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Abstract
Nowadays, there has been an increasing interest in using 360degrees video in
medical education. Recent efforts are starting to explore how nurse students
experience and interact with 360degrees videos. However, once these
interactions have been registered in a database, there is a lack of ways to
analyze these data, which generates a necessity of creating a reliable method
that can manage all this collected data, and visualize the valuable insights of
the data. Hence, the main goal of this thesis is to address this challenge by
designing an approach to analyze and visualize this kind of data. This will
allow teachers in health care education, and medical specialists to understand
the collected data in a meaningful way. To get the most suitable solution,
several meetings with nursing teachers took place to draw the first draft
structure of an application which acts as the needed approach. Then, the
application was used to analyze collected data in a study made in December.
Finally, the application was evaluated through a questionnaire that involved a
group of medical specialists related to education. The initial outcome from
those testing and evaluations indicate that the application successfully achieves
the main goals of the project, and it has allowed discussing some ideas that will
help in the future to improve the 360degrees video experience and evaluation
in the nursing education field providing an additional tool to analyze, compare
and assess students.
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“The Xcalpel have made it possible for lectures to in an easy and accessible
way to evaluate students answer as well as their time spent on discussion
during the interactive video.
Xcalpel will be a helpful tool for evaluating students’ knowledge and finding
areas where more education is needed. Moreover, this tool will also be a
helpful tool during the development and evaluation of interactive pedagogical
videos.”
20190110
ElinSofieForsgärde,
lecturer in Health and Caring Science, Linnaeus University
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Introduction

Nowadays, different emerging technologies are enabling researchers to try new
approaches to solve problems that were addressed in a traditional way in the
past. One of these technologies is 360degrees video streaming. Generally, it
seems to be a technology for leisure, but actually, it has much more interesting
and productive purposes. The aim of this paper is the analysis of data generated
during the usage of 360degrees video technology as a way of training and
assessment of nursing students.
This kind of technology requires a different analysis than a regular 2D
video because it involves different interactions with the user, spherical
parameters, and a free-path way of movement within the video. All these
typical parameters from an omnidirectional video could be recorded and
collected inside a database. However, all of this data is useless unless a correct
analysis is done with them.
This thesis describes how the showed issue is solved by designing,
developing and presenting a web application as an approach that allows the
user to analyze the data collected during the usage of a 360degrees video
system prototype, previously developed at the Computer Science & Media
Department from Linnaeus University. Henceforth, the implemented
application along this thesis is alluded as “application” or “Xcalpel", and the
360degrees video system prototype is alluded as “prototype”. This application
should also be easy to use by the nursing teachers to analyze, compare, and
assess the performance of their students during the intervention within the
prototype.
In order to test the web application, data was collected from a study
which took place in December with 16 groups of students from a specialist
nursing program (advanced level). This data was used to be analyzed by the
application. Additionally, the application was validated by using a
questionnaire that was fulfilled by a group of 18 medical personnel related to
the education field.

1.1

Background

Spherical video, better known as 360degrees video, involves a 360degrees
view of the scene captured from a single point. The mapping of the recorded
video is done over the surface of a sphere. A user of this technology can watch
at a limited portion of the spherical video as if it were seen from the center of
the sphere, also known as “viewport”. [1]
360degrees video allows the user to get an immersive viewing
experience by interacting, changing the viewpoint, and watching any part of
the captured content. This kind of video can be viewed on HMD (headmounted devices) as well as on regular 2D displays [2]. However, streaming
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360degrees video is very challenging due to all the data collected during the
interaction of the user. [1].
The Swedish Trauma Organization, yearly report statistics [3] which
shows that accidents related to traumatic events represent one of the most
significant causes of death among people younger than 45 years old,
specifically on traffic accidents. It is noticeable that the existence of a tool for
medical and nursing students, which allows interactive simulation training
environments, can be helpful in trauma and catastrophe education [4].
Lately, there has been an increasing interest in using 360degrees video
in medical education [5][6]. There are several 360degrees videos available on
YouTube, including virtual tours in nursing laboratories and nursing and
midwifery clinical spaces. Recent efforts are starting to explore how nurse
students experience 360degrees video technologies to find opportunities to
improve learning and teaching in an interactive and meaningful way [7].
A prototype system was created at the Computer Science & Media
Department from Linnaeus University. It contains immersive interactive
360degrees videos that have web browser access. Scenes of a trauma team
working at the hospital emergency department are displayed in these
mentioned videos whose simulated scenes have an educational purpose. The
prototype’s user can interact within the scene. These interactions include
movement in the 360degrees scenario, modifications in the scene regarding the
user performance, hotspot question answering, and other kinds of interactions.
These videos have been used to test the prototype with 17 students from a
specialist nursing program [8]. After their performance, a substantial amount
of interactional data has been collected and stored in a database for further
analysis.

