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Abstract – Augmented reality is increasingly applied in 

medical education mainly because educators can share 

knowledge through virtual objects. This research describes 

the development of a web application, which enhances users' 

medical knowledge with regards to the anatomy of the 

human heart by means of augmented reality. Evaluation is 

conducted in two different facets. In the first one, the authors 

of this paper evaluate the feasibility of a three-dimensional 

human heart module using one investigator under the 

supervision of an expert. In the second, evaluation aims at 

identifying usability issues by means of the 

cognitive walkthrough method. Three medical students 

(naive users) are called upon three target tasks in the web 

application. Task completion is appreciated in the light of the 

standard set of cognitive walkthrough questions. Augmented 

reality content miss hits are revealed by means of the first 

evaluation in an effort to enhance the educational utility of 

the three-dimensional human heart. Cognitive walkthrough 

provides further improvement points, which may further 

enhance usability in the next software release. The current 

piece of work constitutes the pre-pilot evaluation. 

Standardized methodologies are utilized in an effort to 

improve the application before its wider piloting to proper 

student populations. Such evaluations are considered 

important in experiential learning methods aiding online 

education of anatomy courses. 

 

Keywords – Augmented Reality, Cognitive Walkthrough, 

E-Learning, Heart Model, Interactive Systems, Three 

Dimensions, Web Application. 

 

I. INTRODUCTION 
 

Many educators and developers all over the world 

research about the factors that influence a virtual school 

and students’ efficiency learning [1]. Furthermore, the 

growing interest for research on alternative methods of 

education in Medical Schools [2], led to the use of videos 

[3] and podcasts [4] during the e-learning process [5]. The 

traditional anatomy curriculum has been challenged since 

the early 80s [6] and educational technology has attracted 

great interest with the introduction of many innovations 

such as virtual anatomy courses and dissections [7], three-

dimensional (3D) atlas [8] and "mARble" application, 

which uses augmented reality (AR) for iphones [9]. AR 

enriches the user experience and describes the appearance 

of a digital element generated with a computer [10]. AR 

creates a unique result, since the user can see through the 

human body, to its anatomy [11]. Furthermore, an 

application that uses AR, which was named "Miracle" and 

was created by Tobias Blum. Another AR education tool 

for anatomy named “BARETA” is a platform that 

combines AR with 3D models to provide the student with 

stimulation for touch as well as sight [12]. Also a pilot 

program was set to explore the distance healthcare 

education [13]. Overall a debate has been arisen with 

advocates of the traditional curriculum, on the one hand, 

and of the innovative curriculum, on the other hand. Many 

important reasons are responsible for the increasing 

popularity of online distance learning, particularly in 

higher education, such as the increased number of 

participants and, in many cases the ability of the 

participant to attend the course at a convenient time [5]-

[14]-[15]. E-learning, as an instruction delivered through 

digital devices, includes numerous types of media (text, 

audio, images, animation and streaming video) and has 

broad applications not only in anatomy courses but in 

medicine generally [16]. Visualization Cardiac AR is a 

derivative of virtual reality and enables the user to 

combine the virtual with the natural environment [17] this 

technology integrates computer generated 3D models into 

the real word and constitutes a potential learning tool.  

In the School of Medicine of the Aristotle University of 

Thessaloniki, Greece, educational innovations in anatomy 

teaching have been regarded with skepticism for one main 

reason: historically, the most fruitful eras for anatomy was 

when dissection was not banned the known paradigm of 

Andrea Vesalius [18]. This fact is evident towards the 

necessity of anatomy dissection. To replace anatomy 

dissection is probably not feasible, but educational 

technology has a potential to supplement the traditional 

curriculum [19]. 

The main scope of the present article is to describe and 

demonstrate the development of a free educational web 

application that, with the use of AR, will interact and 

provide the user with anatomical knowledge for the human 

heart. An envisaged breakthrough of the present paper is 

that the aim for use of this web application, target at the 

introduction of new technological techniques and tools 

that may reinforce the education processes when it comes 

to anatomy teaching in Greek universities. The latter 
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becomes an issue of concern, when the decreased teaching 

capacity of academic staff (due to teaching hour 

limitations which is maximized during the recent recession 

times by staff number decreases) is seen in parallel with 

the increased students’ number in Greek universities. 

Thus, the introduction of new educational methods that 

may alleviate the above burden and constitute a swift 

solution to these problems sounds like a golden match. 

Furthermore, it should be taken under consideration that 

an actual procedure of anatomy of a heart, for educational 

purposes, encompasses many problems since the same 

process cannot be repeated several times as there is a lack 

of cadavers [10]. The use of the application allows any 

possible errors to be reversible, and enables the 

independence of movements of the trainee during the 

course [20]. Simultaneously, the repetition and 

experimentation by the user will assist the educational 

procedure that could be also achieved outside the 

classroom. 

