Information Systems, Chicago
1c10.

Silverthorn, P. (1999). Jean Pidgeheory of developmenRetrieved Octobed 9, 2006.

Skinner, B. F. (1988). Preface to the behavior of asgamJournal of the Experimental Analysis of
Behavior50(2), 35%,358. https://doi.org/10.1901/jeab.1988.5855

Sdervik, 1. (2016)lnvestigating learning in medical and teacher education

Speth, E. B., Momsen, J. L., Moyerbrailean, G. a,-EtasrtD.Long, T. M., Wyse, S., & Linton, D.
(2010). 1, 2, 3, 4: Infusing quantitative literacy into introductory biol@gl Biology Educatipn
9, 323%332. https://doi.org/10.1187/cbe.10

Stager, G. S. (2013). Paf@®rison Fab Lab: Implications for the makervement and education
design. IrfProceedings of the 12th International Conference on Interaction Design and Children
(pp. 48%€490). https://doi.org/10.1145/2485760.2485811

Sticklen, J., Urbahurain, M., & Briedis, D. (2009). Engagement of millennial stsdesing wekbased
screen movies to replace traditional lecture in lecture/lab courseBrateedings Frontiers in
Education Conference, Flitps://doi.org/10.1109/FIE.2009.5350803

Strauss, A., & Corbin, J. (2008auss, A., & Corbin, J. (19%3sics of qualitative research: Grounded
theory procedures and techniques. Newb{ugl. 3). https://doi.org/10.4135/9781452230153

Sturges, D., & Maurer, T. (2013). Allied Health Stud@esceptions of Class Difficuttifhe Case of
Undergraduate Humanmatomy and Physiology Class&§(4).

Sun, R., Mathews, R. C., & Lane, S. M. (2007). Implicit and Explicit Processes in the Development of
Cognitive SkillsA Theoretical Interpretation with Some Practical Implications for Science
EducationEducational Bychology Research Foclis26.

Sweller, J., Ayres, P., & Kalyuga, S. (2011). Cognitive Load Tueprnyive Load Theqry, 57¢69.
https://doi.org/10.1007/9781-441981264

Talbot, T. B. (2013). Balancing Physiology, Anatomy and Immersion: How MogicBidtidelity Is
Necessary in a Medical Simulatidd#titary Medicine 17810S), 2836.
https://doi.org/10.7205/MILMEED-13-00212

Tanner, K., & Allen, D. (2005). Approaches to biology teaching and learning: understanding the wrong
answers-teaching towad conceptual changeCell Biology EducatipA(1998), 112117.
https://doi.org/10.1187/cbe.0502-0068

Torres, K., Torres, A., Pietrzyk, L., LisieckadZsk M., Bcik-Donica, M.X Maciejewski, R. (2014).
Simulation techniques in the anatomy currigon: Review of literaturef-olia Morphologica
(Poland) 73(1), 1c6. https://doi.org/10.5603/FM.2014.0001

Turmezei, T. D., Tam, M. D. B. S., & Loughna, S. (2009). A survey of medical students on the impact of
a new digital imaging library in the dissection rod@inical Anatomy (New York, N,22(6),
761¢9. https://doi.org/10.1002/ca.20833

Ulrich, M. (1997)Links between experiential learning and simulation & gantngceedings of the
28th Annual International Conference of the International Simulation and Gaming Association
(ISAGA)(July), 266275.

59



van Merrienboer, J. J. G., & Sweller, J. (200®gnitve load theory and complex learning: Recent
developments and future directiortSducational Psychology Revi@yol. 17).
https://doi.org/10.1007/s10648005-3951-0

Wang, V. C. X. (2009). Effective Teaching with Technology in Adult EducétiorationalJournal of
Web-Based Learning and Teaching Technolodigy, 1€31.
https://doi.org/http://dx.doi.org/10.4018/jwbltt.2009091502

Wang, V. C. X. (201Mtegrating Adult Learning and Technologies for Effective Education: Strategic
Approachesinformation Science Publishinbttps://doi.org/10.4018/9781-61520694-0

Wangl, V. C. X., & Cranton, P. (2013). Transformative Learning and Technology in Adult and
Vocational Educatiorinternational Journal of Information & Communication Technology
Education9(1), 2&37. Retrieved from
10.4018/jicte.2013010103%5Cnhttps://acces.bibl.ulaval.ca/login?url=https://search.ebscohost.c
om/login.aspx?direct=true&db=eue&AN=87753795&lang=fr&site=ehost

Wyeld, T. (2016). Using Video Tutorials to Reduce Cognitive Lddttastration for Early Learners of
3D Maya: A Comparative Case Study Discussion on Knowledge Visualisation2db@&th
International Conference Information Visualisation,(R0S;215.
https://doi.org/10.1109/IV.2016.82

Zacharia, Z. C. (2007). Conmipgrand combining real and virtual experimentation: An effort to
enhance student&onceptual understanding of electric circuideurnal of Computer Assisted
Learning23(2), 12@132. https://doi.org/10.1111/j.1365729.2006.00215.x

60



AppendixA Simulation Software Evaluation

Simulation Software:

Attributes

Overall
score

Human Bicdigital:

https://human.biodigital.c

om/

Positive:
1 Cross platform compatible available as a download ap

via a web browser

Very intuitive and easy to use.

Low costi trial licence available.

Detailed descriptions of organs/systems availabléhda

user interface.

High level of interactivity and tools available.

Multiple viewing angles and zoom features.

Embedded tools for capturing images/video

Capacity to filter systems and isolate organs for

dissection.

Capacity to share content and intenaith other learners.

Use of audio and phonics to help with pronunciation ol

systems/organs.

Animations of moving parts in the body.

Quiz feature to allow learners test their knowledge.

Has YouTube channel as a resource for learners

E = =4 =A =4 -8 A =a =4 =4

Negative:
1 Descriptionsof systems and organs are quite advance(
1 A good level of I.T competency is needed to use all th
features available
1 Medium to low fidelity simulation
9 Quiz questions are quite advanced.

90

3D Medical Essential

http://applications.3d4m
edical.com

Positive:

1 Very intuitive and easy to use.
Can animate the workings of various system.
Medium to high fidelity with cross sections of models.
High level of interactivity and tools available.
Animations of meing parts in the body.
9 Quiz feature to allow learners test their knowledge.

1
1
1
1

Negative:
9 Cannot layer various systems in the body.
1 A good level of I.T competency is needed to use all th
features available
1 Needs to be primstalled on a high spec machine.
9 No quiz feature or user login to manage work.

75

Ikonet: Virtual Human
Body:

Http://www.ikonet.com/

Positive:
1 Low costi trial licence available.

Animations of movingparts in the body.

Simple and easy to use user interface

Has various video tutoriabsvailable on YouTube

Cross device compatible

Multi views and transparency feature to merge systerr|
1 Vast library of anatomical structures

= =4 -8 4 A

Negative:
1 Heavy on system resources (RAM/CPU)

91 Low fidelity and level of detail in models.

70
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https://human.biodigital.com/
https://human.biodigital.com/
http://applications.3d4medical.com/
http://applications.3d4medical.com/

1 Requires download and ifikttion
9 No testing or quiz function

Zygote body:

https://zygotebody.com/

Positive:
9 Low costi trial licence available.

1 Works in browser no instillation required

1 Simple and easy to use user interface

9 User logirs to allow models to be saved.

1 Can save screen images of models via interface.

Negative:
1 Expensive subscription/very limited trial functions
1 Limited tutorials/no YouTube channel
1 Medium to Low fidelity and level of detail in models.
9 No testing or quiz furt@on

80

Virtual Autopsy
http://www.le.ac.uk/

Positive:
9 Easy to use website that details
1 Free resource available via a web browser

Negative:
9 Limited to 6 systems in the human body
Low fidelity and graphical content
Static web pages with limited intetam
Lots of text on screen and no test/quiz function
No learner resources available (tutorials/videos/worke
examples)

= =4 —a =9

50

Get Body Smart:

http://www.getbodysmart
com/

Positive:
9 Low costi trial licence available.
1 Runs in a browser and no install required
9 Quiz function available
1 Simple easy to use interface

Negative:
fLimited interaction and user resources
T Low fidelity and graphical detalil
I Lots of text on screen anirlited animations
712D images with one viewing angle

60

Human Body Maps

http://www.healthline.co
m/human-body-maps

Positive:
9 Free resource via website.
9 Video tutorials available
91 Cross platform/braser compatible
1 Covers related health conditions on various systems i
body

Negative:
9 Limited viewing screen size for models
1 Low to Medium fidelity on images and graphics
1 Limited views and levels of interaction
9 No quiz function available

70

Build a Body

Positive:

70
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https://zygotebody.com/
http://www.getbodysmart.com/ap/skeletalsystem/skeleton/menu/menu.html
http://www.getbodysmart.com/ap/skeletalsystem/skeleton/menu/menu.html
http://www.healthline.com/human-body-maps
http://www.healthline.com/human-body-maps

http://www.spongelab.co
m

Low costi trial licence available.