The ultimate objective of the current piece of work is to 

evaluate, based on objective data, a 3D heart model that 

has been developed during the creation of an e-learning 

web application environment combined with AR for the 

study of the human heart. To achieve this purpose the 

following hypothesis will be tested: The creation of an e-

learning web application environment for the study of 

human heart (3D) in combination with AR is feasible, in 

order to be used as an educational tool for undergraduate 

medical students through the participation on a traditional 

topographical and descriptive course on human anatomy. 

Having developed a good working prototype of the 

application, a second hypothesis concerns its usability. Is 

it feasible to apply a proper/standard usability method in 

order to evaluate existing errors in the design and overall 

"look-and-feel" of the application? The latter is undertaken 

with an aim to fulfill the successful run of operating 

scenarios of use as well as user satisfaction. 

So, the current paper is organized as follows: in the next 

section the development of the web application and the 

methodological issues about the evaluation method are 

discussed and analyzed. Then the following two sections 

focus on the results of the development of the web 

application and the evaluation process. The last section 

discusses the findings and the future extensions of this 

work. 

 

II. MATERIAL AND METHODS 
 

A. Development tools 
The interactive web application is only for computer 

use. Many external code libraries were used: 

FLARToolkit, Flex SDK, Papervision3D, for the 3d model 

we used the “blender” program an open source graphics 

and animation software [21], for the marker a draw 

program and the FLAR Marker Generator. The marker has 

a black square as outline and another white square inside it 

[9]. Hypertext Markup Language (HTML) used for the 

creation of the web application (Figure 1). The image of 

the application you can see in the figure 2. To use the 

application needs a computer, a web camera, an Internet 

connection and a marker were employed [9].  

B. Evaluation  

1) 3D model 
In order to evaluate the 3D model of the human heart, a 

checklist was designed in Table 1, which summarizes the 

educational goals of a traditional descriptive course of the 

human heart. The textbooks that have been studied are 

Gray’s anatomy [2] and Netter’s Atlas of Human Anatomy 

[22]. The English terminology conforms to Terminilogia 

Anatomica [23]. One investigator under the supervision of 

the senior author has completed the evaluation process of 

the 3D human heart.  

2) Cognitive Walkthrough  
The type of assessment chosen and used for this 

application is called cognitive walkthrough (CW), a 

method conducted in a laboratory environment. There is 

always a researcher requesting for some particular tasks 

(scenarios of use/operation) so that the user's perception of 

the application capacities is evaluated. In other words, CW 

is conducted in order to understand and prove the extent to 

which users are able to respond as well as the type of 

problems they might face while running/operating the 

application/system [24]-[25]. In fact, the participant 

should conduct actions so that the evaluator will be able to 

observe the mistakes; these are jotted down in a list so as 

for them to be corrected later on. To put it differently, the 

main objectives are the system usability evaluation and the 

discovery of design errors so that they can be solved [26]-

[27]. Small participant numbers are usually involved in 

CW. For instance, three students participated in Dutt’s 

[28] CW experiment, while two graduate students took 

part in Hertzum’s [29] experiment in order to evaluate 

applications. All in all, in CW, one user carries out the 

tasks while an expert evaluates the usability of the 

system’s design.  

2a) Cognitive Walkthrough Samples in this study 
In the present study three (3) male students from the 

School of Medicine (third year students) were employed 

for evaluating the application with the CW method; 

Provision of full anonymity and confidentiality was kept 

throughout, by following the ethical guidelines of Aristotle 

University of Thessaloniki (the study was approved by the 

bioethical committee of the Medical School; 

151/3.3.2015). All three participants were regarded as 

computer literate for this application as they all had 

significant experience in using computers and Internet and 

since they were users for over 5 years. However, none of 

them had previously used a system with AR before. Three 

evaluation categories/scenarios were created: 1) Do the 

users believe that this action is available, 2) Do the users 

know how to conduct this action, 3) Is the reaction to the 

system obvious. 
 

 
Fig.1. The process of creating the application with AR 
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III. RESULTS 
 

A. Development 
The web application (Figure 2) was created in both 

Greek and English Languages. The main menu of the web 

application is divided in three categories: main page, heart 

and contact. On the first page, the user can see a 

welcoming text accompanied by an introductory video on 

how to use the web application. The heart category is 

subdivided in six subcategories corresponding to the four 

surfaces, base and apex of the human heart. Rotation of 

the virtual human heart is feasible at approximately 40 

degrees to the right and left. Five views have been 

designated in the 3D creation software that have been 

termed anterior, inferior, right, left, base and apex view 

corresponding to the description of the heart. The 3D 

object has been rotated as if looking the heart right directly 

in front of each surface, the base and apex. Under the 

menu, information has been added with regard to the 

proper use of the AR application. At the lower part of the 

web application, there is a large blank space where the 

computer’s camera is activated, and once the user places 

the marker in front of it, the virtual model appears. The 

last category on the main menu is a contact category from 

where the user is able to communicate via email with the 

creator of the application. The checklist that has been 

designed for the evaluation process is shown in Table 1. 

 
Fig.2. Interaction with augmented reality web application 

 

The introductory course of a traditional descriptive 

course of the heart has as its main aim to describe the heart 

as a 3D object. Geometric models and various views 

(based on the geometric model) of the same object have 

been traditionally used by anatomists to achieve this 

purpose. Since the heart is described as a pyramid six 

subheadings have been used in the design of the checklist 

corresponding to the four surfaces, base and apex. Under 

its subheading the anatomical terms corresponding to 

certain anatomical structures that the student must 

identify, were included. 

In an anterior view of the virtual heart the anterior 

surface consists largely of the right atrium. The left atrium 

is totally hidden by the ascending aorta and the pulmonary 

trunk. A rather large segment of the left auricle is 

depicted. In contrast to the anatomical pattern the 

ventricular region is depicted disproportionately. The two 

ventricles are almost equally sized. The anterior 

interventricular sulcus is, thus, displaced to the right. The 

right surface of the heart is rounded and formed by the 

right atrium. The intrathoracic part of the inferior vena 

cava is depicted along with the superior vena cava. The 

sulcus terminalis is not depicted and a distinction between 

the true atrial and the venous components of the right 

atrium cannot be made. Due to the disproportionate 

depiction of the ventricles the left surface of the heart 

includes a rather large part of the right ventricle. A small 

part of the left atrium and auricle are visible but the right 

atrium and auricle are in contrast to the normal anatomical 

pattern not depicted. The coronary sulcus is not discernible 

and by rotating the virtual object is not circumscribed. The 

apex of the heart is anatomically positioned as the apex of 

the left ventricle. The inferior surface of the heart does not 

consist chiefly by the left ventricle and, therefore, the 

posterior interventricular groove is displaced to the left.  

The base of the virtual heart consists mainly by the left 

atrium. The posterior part of the right atrium is not visible. 

The bifurcation of the pulmonary trunk is hidden by the 

aortic arch. The four pulmonary veins are depicted 

anatomically but the right atrium is hidden by the 

oversized left atrium. The superior and inferior vena cavae 

are visible. 

An advantage of a virtual heart is that the gross 

appearance of the heart can be adjusted to conform to a 

more in colour realistic view of the heart. In color 

representations as presented in standard anatomy atlases 

reflect the functional role and the realistic appearance. The 

traditional technique of embalming using formalin results 

in a gross appearance that does not reflect the leaving 

body. This technique, however, introduces the student to 

imaging techniques where the physician must identify 

structures in a black and white scale (x-ray, CT). Three-

dimensional reconstructions have been implemented on 

CT data as an attempt to facilitate diagnosis and 

supplement the visualization of the structure under 

investigation for pathology. Three-dimensional CT 

reconstructions have been proposed to be used as 

educational tools but this technique has many limitations 

as highlighted by Radetzki et al. [30]. The creation of the 

3D heart as performed in this study along with the 

evaluation method proposed offers the advantage of 

modifying the object.  

Based on the results of our research an interactive 

webpage can be created to supplement the traditional 

descriptive course. This form of application has the 

advantage that the student can access it from home. 

Factors such as the resolution of the camera, or the 

computer monitor have an impact on the in full colour 

appearance but they do not cause deformation of the 

virtual object. The final product will be used more than 5 

times in each semester, once the application will become 

operational. The web application will be utilized for 

teaching small groups of 10 to 15 students. However the 

user will be able to study the book at his home 

individually. 
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Table 1: Surface of the heart and great vessels 

 

B. Evaluation 

1) 3D model 
The overall performance of the evaluation process of the 

3D human heart is presented below in Table.  

2) Cognitive Walkthrough 
The tasks and the results arising from the CW procedure 

are included in Table 2: 

 

Table 2: Cognitive Walkthrough 

Task 1: Users can find 

Anterior surface 

Task 2: Download Marker from web 

application 

Task 3: Download Marker from 

web application 

 Yes No  Yes No  Yes No 

Do the users 

believe that this 

action is 

available? 

 

 Do the users 

believe that this 

action is 

available? 

  

Do the users 

believe that 

this action is 

available? 

  

Do the users 

know how to 

conduct this 

action? 

 

 Do the users 

know how to 

conduct this 

action? 

  

Do the users 

know how to 

conduct this 

action? 

  

Is the reaction to 

the system 

obvious? 

 

 Is the reaction 

to the system 

obvious? 

  

Is the reaction 

to the system 

obvious? 