Built in learning management system

Quiz features available

Easy to use interface

Cross browser multi device compatible/no install respli
Good level of interaction and collaborative learning
environment

=4 =4 =4 4 4 -8

Negative:
1 Low fidelity graphics
9 Static images and limited views
9 No tutorials/videos available
1 Limited to 7 systems in the body

https://www.visiblebody.
com/

Positive:
1 Highly Interactive 3D learning environment

Medium to high level fidelity models

Built in tutorial videos and YouTube channel
Animated functions of 3D models

Integrated quiz functions

1 Available in Multible languages

= =4 -4 4

Negative:
9 Have to pay for basic and premium to access the
simulation.
1 Each application/system needs to beipstalled
separately
1 No dissect function
1 Advanced material aimed at health professionals

85

E-Skeletons
http:/ lwww.eskeletons.or

g

Positive:
9 Free available on the website
1 Detailed imagery of human skeletal system
9 Glossary of terms available
9 Quiz function available

Negative:

9 Limited to skeletal system
Low fidelity and limited graphical images
Limited interactiom and model descriptions
No video tutorials
Load time for each model is high

=A =4 =4 4
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AppendixB G a g nNiné Bvents oflnstruction

-

Gagne’s Nine Events of Instruction

http://www.e-learningguru.com/articles/art3 3.htm

Instructional Event _ Internal Mental Process

Gain attention . Stimuli activates receptors

. . . Creates level of expectation for
Inform learners of objectives learning

Stimulate recall of prior . Retrieval and activation of short-term

| : memory
earning Selective perception of content

Present the content . Semantic encoding for storage long-

term memory
. n . . "
Provide "learning guidance Responds to questions to enhance

Elicit performance (practice) encoding and verification
Reinforcement and assessment of

Provide feedback . correct performance

. Retrieval and reinforcement of
Assess performance content as final evaluation

Enhance retention and . Retrieval and generalization of learned
transfer to the job skill to new situation




AppendixC LearnersPre Survey

Using Technology for Learning
Have you used technology for learning in the past?
i

i

Yes
No

What device's do you use most to access the internet?

How frequently do you access the internet®

Have you ever completed an-&arning lesson/module?
-

i

yes

no

From the following list of IT devices, indicate your weekly hours of usage.

Ohrs 1-5 hrs 6-12hrs 12-20hrs 21+ hrs
Smartphone C C . - -
Digital Camera/Vide C C C & e
Tablet f“ f“ C f“ f“
PC - - - - -
Other IT device C C C C f‘
List the topics in ANATOMY AND PHYSIOLOGY that you found most difficult
List Topic Extremely Very Moderately _ o
P Difficult Difficult Difficult Explain how you found it difficult?
T i i
T i i
r - -
T i i
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Sample response

Learners Pre Survey
Using Technology for Teaching and Learning
Have you used technology for learning in the past?

Yes
“ No

What devicefs do you use most to access the internet? *

(~Fhore

How frequently do you access the infernet? *

LN tj_‘jc‘clb

Have you /pver completed an e-learning lesson/module?

yes
no

From the following list of IT devices, indicate your weekly hours of usage.

0 hrs 1-5 hrs 6-12hrs 12-20hrs 21+ hrs
Smartphone r r r 4
Digital Camera/Video = i
Tablet - o
PC c 4
Other IT device g ’

List the topics in A&P that you found most difficult

Extremely Very Moderately

List Topic : . > Explain how you found it
Difficult Difficult Difficult
difficult?
it s (’-'" e cL\csh el - NS ('_\
S TGN =
, 4 ' "
SN WO o v VOREAS ¢ iy = WS s
Yl & STy e aldl
| -~ v —~— L= N = e
..3'\-)» o) oe G (== 4 2 ey trirne bk
3 . —— = e € =t Sy \
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AppendixD PreSurveyResults

Have you used technology for learning?

HYes mNo

Pre Survey 1

Over 70% of participants said they have used technology formgarni

Elearning Experience

HYes mNo

Pre Survey 2

75% of students said they had experience in usihgdtning lessons, however that did not imply

they were familiawith simulation software.
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40
35
30
25
20
15
10

Frequency of Web use

m Daily mHourly mhalfhourly

Pre Survey 3

The frequency of web use was very high within both groalpstudentslaimed to use the web daily
(73%). This was useful information as it was reasonable to expest studentto be able to access

the Biodigital App or website on a frequent basis to develop a portfolio for the class. This response
also meanstudentavere hghly engaged in web based activities and would be comfortable with
accessing information on line. With ov&% of students saying they access the web daily there was
good evidence to suggest there was a high level of on line activity within each Tinetgpwas a

range of devices used by the groups to access the web, the survey showed a divide between PC and
mobile device web usagéhis had an impact of the selection criteria for the simulation software as it

needed to be cross browser compatible andetet operate on a variety of platforms.

Weekly I.T Usage

/

Less than an Hour 1 -5 Hours 6-12 Hours 12-20 Hours 21+ Hours

mmm Smartphone mmmm Digital camera/Video mmmm Tablet PC Total Hours

Pre Survey 4

The most used device in the group was the smartphone, followed by tablet devices. This information set the

criteria for the simulation software. Another factor in the design considerations wssub®f drive
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storage and version control on portfolio work. The software needed tostlidentdo work on their
portfolio in class but also at other locations on other devices. Ideally students would have a login to the
software and can access priasnwin order continue working on the portfol@nce the presurvey was

concluded the results were used to inform the software evaluation and a series of lessons were derived.
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AppendixE Lesson Orientation

Students were given various assignments irsclasthe first lesson, they were asked to isolate various

systems in the body using the control panel on thénbaitd side of the user interface. This feature allowed

students to select and investigate specific areas of anatomy which that they hadiffmuittgt with, and

|l ayer

turned on to view in isolation and multiple systems could be turned on simultaneously.

systems

n

«
«
«
«
«

parall el

Skeletal system

Connective tissue systems

Urinary system
Repro

Respiratory system

Nervous system
Cardiovascular system
Lymphatic system
Special sense organs
Viscera and fasc

Muscular system

» @ Muscles of head and neck
v @ Muscles of back

» @ Right extrinsic muscles of back

> @ |Left extrinsic muscles of back

» @ Rightintrinsic muscles of back

> @ Leftintrinsic muscles of back

«
o«
@ Muscles of abdomen
«
«
Ir

Muscles of upper limb

Muscles of thorax

Muscles of pelvis and perineum
Muscles of lower limb
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The second feature which students were shown how to use was the toolbar at the bottom of the user interface

This feature had several functions that enabled users to interact with the 3D model. One of the most fundamental

features

view a description and listen to the audio of the name of the component they had selected.

Biodigital toolbar

w a sThig finetionGalower kisers to seledd a specific component of a system or organ and

Pick Tools

—

3
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Fifth thoracic vertebra

In vertebrates, thoracic vertebrae
compose the middle segment of the
vertebral column, between the cervical
vertebrae and the lumbar vertebrae. In
humans, there are twelve thoracic
vertebrae and they are intermediate in
size between the cervical and lumbar
vertebrae; they increase in size going
towards the lumbar vertebrae, with the
lower ones being a lot larger than the
upper. They are distinguished by the
presence of facets on the sides of the
bodies for articulation with the heads of
the ribs, and facets on the transverse
processes of all, except the eleventh
and twelfth, for articulation with the
tubercles of the ribs. By convention, the ¥

Read More...

Pick tool function

The next tool learners were shotaught them how to use the dissect tool on the toolbar. This tool enabled
learners to carry out dissections on selected areas of anatomy. Once selected users can click on the selected
area to be dissected and layers would be removed to give greatecteespn the structures.

Dissect [Ctrl
+X]

I 4

/

Dissect Tool
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Right lung dissection

Once |l earners were shown the dissection tool they

viewo tool. This tool enabl ed user sokehapartaodgsglteel a ni m;
the various structures that it was comprised of. This feature built on the concept of dissection in a more

controlled format. Each component of the organ was broken apart in segregated form and the user had control

of the animatiorand was able to toggle and view the separation from 360 degree angles.

Exploded
View

Exploded view tool
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Exploded view of the heart

The next tool that was shown to learners was the annotation tool. This tool enabled users to pin notations to
specific areas on aleeted model. These notations could range from short labels to descriptive notes that
students took from their books or study notes. Once saved these annotations were available for printing or

later reference via the BioDigital personal bookmark feature.
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Annotation

Annotation tool

The next feature | earners were shown was dehtea it ake
portfolio outlining the roles and functions of various systems within the human Dlodywasdone using a
combination of tols mentionedimages were generated from screen captures and videos recorded of

aminations using thmolbar functionsThe graphical media was developed from learners own investigations

and was presented to each class in the final classnkers weresked to investigate specific systems/organs

in the body that they found difficuliy learning and reflect on their experience
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Acromion

Coracoid

Snapshot .
m »

Snapshot function

The portfolio was unique to each learner as the images and videos taken were specific perspectiess or angl
of the 3D modedthat captured thieconcept of new informationObservation®f these lessonsere
measuredy the researchersing a formative assessment mabixST SCASS (Heritage, 2012)

Once they had completed their model students were askedto e t hei r wor k i n the
section where they could retrieve it later

Immune System

Male Complete Anatomy Kidneys and Urinary System
Female Complete Anatomy Lungs and Breathing
Anatomy By Regions Mouth and Teeth

- Skin, Hair and Nails
Health Conditions

Blood, Heart and Circulation Femele Reproductive System

Bones, Joints and Muscles Male Reproductive System
Brain and Nerves Community
Digestive System Recent Bookmarks

Ear, Nose and Throat
My Human
Endocrine System
4 Personal Bookmarks

Eyes and Vision
Y ! Group Bookmarks

Save to personal bookmarks

75



Students were also encouraged to test their knowledge by taking quizzes through the BioDigital.interface
Multiple choice questions wepesented which tested knowledge on the specific area chosen to investigate, and

answers were given at the end of the quiz.

Question 1 0of 5

Identify the highlighted anatomy.
« | Medulla
«  Medulla
* | Medulla
* Medulla

*  Medulla

Multiple choice questions
Students were informed beforehand that the questions in the BioDigital quiz screenstw@eetly
alignedto the ITEC syllabus, and that the level of difficulty was higher than in the actual exam. Nonetheless
students got great enjoyment and assurance from going through the quiz screens and seeing their results at
the end of each quiAt theend of the final lessgstudents volunteered to present their portfolio to the

class and explain the slides/videos they chose to present.
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AppendixF Classroonobservations

Pre-TEL Lesson Class Observations
College of Further Ed
Date: Feb 272017

Coaurse: Sports Therapy

Topic - Lymphatic system
Class time 10aml130
Gender balance 50/50
Punctuality- average

Delivery

9 Didactic/ trans missive syllabus driven

1 Some use of IBL and Q&A discussions to interact and engage with learners.

1  Descriptive/narratie of curriculum Lymphatic system descriptions

1  Some students described specific conditions relating to lymphatic system disorders with personal

experiences.