  

 

Since AR had not been previously used, it was 

something new for the users and thus not so familiar to 

them. The user’s evaluator reported the following 

problems during the research: There was a short delay 

initially because the users’ were unfamiliar with the 

application. Another problem was that one of the users did 

not understand how to use marker and print it at first, but 

finally the task it was completed. Researchers added a text 

mentioning, “Please, see the introductory video related to 

the use of the application on the first page” along with the 

usage steps of the application in order to solve these 

problems. The fact that users easily found the 

anterior surface and they understood how to use AR was 

really positive.  

Base of 

heart 

 
Left 

atrium 
Right 
atrium 

Bifurcation of 

pulmonary 

trunk 

Posterior 

interventricular 

sulcus 

Coronary 
sulcus 

Crux of the 
heart 

Pulmonary 
veins 

Superior 
vena cava 

Inferior vena 
cava 

Shown X X     X X X 

Not shown   X X X X    

  Left ventricle        

Apex of the 

heart 

Shown X        

Not shown         

  
Left 

auricle 

Right 

atrium 

auricle 

Right ventricle Left ventricle 
Coronary 

sulcus 
Ascending 

aorta 
Pulmonary 

trunk 

Anterior 

interventri
cular 

sulcus 

 

Anterior 

(Sternocostal) 

surface 

Shown Χ Χ Χ Χ  Χ Χ Χ  

Not shown     Χ     

  Right ventricle Left ventricle Coronary sulcus 
Posterior interventricular 

sulcus 
 

Diaphragmati

c (Inferior) 

surface 

Shown Χ Χ    

Not shown  
 

 
Χ Χ  

  Right atrium Inferior vena cava Superior vena cava Terminal groove  

Right 

pulmonary 

surface 

Shown Χ Χ Χ   

Not shown    Χ  

  Left ventricle Left atrium Auricle Coronary sulcus  

Left 

pulmonary 

surface 

Shown Χ Χ Χ   

Not shown    Χ  
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IV. DISCUSSION 
 

The aim of the anatomy subjects in the laboratory is to 

educate students on the human body anatomy. 

Furthermore, the anatomy terminology is mentioned 

through this process. All the above mentioned in the 

medical curriculum have succeeded in a combination with 

lectures and laboratory exercising with the use of 

cadavers. The student until now may only borrow 

anatomical models from the laboratory in order to have the 

chance to study without a supervisor. With this 

application, the medical lectures, laboratory exercises and 

the anatomical models, the targets of medical curriculum 

are accomplished. Because anatomical models and 

academic lessons cannot study at home the student is 

capable now to use the special web application and 

interact with 3D model and as result to be taught the heart 

anatomy with immersion. This could be done in the 

University laboratory with teamwork or in private. The 

web application that was created for this research is at an 

initial stage and for this reason is not tested in classes.  

The present study has obviously got certain limitations. 

Apart from the anatomical component, the development of 

an interactive webpage integrates the informatics 

component as well. However, the anatomical component 

must first be addressed according to the authors’ opinion. 

A pilot study will be conducted to evaluate the informatics 

component but after the final correction of the virtual 

human heart. Online information is abundant but is not 

always reliable. Although students’ opinions must be 

considered with regard to education, a scientific approach, 

with regard to the evaluation of virtual objects, is to 

objectively evaluate them with the objective data 

described in standard anatomy textbooks and by experts.  

During the creation of the 3D model the evaluation 

process used, contributed to the refinement of the model, 

although inaccuracies still remain. The web application 

will not be activated before the correction of the 

inaccuracies. We propose this simple method of evaluation 

for every technology application in anatomy in an attempt 

to provide a certification form in 3D objects that they 

conform to the standard anatomy description and can be 

used for educational purposes. This is also an attempt to 

dissuade students from using online resources that are not 

intended for educational purposes.  

The CW part of the investigation identified just a couple 

of design pitfalls too. It is expected that proper dressing of 

the application with appropriate user manual and handles 

will solve these problems. However, as shown in the 

corresponding results section, the fact that users easily 

found the anterior surface and they understood how to use 

AR was really positive in the current phase of 

development.  

 

V. CONCLUSION 
 

Considering all of the above, it is understood that the 

design and the implementation of the educational 

application using AR and incorporating the three-

dimensional model of the heart of the human body, is a 

relatively new tool for the education of young physicians 

and it is a difficult process altogether. However, what the 

current piece of research shows is that it is feasible and 

doable. The long-term aim is obviously not to replace the 

anatomy on the cadaver per se, thereby limiting the 

exposure of medical to actual basic medical science 

objects skills, but rather to enable it continuity beyond the 

boundaries of a typical classroom/amphitheatre, thereby 

enhancing self directed learning, life-long learning and 

distance education [31]-[32]. The latter are all 

contemporary demands of medical education in a slowly 

but surely changing landscape equipped with niche 

technologies [33]. 
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