Pace of lesson/rate of speech reduced as the topic was being introduced for the first timeatsd stud
were not familiar with terminology.

Use of whiteboard tutor used blank tables with headings to engage with learners (fill in the blanks)
Information was contextualised in narrative form to the related discipline of sports therapy

System was explainegiving perspective to other systems (already covered) and how the system
operates and where it is positioned in the body (narrative description) and how proportionate it is to
other organs/surrounding systems in the body.

System Functions Disorders

Example of classroom activity
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Pre-TEL Lesson Class Observations
Training Centre
March 7" 2017

Topic Cardio Vascular system

Course: Beauty Therapy
Class time 830ari0am

Gender balance 100% female

Punctuality good 1 person late for class

Resoures
i Handouts
1 Use of imags/pictures of labelled organs
1 Image extract from past exam paper.
9 Booki Heavily used in class
1 There are posters on class wall have illustrations of various anatomy and physiology systems (Hair

T

& Nails)

Medical Dictionary Tutor uss as a reference anatomy and physiology topics

The utor malereference to booluite frequently in class, the book is prescribed by ITEChasdmages

and descriptions ainatomy and physiologgystems.

Delivery of lesson

i There were a number of ailmemisvered in class that highlighted medical conditions that relate to the

role of a beauty therapist.

1 This was a revision class and the pace was fast, this pace of delivery primed students for the exam

conditions, the class also covers curriculum frore2asate awarding bodies which adds to the volume

of information covered.

1 The delivery of the lesson invited student discussion and Q&A with the tutor.

1 Sample test questions were covered in class which familiarised students with the testing process and the

format of the exam paper.

1 When explaining the septum in the heart the tutor made the connection to the septum in the nose

)which was covered previously) in order to illustrate the similarities to learners.

1 The learning environment is very open and socigirenment where students have a collective

interaction with the tutor and they discuss difficulties/challenges they have with curriculum in class.

Students discussed personal experiences in class to relate to syllabus experiences such as having a baby

/ high blood pressure/ diabetes etc was discussed in class.

9 Tables were used to illustrate structure eatbgorisesystems.
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Formative Assessment Rubric

The table below was derived from the Formative Assessment guidelines set out by the FAST SCASS

(Heritage, 2012jor use in observations and reflections on formative assessment practices.

Strategies to
Elicit

were used to colts
evidence of student

Dimensions of Formative Poor Average Evidence | Good Evidence
Assessment Evidence
Learning Learning goals were Exploration by most
Goals achieved and group merbers
milestones were met. demonstrated relatively

accurate understanding
of A&P principles.

Tasks and Tasks and activities Students accurately

Activitiesto | were carried out as followed the instructions

Elicit evidence of student but 34 details could

Evidence of | understanding have been refined.

Learning

Questions & | Questioning strategies Questions were

answered appropriately
with accurate
information anl

opportunity to think
metacognitively about
their learning.

Evidence of | thinking to illicit . ]
learning understanding systematic reasoning.
Construction | Studentgproduced 3D Careful and accurate
Materials models using the techniques used for the
Biodigital application most part but some
outlining what they detall_s coqld have be_en
had added and why explained in moreletail.
Self- SelfAssessment Accurate
Assessment | provided students an information was
taken from

several sources in
a systematic
manner.

Collaboration

A classroom culture
was established in
which students are
partners in learning.

Strong evidence
of collaborative
learning with peer
to peer learning
and sharing of

information.
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Appendix G VLE Log

A typical student VLE logakenon March 1% 2017atETB Training Centre

Name Location Visit Count
B2 BioDigital Human: Anatomy and Health Conditions in Interactive 3D https://human.biodigital.com/signup.html 1
[ H BioDigital: 3D Human Visualization Platform for Anatomy and Disease https://www.biodigital.com/enroll/mode/group/mrkt/academic 1
B2 BioDigital: 3D Human Visualization Platform for Anatomy and Disease https://www.biodigital.com/human-case-studies/nyu |
B3 BioDigital: 3D Human Visualization Platform for Anatomy and Disease https://www.biodigital.com/human-case-studies/smiletrain i
[ H BioDigital: 3D Human Visualization Platform for Anatomy and Disease https://www.biodigital.com/human-case-studies/yamuna 2
I BioDigital Human - 3D Anatomy - Android Apps on Google Play https://play.google.com/store/apps/details?id=com.biodigitalhum... 1
G Sign in - Google Accounts https://accounts.google.com/ServiceLogin?service=googleplay&p... 1

& play.google.com/store/apps/details?id=com.biodigitalhuman.human... https://play.google.com/store/apps/details?id=com.biodigitalhum... 1

I BioDigital Human - 3D Anatomy - Android Apps on Google Play https://play.google.com/store/apps/details?id=com.biodigitalhum... 1
= BioDigital Human: Anatomy and Health Conditions in Interactive 3D https://human.biodigital.com/signup-thank-you.html i
™ Your BioDigital Human Premium Subscription - bryan3@tcd.ie - Trini... https://mail.google.com/mail/u/1/#inbox/15a915c3752e459b i
@ BioDigital Human: Explore the Body in 3D! https://human.biodigital.com/user-account.html 0
D BioDigital Human: Health Care Provider Demo - YouTube https://www.youtube.com/watch?v=dW4JSMIBhWQ 1
@ BioDigital Human Tutorial: How To Use The Anatomy Explorer - You... https://www.youtube.com/watch?v=qMwLf3p4LSk i
[ > ] BioDigital Human Tutorial: Tour Of Animated Conditions - YouTube https://www.youtube.com/watch?v=eOo80AJW1el i
3 BioDigital Human Tutorial: Finding 3D Anatomy Models - YouTube https://www.youtube.com/watch?v=ncj82yEaK_| i
B3 BioDigital: 3D Human Visualization Platform for Anatomy and Disease https://www.biodigital.com/education 4
@ biodigital - YouTube https://www.youtube.com/results?search_query=biodigital i
) BioDigital, Inc. - YouTube https://www.youtube.com/user/biodigitalsystems i
@ BioDigital, Inc. - YouTube https://www.youtube.com/user/biodigitalsystems/videos i
@ www.google.com/search?q=biodigital&ie=utf-8&oe=utf-8&client=fi... https://www.google.com/search?q=biodigital&ie=utf-8&oe=utf-8... 1
G biodigital - Google Search https://www.google.ie/search?q=biodigital&ie=utf-8&oe=utf-8&c... 1
& www.google.com/search?q=biodigital&ie=utf-8&oe=utf-8&client=fi... https://www.google.com/search?q=biodigital&ie=utf-8&oe=utf-8... 1
G biodigital - Google Search https://www.google.ie/search?q=biodigital&ie=utf-8&oe=utf-8&c... 1
B2 BioDigital: 3D Human Visualization Platform for Anatomy and Disease ~https://www.biodigital.com/ 4
B2 BioDigital Human: Anatomy and Health Conditions in Interactive 3D https://human.biodigital.com/signin.html 6
B2 BioDigital Human: Explore the Body in 3D! https://human.biodigital.com/index.html 6
B3 BioDigital Human: Explore the Body in 3D! https://human.biodigital.com/widget/?be=1mi0&uaid=2li4v 2
B2 BioDigital Human: Explore the Body in 3D! https://human.biodigital.com/widget/?be=1mhr&uaid=21i3C 1
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AppendixH Post Questionnaire

PostLesson Evaluation Survey

All questions are optional:

1.1 Thinking about your course within the past year, to what extent do you agree with the following statements,

specifically considering the role technology hayethin learning Anatomy ar@hysiology’? Technology helped

7

me é
Do n g Strongly | Disagree| Neutral | Agree | Strongly
know | disagree agree
éengage in the |
éinvestigate tog
time
éreflect on cour

readngs, videos, etc.)
éconduct researdg
assignments

édocument
écompl et e

cl ass
case s

éexamine human 3
greater detalil

él earn through i
éget a c lefargaasrandi

systems in the human body.

1.2 Thinking about your course within the past year, to what extent do you agree with the following statements,
specifically considering how technology has contributed to your learning of Anatomy and|&ipy3i

Technol ogy used in my cl assé
Do n g Strongly | Disagree| Neutral | Agree | Strongly
know | disagree agree
éenriched my | es
éwas relevant tog

course learning objectives
écontributed to
completionof my course

éconnected cour s
real world experiences

éhel ped me under
fundamental concepts

ébuilt relevant
useful in the workplace

éhel ped make con
knowledge obtained in otherasses
éhel ped me udoder

grasp concepts or processes

éwas appropriate
being delivered

éhel ped me think
éhel ped me focus

activities or course materials

81



2.1How well did you understand the topisefore the experience?

1 2 3 4 5

Poor Understandin?™ & & {7 Excellent Understandil

2.2What is your overall rating ghe Biodigital ap@
1 2 3 4 5

Poor Ratinc &

i i Excellent Ratin

2.3How manyanatomy and physiologgystem#opicsdid you coveron the Bodigital appin theclasse®
© 01" 24 © 56" 74

2.4Did working with the Biodigital Youtube channel help you to gain a clearer understanding of how to use the

app?
If yes, explain in whiaway were you able to gain a clearer understanding?

2.5How effective do you feel computer simulation is as a method of learning?

2.6 What did you like best about this learning experience?

2.71In what way could this learning experienioe improved?
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Sample response

2.1 How well did you understand the subject before the expesience?

: 2 3 # 3§
72\
Poor Understanding ~ ¢ #7  ©  Excellent Understanding
2.2 What is your overall rating of the Biodigital app?
1 2 3 4 b)

Poor Rating =~ * c ~ Excellent Rating
2.3 How many anatomy and physiology systems/topics did you cover on the Biodigital app in the

classes? Pa

0-1 24 ‘C/Vﬂs X

2.4 Did working with the Biodigital YouTube channel help you to gain a clearer understanding of
how to use the app?
If yes, explain in what way were you able to gain a clearer understanding?

4

USE€Ad (&£ at NnNohwLl wo a Széud c{ a@{_

2.5 How effective do you feel computer simulation is as a method of learning?

‘/{ /\E/éf‘&-ﬁf ( e wndess /a.a ~A he HL”I'

2.6 What did you like best about this learning experience?

DI in CJ {hke 3D minalide Rl B o
.\&f o él O 147 & {—Qﬁ__,é"( L Q / (A0 g.él?(l") I/» “(/.jé-ll
i onn 4o  beok

2.7 In what way could this leaming experience be improved?

A

/}/ ;j,;'/‘{_,'/l‘ ."// f_/{ */2{,/./31_4.:,1” ' ) 3 /CQ-Q N 71.‘\(<
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Appendixl Post questionnainesponse

Simulation technology helped me
engage in the learning process

52y Qi Yy
m Strongly disagree
m Disagree

Neutral
m Agree

m Strongly agree

Simulation technology helped me
Investigate topics outside class time

52y Qi Yy
m Strongly disagree
m Disagree

Neutral
m Agree

m Strongly agree

Simulation technology helped me
reflect on course materials (e.g.,
readings, videos, etc.)

52y Qi Yy
m Strongly disagree
m Disagree

Neutral
m Agree

m Strongly agree
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Simulation technology helped me
conduct research for class
assignments

52y Qi Yy
m Strongly disagree
m Disagree

Neutral
m Agree

m Strongly agree

Simulation technology helped me
document class work or projects

52y Qi 1Y
m Strongly disagree
m Disagree

Neutral
m Agree

m Strongly agree

Simulation technology helped me
complete case studies

52y Qi Yy
m Strongly disagree
m Disagree

Neutral
H Agree

m Strongly agree
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Simulation technology helped me
examine human anatomy in greater
detalil

52y Qi 1Yy
m Strongly disagree
m Disagree

Neutral
H Agree

m Strongly agree

Simulation technology helped me
learn through interactive activities

m52y Qi 1Y
m Strongly disagree
m Disagree

Neutral
m Agree

m Strongly agree

Simulation technology helped me get
a clearer image of organs and
systems in the human body.

m52y Qi 1Y
m Strongly disagree
m Disagree

Neutral
m Agree

m Strongly agree
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Technology used in my class enriched
my learning experience

m52y Qi 1Y

m Strongly disagree

17% | 12%

m Disagree
Neutral
H Agree

m Strongly agree

Technology used in my class was
relevant to my achievement of course
learning objectives

m52y Qi 1Y
m Strongly disagree
m Disagree

Neutral

H Agree

m Strongly agree

Technology used in my class
contributed to the successful
completion of my course

m52y Qi Yy
m Strongly disagree

m Disagree

Neutral

H Agree

m Strongly agree
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Technology used in my class
connected course materials and real
world experiences

m Strongly disagree
m Disagree

Neutral
H Agree

m Strongly agree

Technology used in my class helped
me understand fundamental
concepts

m Strongly disagree
m Disagree
Neutral
m Agree

m Strongly agree

Technology used in my class built
relevant skills that were useful in the
workplace

m Strongly disagree
m Disagree

Neutral
H Agree

m Strongly agree

m52y Qi 1Y

m52y Qi 1Y

52y Qi Yy
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Technology used in my class helped
make connections to knowledge
obtained in other classes

m Strongly disagree
m Disagree

Neutral
H Agree

m Strongly agree

Technology used in my class helped
me understand hareto-grasp
concepts or processes

9% 9% m Strongly disagree
m Disagree

Neutral
H Agree

m Strongly agree

Technology used in my class was
appropriate to the content being
delivered

m Strongly disagree
m Disagree

Neutral
H Agree

m Strongly agree

m52y Qi 1Y

m52y Qi 1Y

52y Qi Yy
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Technology used in my class helped
me think critically

m Strongly disagree
m Disagree

Neutral
m Agree

m Strongly agree

Technology used in my class helped
me focus on learning activities or
course materials

m Strongly disagree
m Disagree

Neutral
H Agree

m Strongly agree

m52y Qi 1Y

m52y Qi 1Yy
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Responsespreadsheet

Dondt Strongly | . Strongly
gz ko disagree Oizagree| Meutral | Agree agree
Technology used inmy class enriched my learning 2 B i 4
EHperience

Dt E“:tr-:nnglg Oizagree| Meutral | Agree Strangly

k.niow dizagree agree
Technology used inmy class was relevant bo my 5 i 0
achiegement of course learning objectives

Dont E“:tn:unglg Dizagree| Meutral | Agree Strongly

k.ric dizagree agree
Technology used inmy class contributed o the 4 " &
suzcesshul completion of my course

Dt E“:tr-:nnglg Oizagree| Meutral | Agree Strangly

k.niow dizagree agree
Technology used inmy class connected course

. . 2 E 12 4
materialzs and real world experiences

Dont E“ftn:nnglg Oizagree| Meutral | Agree Strongly

k.ric dizagree agree
Technology used inmy class helped me understand i i 4
fundamental concepts

Dont S_tn:nnglg Oizagree| Meutral | Agree Strongly

k.ric digagres Agres
Technology used inmy class builk relegant skills that

- 2 2 4 16
were useful in the workplace

Dt E“:tr-:nnglg Oizagree| Meutral | Agree Strangly

k.niow dizagree agree
Technology used inmy class helped make 4 4 "
connections bo knowledge obtained in ather classes

Dont E“ftr-:nglg Oizagree| Meutral | Agree Strongly

k.ric dizagree agree
Technology used inmy class helped me understand 5 B 12 5
hard-to-grasp concepts of processes

Dont E“:tmnglg Dizagree| Meutral | Agree Strongly

k.ricw dizagree agree
Technology uzed inmy class was appropriate to the 5 B "
content being delivered

Dant S.tr-:nglg Oisagree| Meutral | Agree Strangly

k.riciw dizagree agres
Technology used inmy c¢lass helped me think critically 2 2 4 18

Dont E“:tn:unglg Dizagree| Meutral | Agree Strongly

k.ric dizagree agree
Technology used inmy class helped me focus an 4 4 "

learning activities or course materials
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Subjective question reponses.

2.4Did working with the Biodigital YouTube channel help you to gain a clearer understanding of how to use the
app? If yes, explain in what way were you able to gain a clearer understanding?

Responses from learners

Yes it was like a manual tositmuct step by step

Understanding diagrams in detail

Explained how to use the app

Yes it explained how to use each feature

Yes, gave extra information. However | grasped the use of the app without the need
watch the youtube channel

Used it at home as study aid

Excellent very informative

Yes, showed in depth how human body works

No not really

No | didnét view this

Di dndét get a chance to view this prop
Yes | liked how it went through the use of the app and demonstrated its features

| got to see how dissections were done

I dondét wuse technology much but | i k
body

| could see how to use it better

|l was able to view extra features tha
Some of theigleos were not relevant to the course

| could just watch the videos instead of using the app to understand the A&P system
The videos explained how to use the app (audio)

There were lots of different examples to see and this gave me ideas for my portfolio
| found it helped when we were not in class

E R N =4 =4 =8 =8 -9

=4 =4 =8 -8 -8 -89

2.5 How effective do you feel computer simulation is as a method of learning?

Responses from learners

Very effective

Very as it brings a method of dissecting human body and how systems connect
Good

Its good forme personally

It would be good for people who are computer savvy

Very effective as it helps virtual learning with book learning

V.Good gives 3D version of what we learned in the class

It helped me understand better

Very good, (for those who can use coremit Some struggled. | found it fairly easy

It can be effective when the content is clear

Thatés very helpful for studying wild./
More interesting and fun

It was much better than the book

I liked how I could switchdtween systems this helped me see how it all works togeth
On its own its OK but if used by the teacher this could be the best way to learn

I like to see the models and how the systems link together this helped me learn morg
A great study aid | ked that | could use it from anywhere in my own time

Very effective compared to the classroom and books

Brings the book to life!

Its good if you know how to use it or get help from others, its too much for me on my
| found it interesting and a chang®im normal classes

It helped me understand by seeing the models and being able to click on them for
information.

It could be useful if used with the books.

E R e I T I R e

=
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2.6 What did you like best about this learning experience?

= =4 =4 =8 =8 -8 889 _9_9_9_9_°9_-°

=A =4 -4 =9

Responses from learners

Its interactive and better to see a 3D version

Learning new things about the body and cover more topics

That you can see all organs and body parts in 3D views

Being able to see the systems we have been talking about in class

Interactive 3D effects was useful in leargpin

Seeing the 3D model and each section
The visual effects were excellent for learning

How in depth you can learn the anatomy and physiology of the body

Seeing different angles of the body on the biodigital iteebs

Not sure.

Can see more up close and deeper than the book

Interactive to use, clearer images, pathology notes

Examine items in more detail than books

It helped me understand more about the body and gave me a clearer insight to anatq
and physiology
| liked how | could add my own notes into the models and see different systems at th
time

Being able to see more detail and save the model for study notes

| could see organs for different perspectives and interact with them
The 3D models can be splitapand you can see more detail

Seeing the models move helped me understand how the body works.

2.7 In what way could this learning experience be improved?

=4 =4 =8 =8 -8 -8 _-a_1

=a =

= =4 =8 =8 =9

Responses from learners

If it was used as a regular teaching tool

If it had a way to activate thmuscles when you clicked on them to watch how they mqg
Not sure

Start at the beginning of the course and it would work really good

Its perfect!

Used throughout the course/ needs to be put in place

Making it easier to use on the phone

If our course curriclum (exam papers) were on the app and if irrelevant information i
regards to our exams was removed. (extensive details there which we do not need t
It could have been improved if we had started it earlier and not 6 weeks before our fi
exams.

More realistic 3D view etc live video

Start at the beginning of the course and not at the end it would have helped or been
appropriate.

The quiz questions were too hard and not related to our exam

If the classes were done at different times in the getat the end

The descriptions are too complicated

If we could do assignments using the biodigital app

Use it in class more instead of books
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AppendixJ Focusgroupthemes

Introduction:

1

Do you enjoy learning\+P?

Learning Experience:

1 Did you like the methods useth this project? If so Why/Why not?

1 What did you think about the structure of the learning experience? Did you like/dislike it, if so why and
how?

1 Did you find the project interesting? If so Why/Why not? Could you give me an example what you
found the most/least interesting in the project?
Do you think you learned any némafo relating to A&Por any new Skill§rom this series of lessons
Do you think how you learnedsing this technologwas different? If so why/why not? What did you
think about learning this way?
What did you find difficult/easy imsing the technologgnd why did you find these difficult?
Did you find thisapproachbeneficial to your learning athatomy and physiolo@yif so why/why not,
what parts of the project did ydund/not find beneficial or useful?

1 Did this project improve your observation, inquiry, and critbatking skills. If so how/ why/why not?
Dicsuus?
Do thinkthe exercises enabj®u to present, create work? If so how?
Do you consider this use of teublogy in teaching to ban innovatiove and creatiaoprocl? If so
how?In what way was thiginovatiove and creative?

1 Do you think you described, illustrated aidéntified patterns in this project? $focanyou give
example?

Technology:

1 Did you usehetechnology much in this project? If so which technology did you use? What did you like
about the technology?

1 Do you think the technology helped you to learn in this project? If so why/why not and How? Could you
give me examples of how the technolgojplkeé/hindered/ou?

1 Whataspect®f the technology did you enjoy? Do you think these featues effected how you learn? If so
why/why not?
What technology did you uske mos? Was this technology difficulbr easyto useand explain why?
Did you like usingechnology in the classroom? If so why/why not? Do you think teachers should use
more technology in the classroom?

1 Wouldworking with the technologin groups be a better approch to A&P Simulatidifi so how?
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AppendixK Focus Groug@ranscript @ding Sample

Due to the environment in which the focus group took place (classroom) the audio recordings were not
entirely audible. In both classes, there were sections of the recording where learner comments were not
picked up by the recording devicko maintain he validity of the datagaps were put in place in the

transcription.
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Open Coding keyword identified

It wasreally good there was a variety (B that related to the classes aiidvas goodo be able to
B8kthe MiBBBIrom different angles. liked it. The class time went really quickly. | was abl Siikilipthe
youtube videos fdiélpon how| I | think using it from the start of the course would be a better way
to do it.

Yeah the demd®lped me to grasp the ideaghjoyecdusing the app | used it to print off rfijBiglisand use
for study notes. | think there could have been more time allowed to get the work d@segoodo B8

ot her pe o pB8hovsothersweifiliillln d

| think the same stuff could [@ffied in class but this was mdiun, | liked how ISRt Was being

able to filter thesysters andiil-EEEEEIE <" the organs. | reallgnjoyedabelling thejiiBligisand
BRI, ' think the questions in the quiz are very diffiauit if they were more like the ones in

the exam it would be better.

| think it was veryi€lgful, | was able t@@ethe organs and body [lIEIUEI and isolate the different
parts of the body. | think it would have been better if we used this frostath@s we have exams coming

up now and theres not much time left on the course.

Ive never used computers f@BIRing like this beforel liked how thelilBtigisyaveloleNienn the
anatomy than thjjillls but | was frustreed at times trying to use theouse and get the functions to work. |

would still prefer a teacher to deliver the lesson to the class.

| think it would work well using it with tHillllk | [€8fBed some new things frdieinicthe 3D|iiBEgisand |

found itmore interestingo [8&M with. It was goodhat we could save the work and come back to ifSed

it on other devices.
| found iteasy to usé was like a computer game, | think it wolllel good to use thia class at times

instead of thfilllk It was goodo be able t@8khow the ogans connected in the body di@ehow they
were broken apart. | alsliked how | could email the model to other people.
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Directive coding themes

Q. Did you find the project interesting? If so Why/Why not? Could yvou give me an example
what yog found the most/least interesting in C}be project? T
! enjoyed wsing the Biodigital app, it has a lot of systems that help to learn about anatomy, 1
think some of the descriptions are a b:t%c}v d for the level we need to know. Also, the quiz

was very da@cult even the multiple-choice questions.

Q. What did you find difficult/easy in usin the technology and why did you find these difficult?
Yeah I think technology should be used more on this course, bxg sometimes people in the class
might not be 1T savvy and its probably better if the teacher shows the models on the screen until

everyone gets used to the app... .....

Cy— o
I'was frustrated at the start because I couldn 't log in and 1 had difficulty learning how :g use the
mouse and finding my way aci'ound the screen. Once I was shown how to gﬂl and separate lhe
systems in the model it was beiter. I think this would be better if we used it from the start and

- C- L'f .
didn 't have as many tasks to do in one class.

4 —
I thought it Q g ood but it would have been better if we used it from the start of the course

(%)
because we didn't have much time to do the lessons at the end,

Q. Do tlnnk the exercises enable You o present, ereate werk? Iwo hewt . + B3I

Yea rt dzd, when we w orked on aur an mgtj Is and could add in the labels and stuff that was
AZ4
creative and we could then MLML&QHLHLMd
D24 Ci1+

I lhmé: it’s very creative way to learn the subject, there are a lot of features in the e app than help
4 4

to Iearn more detail and 1 hkedtsmw there is features that show health condzl:om‘ and examples

of dlssecnons. The library feature was very good to see how the dissections work.

Q. Do you think h()év you learneg using this technology was dlﬂ‘erent" If so wlly/whi' not?
Yeah it was more visual, 1 cou!d see thé parts of the body more clearly, could see in greater
detail and that helped me compared to lookmg at pictures in the book.

C Yyt A4+ Aci4-
It was more interesting to be doing the discretions and exploring the different systems it helggd

build o’?r ';,rdc: lessons we already had done in other classes.

Q. Would working with the technology in groups be a better approch to A&P Simulation? if so

how? A2 —
1 think working in groups would be better as those who know more I.T could help others who

AZ —
don't know as much... perhaps you could group people who know about 1.T with those who know

more about anatony and physiology.



Q Search Human Library

AppendixL StudentPortfolio Samples

Available at:http://bit.ly/2onCxcr
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Available at:http://bit.ly/2o0nAW6h
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Fright Gluteus Masdmis
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http://bit.ly/2onBs42
http://bit.ly/2onssfm
http://bit.ly/2ozZf2i
http://bit.ly/2n3lksG
http://bit.ly/2onCxcr
http://bit.ly/2onAW6h

Acromion

Available at:http://bit.ly/200t00I

Available at:nttp://bit.ly/2gDyGt1

Available at:http://bit.ly/2gDUPHL

Available at:nttp://bit.ly/200sTmp
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http://bit.ly/2qDsr8T
http://bit.ly/2oOt0OI
http://bit.ly/2oOp6Wo
http://bit.ly/2qDyGt1
http://bit.ly/2qDUPHL
http://bit.ly/2oOsTmp

AppendixM Ethics Application

School of Computer Scienceand Stéistics Research Ethical Appication Form

Part A

Project Title:An Investigation into the use of technology in an active learning environment in the teaching
of Anatomy and Physiology to Adult Leaars.

Name of LeadResearcher (student in case of projectwork): Barry Ryan

Name of Supervisor: Dr Inmaculada Arnedill&sdnchez

TCD E-mail: bryan3@tcd.ie ContactTelNo.: 0872422595
Course Name and Code (if applicable): MSc Technology and Learning
Estimated start dateof survey/researb: Jan 2017

| confirmthat! will (whererelevant):

1 Familiarize myself with the DataProtection Act and the Cdll ege Good ResearchPracticeguidelines

http://www.tcd.ie/info_compli ancedp/legislation.php;

 Tell participants that any recordings, e.g. audio/vided'photographs, will not be identifiable unless
prior written permission has been given. | will obtain permisdgon for specific reuse (in papers, talks, etc.)

1 Provide participants with an information sheet(or web-page for web-based experiments) that
describeghe main procedures(acopy of theinformation sheetmust be included with thisapplication)

f Obtain informed consent for participation (a copy of the informed consent form must be included

with this application)

Should thereseath be observational, ask participants for their consent to be observed

Tell participantsthat their participation isvoluntary

Tell participantsthat they may withdraw at any time and for any reason without penalty

Give participantsthe option of omitting questionsthey do not wish to answerif aquedionnaireisused

Tell participants that their datawill be treatedwith full confidentiality and that, if publi shed, it will not

beidentified astheirs

1 Onreguest,debrief participants atthe end of their participation (i.e. give them abrief explanation of the

study)

Verify that participants are 18 yearsor older and competent to supply consent.

If the study involves participants viewing video displays then | will verify that they understand that

if they or anyoneintheir family hasa history of epilepsy then the participant is proceading attheir own

risk

1 Declareany potential conflict of interest to participants.

1 Informparticipantsthatin the extremely unlikely event thatillicit adivity isreportedto me during the
study | will be obligedto report it to appropriateauthorities.

 Actinaacordancewith theinformation provided(i.e.if | tell participants| will not do something, then |
will not do it).

Signed: &0/7 p\fca/\

LeadReseacher/student in case of projectwork

= =4 =4 -8 =4

= =4

Date:09/01/2017 ..o
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Part B

Please answerthefoll owing questions. Yes/No

Hasthisreseach appli caion or any application of asimilar nature connectedto thisreseach projec  No

been

refusedethical approval by another review committeeof the Coll ege (or atthe

Will your projectinvol ve photographing patticipants or eledronic audio or videoreoordings? Yes

Will your projectdeliberatéy invol ve misleading participantsin any way? No

Doesthis study contain commercialy sensitive material? No

Is therearisk of participants experiencing ether physical or psychological distress or discomfort? No

If yes,

give detdls on a separateshed and statewhat you will tell them to do if they should experience

Doesyour study involve any of the Children(under 18 yeasof age) No

following? Peoplewithintellecdual or communication dficulties No
Patients No
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School of Computer Scienceand Stéstics Research Ethical Appication Form

Detailsof the Research Project Proposal must be submitted as a separatedocument to include the following
information:
1. Titleof project
2. Purpaoseof projectincluding academic rationale
3. Brief descriptionof methods and measurementsto be used
4. Participants - reauitment methods, number, age, gender, exclusion/inclusion criteria, including
statistical justification for numbersof participants
Debriefingarrangements
A clearconcise statement of the ethical considerations raised by the projectand how you intend to
deal with them
7. Citeany relevant legislation relevant to the projectwith the method of compliancee.g. Data Protection Act
etc.

oo

Part C

| confirm that the materials | have submitted provided a complete and accurate acount of the research |
propacse to conductin thiscontext, including my assesament of the ethicd ramifications.

Bﬂff7 [l‘(w/‘

Thereis an obligation on thelead resercher to bring to theattention of the SCSSResarch Ethics
Committeeany issueswith ethical implicationsnot clearly coveredabove.

Signed: Date:.09/0L/D17...cccceeeviiiieeeeieeeeee

Part D

If external or other TCD Ethics Committeeapproval hasbeenreceied, pleasecomplete
below.

External/TCD ethical approval has been received and no further ethical approval isrequiredfrom the Schodé s
Reseach Ethical Committee. | have attacheda copy of the external ethical approval for the School dReseach
Unit.
Signed Date..

LeadReseacher/student in case of projectwork

Part E B

If the research is proposedby anundergraduateor postgraduate student, pleasehave the below sedion
completed.

| confirm, as an academic supervisor of this proposed reseach that the documents at hand are complete (i.e.
eachitem on the submissibn checklist isaacountedfor) and areinaformthatis suitablefor review by the SCSS
Research Ethics Committ

PR S Y

A u(\s\&\x Dnnicl‘_”j;
Signed: = Date:09/01/D17
Supervisor

Completed application forms togethaith supporting doaumentation shoud be submitted electronically to
researchrethics@scssted.ie Please use TCD e-mail addresses only. When your application hasbeenreviewed and
approved by the Ethics committee hardcopieswith original signaturesshould be submitted to the Schod of Computer
Science& Statistics,RoomF37,0 6 R e InslituteyTrinity College,Dublin 2
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TRINITY COLLEGEDUBLIN

INFORMATION SHEETFORPROSPECTIVEPARTICIPANTS

Project: An Investigation into the use of technology in an active learning environment in the teaching of
Anatomy and Physiology to Adult Learners.

BACKGROUND OF RESEARCH:

The background to this research relatethe difficulties adult learners face in learning Anatomy
and Physiology, in particular the issues with information being abstract and the complexity of
various systems within the human bolthe purpose of the research is to investigate the
effectivenes®f teaching Anatomy and Physiology to adult learners using computer simulation. In
particularwhat specific effects does computer simulation havstaegent engagemeéhitiow can
computer simulation address the difficulties identified in learning abstfacimation? Are some of
the questions to be addressed.

The work is being undertaken by the researcher towards the fulfilment of a requirement for
the M.Sc. in Technology and Learning in Trinity College Dublin.

PROCEDURESOF THISSTUDY:

Participation irthe research is completely optional and voluntary. You may withdraw at any time. If
you choose to participate, the research will proceed as follows:

Students will be asked to complete a brief survey about current use of IT applications and askedfy/to ident
A&P topics that have been difficult to understand/learn.

. A series of computer simulations will be run in class over a 5 week period where students will be shown how
to use the Biodigital software and a number of exercises will be covered in clasg dathl topics that have

been identified. The researcher will be present in the room for these classes taking notes and populating a
formative assessment rubric.

Students will then work on building a portfolio of graphics generated from screen capilirgdens taken
using the bio digital software.

Once complete students can volunteer to present their work to the class, students will then be asked if they
would like to participate in a focus group discussion. No recordings will be replayed in dicyfquim or
made available to any audience other than the researcher.

. At the end of the final lesson students will be asked to complete an evaluation survey.

Voluntary nature

Participating in this project is voluntary. You may change your ramdl stop at any time. You may also
choose to not answer a question for any red$arstudent does not wish to participate in the learning activity
they will be accommodated in the supervised study hall and be assigned revision work for the Anatomy and
Physiology exam.

Benefits
The aim of this project is to identify the improvement of students understanding and depth of learning Anatomy
and physiology through constructionist simulations in a collaborative learning environment.

Risks and Discomforts:
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Answering questions about oneds experiences may b
at any time. You may withdraw from the study at any time without penalty. You may withdraw your
permission of participation at any time.

Confideriality

| plan to publish the results of this study. My report will not include any information that would
identify you or the college. To keep this information safe, | will store any audio file to an encrypted
and passworprotected USB device. This USEvice will be stored in a secure safe for the duration
of the learning experience. | will remove or change names in the interview transcripts.

| Barry Ryan am undertaking research in order to highlight the advantages of using technology in the
teachig of anatomy and physiology to adult learners. | promise to ensure good ethical practice in
conducting the research. | promise at all times to negotiate permission to conduct the research, respec
confidentiality, and tthdrae atany tinee frgrethetresearchpant s 0

RESEARCHERS CONTACT DETAILS: bryan3@tcd.ie, phone: 0872422595
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TRINITY COLLEGEDUBLIN
INFORMEDCONSENTFORM

Lead Researcher: Barry Ryan

Project: An Investigation into the use of technology in an active learningr@mvient in the teaching of
Anatomy and Physiology to Adult Learners.

BACKGROUND OF RESEARCH:

The background to this research relates to the difficulties adult learners face in learning anatomy and
physiology, in particular the issues with informationngeabstract and the complexity of various
systems within the human bade purpose of the research is to investigate the effectiveness of
teaching Anatomy and Physiology to adult learners using computer simulation. In pawicaiar

specific effects doesomputer simulation have @tudent engageméhitiow can computer

simulation address the difficulties identified in learning abstract information? Are some of the
questions to be addressed.

The work is being undertaken by the researcher towards the fulinent of a requirement for
the M.Sc. in Technology and Learning in Trinity College Dublin.

PROCEDURESOF THISSTUDY:

Participation in the research is completely optional and voluntary. You may withdraw at any time. If
you choose to participate, the rasgh will proceed as follows:

Students will be asked to complete a brief survey about current use of IT applications and asked to identify
A&P topics that have been difficult to understand/learn.

A series of computer simulations will be run in class @a/Brweek period where students will be shown how

to use the Biodigital software and a number of exercises will be covered in class dealing with topics that have
been identified. The researcher will be present in the room for these classes taking notesiatidg a

formative assessment rubric.

Students will then work on building a portfolio of graphics generated from screen captures and videos taken
using the bio digital software.

Once complete students can volunteer to present their work to thestladents will then be asked if they
would like to participate in a focus group discussion. No recordings will be replayed in any public forum or
made available to any audience other than the researcher.

At the end of the final lesson students Wil asked to complete an evaluation survey.

PUBLI CATION:

The research will be published in the researcher's dissertation for the M.Sc. in Technology and
Learning in Trinity College Dublin. Conclusions and findings may also be shared among FET
managemeirto inform policy decisions around the use of computer simulation in the teaching of

A&P modules. All data will be aggregated anonymously and research reported on aggregate results.

Consent Form for students participating in the learning experience.

DECLARATION:

| am 18 yeas or older and amcompetent to provide consent.

| haveread, or hadreadto me, adocument providing information about thisresearctand this consent
form. | have hadthe oppartunity to ask questions and all my questions have beenansweredto my
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satisfacion and understand the descriptionof the reseach thatis being providedto me.

| agreethat my datais usedfor scientific purpasesand | have no objectionthat my datais publishedin

scientific publicationsin away thatdoes not revealmy identity.

| understand thatif I makeillicit activities known, these will be reported to appropriateauthorities.

| understand that| may stop el ectronic recordings atany time,and that| may atany time, evensubsequent to

my participation have such recordings destroyed(except in situations such asabove).

| understand that, subjectto the constraints above, no recordings wil | be replayedin any public forum or

made available to any audienceother thanthe current researdersresearcheam.

| fredy and voluntaril y agreeto be part of thisresearclstudy, though without prejudice to my legal and

ethical rights.

| understand that| may refuse to answer any question and that | may withdraw at any time without penalty.

| understand that my participationis fully anonymous and that no personal detailsabout me will be recorded.
| understand thatif | or anyone in my family hasa history of epil epsy then | am proceeding at

my own risk.

| haverecevedacopy of this agreement.

Consent form for students participating in the learning experience.
PARTICIPANTO BAME: ........ccvvvee.

PARTICIPANT® SSIGNATURE: ........ccceun..... agree to take part in this research project.

Statement of investigator &esponsibility: | have explained the nature and purpose of thisresearchstudy,
the proceduresto be undertaken and any risksthat may beinvolved. | have offeredto answer any questions
and fully answeredsuch questions. | believe that the participant understands my explanation and has fredy
giveninformed consent.

Signature of Researcher.................

RESEARCHERS CONTACT DETAILS: bryan3@tcd.ie, phone: 0872422595
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TRINITY COLLEGEDUBLIN

INFORMATION SHEETFORPROSPECTIVETEACHERS

Project: An Investigation into the use of technology in an active learning environment in the teaching of
Anatomy and Physiology to Adult Learners.

BACKGROUND OF RESEARCH:

The background to this research relates to the difficulties Eduhers face in learning Anatomy

and Physiology, in particular the issues with information being abstract and the complexity of
various systems within the human bolthe purpose of the research is to investigate the

effectiveness of teaching Anatomy aPllysiology to adult learners using computer simulation. In
particularwhat specific effects does computer simulation havstaegent engagemeéhitiow can

computer simulation address the difficulties identified in learning abstract information? Are some of
the questions to be addressed.

The work is being undertaken by the researcher towards the fulfilment of a requirement for
the M.Sc. in Technology and Learning in Trinity College Dublin.

PROCEDURESOF THISSTUDY:

Participation in the research is contplg optional and voluntary. You may withdraw at any time. If
you choose to participate, the research will proceed as follows:

Students will be asked to complete a brief survey about current use of IT applications and asked to
identify A&P topics that hae been difficult to understand/learn.

A series of computer simulations will be run in class over a 5 week period where students will be
shown how to use the Biodigital software and a number of exercises will be covered in class dealing
with topics that hae been identified. The researcher will be present in the room for these classes
taking notes and populating a formative assessment rubric.

Students will then work on building a portfolio of graphics generated from screen captures and
videos taken usindne bio digital software.

Once complete students can volunteer to present their work to the class, students will then be asked
if they would like to participate in a focus group discussion. No recordings will be replayed in any
public forum or made avaible to any audience other than the researcher.

At the end of the final lesson students will be asked to complete an evaluation survey.

Voluntary nature

Participating in this project is voluntary. You may change your mind and stop at anyYioménay also
choose to not answer a question for any red$arstudent does not wish to participate in the learning
activity they will be accommodated in the supervised study hall and be assigned revision work for the
Anatomy and Physiology exam.

Beneits

The aim of this project is to identify the improvement of students understanding and depth of learning
Anatomy and physiology through constructionist simulations in a collaborative learning environment.
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Risks and Discomforts:

Answering questionsabut oneds experiences may be uncomforta
question at any time. You may withdraw from the study at any time without penalty. You may withdraw

your permission of participation at any time.

Confidentiality

| plan to pubish the results of this study. My report will not include any information that would
identify you or the college. To keep this information safe, | will store any audio file to an encrypted
and passworprotected USB device. This USB device will be stared secure safe for the

duration of the learning experience. | will remove or change names in the interview transcripts.

| Barry Ryan am undertaking research in order to highlight the advantages of using technology in
the teaching of anatomy and plotsigy to adult learners. | promise to ensure good ethical practice

in conducting the research. | promise at all times to negotiate permission to conduct the research,
respect confidentiality, and to enmthareseaxlar t i c

RESEARCHERS CONTACT DETAILS: bryan3@tcd.ie, phone: 0872422595
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TRINITY COLLEGEDUBLIN
TEACHERS INFORMEBCONSENTFORM

Lead Researcher: Barry Ryan

Project: An Investigation into the use of technology in an active learning environmdrd tedching of
Anatomy and Physiology to Adult Learners.

BACKGROUND OF RESEARCH:

The background to this research relates to the difficulties adult learners face in learning anatomy and
physiology, in particular the issues with information being abstrattize complexity of various

systems within the human badiyhe purpose of the research is to investigate the effectiveness of
teaching Anatomy and Physiology to adult learners using computer simulation. In pavicatar

specific effects does computemsilation have ostudent engageméhitiow can computer simulation
address the difficulties identified in learning abstract information? Are some of the questions to be
addressed.

The work is being undertaken by the researcher towards the fulfilment of aquirement for the
M.Sc. in Technology and Learning in Trinity College Dublin.

PROCEDURESOF THISSTUDY:

Participation in the research is completely optional and voluntary. You may withdraw at any time. If
you choose to participate, the research willgeed as follows:

Students will be asked to complete a brief survey about current use of IT applications and asked to
identify A&P topics that have been difficult to understand/learn.

A series of computer simulations will be run in class over a 5 wegkdpehere students will be

shown how to use the Biodigital software using various youtube tutorials and a number of practical
exercises will be covered in class with the assistance of the teacher acting as a facilitator in the
delivery of the dessons. Te researcher will also be present in the room for these classes offering
technical assistance as required and taking notes and populating a formative assessment rubric.

Students will then work on building a portfolio of graphics generated from screemesapnd videos
taken using the bio digital software.

Once complete students can volunteer to present their work to the class, students will then be asked if
they would like to participate in a focus group discussion. No recordings will be replegmg in
public forum or made available to any audience other than the researcher.

At the end of the final lesson will be asked to complete an evaluation survey. The teacher will also be
asked to participate in a recorded interview at the end of thddssin based on the themes of the
focus group discussion.

PUBLI CATION:

The research will be published in the researcher's dissertation for the M.Sc. in Technology and
Learning in Trinity College Dublin. Conclusions and findings may also be shared &&dng
management to inform policy decisions around the use of computer simulation in the teaching of
A&P modules. All data will be aggregated anonymously and research reported on aggregate results.

Consent Form for teachers participating in the learningpce.
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DECLARATION:
| am 18 yeas or older and amcompetent to provide consent.
| haveread, or hadreadto me, adocument providing information about thisresearctand this consent form. |
have hadthe oppatunity to ask questionsand all my questions have beenansweredto my satisfacion and
understand the descriptionof the reseach thatisbeing providedto me.
| agreethat my datais usedfor scientific purposesand | have no objectionthat my datais publishedin scientific
publicationsin away thatdoes not revealmy identity.
| understand thatif | makeillicit activities known, these will be reported to appropriateauthorities.
| understand that| may stop electronic recordings atany time,and that| may atany time, evensubsequent to my
participation have such recordings destroyed(except in situations such asabove).
I understand that, subjectto the constraints above, no recordings wil | be replayedin any publi c forum or made
availableto any audienceother thanthe current researders/researchteam.
| fredy and voluntaril y agreeto be part of thisresearcistudy, though without prejudiceto my legal and ethical
rights.
| understand that| may refuse to answer any question and that | may withdraw at any time without penalty.
| understand that my participationis fully anonymous and that no personal detailsabout me will be recorded.

| understand thatif | or anyonein my family hasa history of epil epsy then | am proceeding atmy own
risk.
| have recevedacopy of this agreement.

Consentform for students participating in the learning experience.
TEACHERSNAME: ..........cco......

TEACHERS SIGNATURE: ................... agree to take part in this research project.

Statement of investigator @esponsibility: | have explained the nature and purpose of thisresearcistudy, the
proceduresto be undertaken and any risksthat may beinvolved. | have offeredto answer any questions and full y
answeredsuch questions. | believe that the teacheunderstands my explanation and has fredy given informed
consent.

RESEARCHERS CONTACT DETAILS: bryan3@tcd.ie, phone: 0872422595
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Letter to Principle and Board of Management

Dear, Deirdre
Permission to undertalke research;

As part of my work in the Masters in Technology and Learning in Trinity College, I am conducting
research into the use of Constructionist Simulations in a collaborative leamning environment in the
teaching of Anatomy and Physiology to Adult Leamners. T would be grateful if you would give your
permission and support for this project.

My data collection methods will include data logs on the student’s activities using TEL software,
access to anonymised exam results on the A&P ITEC module, questionnaires and a focus group
interview with the students, The course tutor will facilitate the kearning experience with my assistance
and I will complete an ohservational report after each lesson. An audio recording device will be used
to record interviews with the students. A series of screen shots will be taken of the students
participating in the learning experience,

I guarantee that [ will observe good ethical conduct throughout. 1 will secure permission from the
students to invelve them in the research. [ will also secure permission from all colleagues who may
become collaborators in the research. No research will commence until permission from both students
and teaching staff is received. If a student does not wish to participate in the learning activity they will
complete revision work for the Anatomy and Physiology exam.

I guarantee confidentiality of information and promise that the names of College, Staff or Students
will not be made public.

I promise that T will make my research report available to you for scrutiny before it is published, if
you wish, and I will make a copy of the report available for your files on its publication. 1 would be
grateful if you would sign and return the slip below at your earliest convenience. | enclose two copies
of this letter. Please retain one copy for your files

Yours sincerely,

Barry Eyan

I Barry Ryan am undertaking research in order to highlight the advantages of using technology in the
teaching of anatomy and physiology to Adult learmers. 1 promise to ensure good ethical practice in
conducting the research. 1 promise at all times to negotiate permission to conduct the rescarch,
respect confidentiality, and to ensure participants’ rights to withdraw at any time from the research.

Yy P
1000 Mar™
Signature /
MWame: Barry Ryan

To whom it may concern

I Deirdre HanamyPrincipal of Blackrock BFEI give permission for Barry Ryan to undertake herhis
research in a classroom at BFEL

Principal’s signaiure;

D R H

)
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Consent Form for teachers participating in the learning experience.
DECLARATION:

I am 18 years or older and am competent to provide consent,
| have read, or had read to me, a document providing information about this research and
this consent form.

¢ | have had the opportunity to ask questions and all my questions have been answered to my
satisfaction and understand the description of the research that is being provided to me,

¢ |agree that my data is used for scentific purposes and | have no objection that my data is
published in scientific publications in a way that does not reveal my identity.

® |understand that if | make illicit activities known, these will be reported to appropriate
authorities.

* lunderstand that | may stop electronic recordings at any time, and that | may at any time,
even subsequent to my participation have such recordings destroyed (except in situations
such as above). | understand that, subject to the constraints above, no recordings will be
replayed in any public forum or made available to any audience other than the current
researchers/research team,

¢ |freely and voluntarily agree to be part of this research study, though without prejudice to
my legal and ethical rights.

* lunderstand that | may refuse to answer any question and that | may withdraw at any time
without penalty.

e |understand that my participatior is fully anonymous and that no personal detalls about me
will be recorded. | understand that if | or anyone in my family has a history of epilepsy then |
am proceeding at my own risk. | have received a copy of this agreement.

Consent form for teachers participating inthe learning experience.

X AN A€ A LN
TEACHERS NAME: ... O & € ‘

(& ,fl.k
A\

TEACHERS SIGNATURE: .....c.oteiotmmsivmnnmassaas iffeen. ..3gre€ to take part in this research project.

Statement of investigator's responsibility: | have explained the nature and purpose of this research
study, the procedures to be undertaken and any risks that may be involved. | have offered to answer
any questions and fully answered such questions. | beliewve that the teacher understands my
explanation and has freely given informed consent.

Signature of Researcher.................

RESEARCHERS CONTACT DETAILS: bryan3@tcd.ie, phone: 0872422595
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Consent Form for teachers participating in the learning experience.

DECLARATION:

| am 18 years or older and am competent to provide consent.

| have read, or had read to me, a document providing information about this research and
this consent form.

| have had the opportunity to ask questions and all my questions have been answered to my
satisfaction and understand the description of the research that is being provided to me.

| agree that my data is used for scientific purposes and | have no objection that my data is
published in scientific publications in a way that does not reveal my identity.

{ understand that if | make illicit activities known, these will be reported to appropriate
authorities.

| understand that | may stop electronic recordings at any time, and that | may at any time,
even subsequent to my partidpation have such recordings destroyed (except in situations
such as above). | understand that, subject to the constraints above, no recordings will be
replayed in any public forum or made available to any audience other than the current
researchers/research team.

I freely and voluntarily agree to be part of this research study, though without prejudice to
my legal and ethical rights.

| understand that | may refuse to answer any question and that | may withdraw at any time
without penalty.

| understand that my participation Is fully anonymous and that no personal details about me
will be recorded. | understand that if | or anyone in my family has a history of epilepsy then |
am proceeding at my own risk. | have received a copy of this agreement.

Consent form for teachers participating in the learning experience.

TEACHERS NAME: .. S@€&mA DwAFFy

TEACHERS SIGNATURE: ‘{"W oo ndl 7*"::-72 ...... .agree to take part in this research project.

v

S/

oate. 512 AckE......

Statement of investigator’s responsibility: | have explained the nature and purpose of this research
study, the procedures to be undertaken and any risks that may be invoived. | have offered to answer
any questions and fully answered such questions. | believe that the teacher understands my
explanation and has freely given informed consent.

Signature of Researcher........uin

Date

RESEARCHERS CONTACT DETAILS: bryan3@tcd.le, phone: 0872422595
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Principal and Board of Management InforioatSheet

Research Participation
My name is Barry Ryan, | currently work for SOLAS in the corporate strategy and evaluation division.

Project: An Investigation into the use of technology in an active learning environment in the teaching of
Anatomy andPhysiology to Adult Learners.

BACKGROUND OF RESEARCH:

The background to this research relates to the difficulties adult learners face in learning Anatomy
and Physiology, in particular the issues with information being abstract and the complexity of
various systems within the human botllye purpose of the research is to investigate the

effectiveness of teaching Anatomy and Physiology to adult learners using computer simulation. In
particularwhat specific effects does computer simulation havstogent egagemert How can

computer simulation address the difficulties identified in learning abstract information? Are some of
the questions to be addressed.

The work is being undertaken by the researcher towards the fulfilment of a requirement for
the M.Sc. n Technology and Learning in Trinity College Dublin.

PROCEDURESOF THISSTUDY:

Participation in the research is completely optional and voluntary. You may withdraw at any time. If
you choose to participate, the research will proceed as follows:

Studentwwill be asked to complete a brief survey about current use of IT applications and asked to
identify A&P topics that have been difficult to understand/learn.

A series of computer simulations will be run in class over a 5 week period where students will be
shown how to use the Biodigital software and a number of exercises will be covered in class dealing
with topics that have been identified. | will be present in the room for these classes taking notes and
populating a formative assessment ruls@mne scen s hots of studentds wo
the exercises prescribed in class.

Students will then work on building a portfolio of graphics generated from screen captures and
videos taken using the bio digital software.

Once complete students can volunteer to present their work to the class, students will then be asked
if they would like to participate in a focus group discussion. No recordings will be replayed in any
public forum or made available to any audience dtiten the researcher.

At the end of the final lesson students will be asked to complete an evaluation survey.

All information that is collected by the researcher will be anonymised and stored in accordance with the Data
Protection Act at Trinity Ciéege, Dublin. In the unlikely event that information about illegal activities

should emerge during the studyill follow the TCD dat@rotection policy and inform the relevant

authorities. There may be lectures, Ph.D. theses, confquezgentationand peereviewed journal articles

written as a result of this project, however the students and school will not be identified.
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Voluntary nature

Participating in this project is voluntary. A student may chahgemind and stop at any ten A student
may also choose to not answer a question for any refisostudent does not wish to participate in the
learning activity they will beaccommodated witrevision workfor the Anatomy and Physiologgxam

Benefits
The aim of this project i identify any improvements istudents understanding adepth oflearning
Anatomy and physiology through constructionigtiations in a collaborative learning environment

Risks and Discomforts:

Answering quest i onnesmay beoawrhfortabie e A ssudeatan groose ret to answer a
guestion at any timeA studentmay withdraw from the studyt any time without penalty. A studemiay
withdrawtheir permissiorof participation at any time.

Confidentiality

| plan to publish the re$is of this study. My report will not include any information that would
identify you or the school. To keep this information safe, | will move the audio file from the
recorder to an encrypted and passworotected USB device. | will remove or changenes in the
interview transcripts. | cannot absolutely guarantee confidentiality because the students will share
information in front of each other during the interview. | will address this by asking that students
not repeat what others said.

| Barry Ryan am undertaking research in order to highlight the advantages of using technology in

the teaching of anatomy and physiologytlultlearners. | promise to ensure good ethical practice

in conducting the research. | promise at all times to negotiata@gson to conduct the research,
respect confidentiality, and to ensure partic
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Principal and Board of Management Consent Form

Project: An Investigation into the use of technology in an adeéagning environment in the teaching of
Anatomy and Physiology to Adult Learners.

The Board of Management has been provided with an information sheet which outlines the activities
the students will take part in, how the data will be collected and saocktow it can contact the
researcher.

The Board of Management understands that it may withdraw the college/training centre from the
project at any time should it wish to do so for any reason and without penalty.
Signature of the chair of the Board oBagement: ................ccccvveeeee. Date: ......ooooviiiis

Signature of the Principal: ............... Date: .................

Name of College/Training Centre: .........cccuuviiiiiiiiiiiiieeeee e

P TS

‘\:&MC&:\\\GA& ﬂmg_]il;t

Signature of Prog leader . Date: ............

RESEARCHERS: Barry Ryan, bryan3@tcd.ie, phone: 0872422595

Academic Supervisor: Inmaculada Arnedi$@nchez
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Ethics Approval Timeline

Thursday, March 30, 2017 - 12:08

State change:

from Commented by Reviewers;
Pending REC Meeting

to Approved

Friday, March 24, 2017 - 15:09

State change:

from Submitted to REC,; Awaiting
Reviewer Assignment

to Assigned to Reviewers;
Pending Comments

Friday, March 24, 2017 - 15:06

State change:

from REC Amendments
Required

to Submitted to Supervisor;
Pending Review

Wednesday, March 22, 2017 - 15:14

State change:

from Assigned to Reviewers; Pending
Comments

to Commented by Reviewers;
Pending REC Meeting

Friday, March 3, 2017 - 10:37

C

C

7

Thursday, March 30, 2017 - 11:50

State change:

from Assigned to Reviewers,; Pending
Comments

to Commented by Reviewers;
Pending REC Meeting

Friday, March 24, 2017 - 15:09

State change:

from Submitted to Supervisor;
Pending Review

to Submitted to REC; Awaiting
Reviewer Assignment

Friday, March 24, 2017 - 10:22

State change:

from Commented by Reviewers;
Pending REC Meeting

to REC Amendments Required

Friday, March 3, 2017 - 10:37

State change:

from Submitted to REC; Awaiting
Reviewer Assignment

to Assigned to Reviewers;
Pending Comments
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AppendixN NASA Task Load Index
NASA Task Load Index

Hart and Staveland’s NASA Task L oad Index (TLX) method assesses
work load on five 7-point scales. Increments of high, medium and low
estimates for each point result in 21 gradations on the scales.

Task Date
Mental Demand How mentally demanding was the task?
I I I I O | I T T I O |
Very Low Very High
Physical Demand How physically demanding was the task?
Lttt
Very Low Very High

Temporal Demand How hurried or rushed was the pace of the task?

Lttt vt

Very Low Very High
Performance How successful were you in accomplishing whal
you were asked to do?
IIlIlIlIIl|IIIlIIIlII
Perfect Failure
Effort How hard did you have to work to accomplish

your level of performance?

Lottt

Very Low Very High

Frustration How insecure, discouraged, immitated, stressed,
and annoyed wereyou?

Lottt bttt

Very Low Very High
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Figure KNASA task load index based guestionnaire (Hart 2006)
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Bloom’s Taxonomy

Produce new or original work
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Justify a stand or decision
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Draw connections among ideas
differentiate, organize, relate, compare, contrast, distinguish, examine,
experiment, question, test

Use information in new situations
execute, implement, solve, use, demonstrate, interpret, operate,
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Explain ideas or concepts
classify, describe, discuss, explain, identify, locate, recognize,
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Recall facts and basic concepts
define, duplicate, list, memorize, repeat, state
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TLX Results Table
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