1.2

Related work

Previous studies have had different approaches to this topic. Kavanagh et al.
pointed out the usefulness of using 360degrees technologies in the educational
field. Specifically, they studied an alternative way to create 360degrees
educational sources by using a consumer-friendly method. The main goal was
to make it possible to develop sources without the necessity of hiring
programmers or learning sophisticated programming techniques for computer
graphic videos in order to make the creation of virtual reality more feasible.
Additionally, they described the content creation process and showed the main
issues involved in the making of this media, such as the cost, video quality,
point of view, and user distractions [10].
Izard et al. investigated an approach to an operating room and an
anatomical dissection room through the recording of 360degrees video and
Virtual Reality technology. They managed to introduce additional information
about the different devices that can be found in both medical rooms already
mentioned, by a virtual environment generated by a computer. In this way, a
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medical student could be a spectator of these scenarios as many times as this
student needs, avoiding the limitations of space when assisting to a surgery. As
mentioned before, the user can interact with the environment, so medical
students get encouraged in the learning process through a more dynamic
approach [11]. Moreover, this work could be compared with the Herault et al.
project [12] which is, as mentioned, the more immediate predecessor of the
thesis exposed in this paper. However, the system from González et al. does
not pretend to be an online application in order be a learning tool for individual
the medical students, while Herault et al. application is not only an online
teaching application (more focused on nursing student) but it also collect the
interaction data so a further analysis and evaluation can be performed.
Buchman et al. presented a pilot case study using 360degrees video VR
technologies to perform a different medical approach. Using “Alfred ©
embodiment”, it was possible to get immersed in a virtual scenario in which
the medical student was able to experience the medical illness that the patient
had at that exact time. Specifically, the medical student was able to embody
Alfred, who was facing macular degeneration and high-frequency hearing loss.
Buchman et al. also reported the feedback from the students who seem to think
that the system could be advantageous to develop empathy with the patient and
the family who is facing this situation and genuinely understanding this illness
[7].
Brickhead et al. highlight the several advantages that 360degrees videos
and VR experiences have. These technologies seem to have massive potential
in many different scenarios and view perspectives to develop different skills.
This text also showed the alternative methodology of creating and performing
360degrees videos changing the viewer perspective by adding extra cameras
in the scenario or using bio-feedback sensors to get additional information such
as measuring and pointing the highest-stress moments during the medical
performance. Additionally, these technologies could be combined by using
Eye Tracking technology to record the main spots where the student was
looking at during the video performance. It is believed that these technologies
may allow having more significant retention in the long term memory by the
repetition of a singular task and practicing [13].
O’Sullivan et al. performed a study in which the 360degrees video
technology was used to prepare children for the anesthesia time that is involved
in medical intervention. The primary outcome was the reduction of the anxiety
of the children who had to face this situation. They managed to get this aim by
making children experience to feel their several feelings, views and sounds that
exist in a medical room during the anesthesia process. In order to address the
goal, O’Sullivan et al. create a video experience and collect all the aspects
involved in the process, so they could be useful for video developers in the
future, posting and explaining the several productions steps and the main
technical challenges in order to become productive and efficient while
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producing this kind of media. One of the main goals of this project was to
achieve the target with the minimum economic costs so that this technology
could reach as many hospitals as possible [14].
Corbillon et al. investigated the behavior of users watching 360degrees
videos, through the collection of the head movements of these users while
watching omnidirectional videos on a Head-Mounted Display (HMD), to
analyze their navigation patterns. This project aimed to study how this kind of
video was consumed, enabling researchers to test new prediction algorithms,
focusing on the viewport adaptive streaming scenario [15] [16].
Liu et al. contributed with a study of the leading new ideas which aimed
to improve the performance, resource utilization efficiency, and user’s quality
of experience for 360degrees video streaming on mobile devices. This paper
included some novel ideas that were expected to become building blocks of
next-generation 360degrees video systems, such as “Fieldofview”, or the big
data analysis to enable accurate head movement predictions. Improving
performance and flexibility, which leverage the spatial and temporal priorities
of 360degrees videos, broadcast side optimization, and real-time
crowdsourcing [17].
Taghavi et al. studied the possibility of managing the 360º video
bandwidth requirements, adjusting the quality of the video according to the
users’ viewport prediction by using layered encoding for 360degrees video in
order to improve the quality of experience reducing the video freeze
probability and the user head movements latency [1].
Alface et al. focused on other aspects, such as the goal of reducing
bandwidth consumption in cellular networks using viewport prediction and
different ways of mapping [9]. However, it is easy to notice the potential that
the analysis of data collected involving these technologies has in several fields.
Toarder described in her study the implementation of clinical simulation
for Medicine students. They tested their skills and obtained professional
abilities to evaluate this simulation for training and expert assessment. This
project improves the quality and duration of exploration to detect lesions,
concluding that this kind of clinical simulation was essential for developing
the medical skills of the students [18].
Kilmor et al. explored the potential that immersive virtual reality
experience in order to educate nurses, targeting speed and accuracy of nurses’
response in emergencies which required cardiopulmonary resuscitation [5].

1.3

Problem formulation

As described in the background section, the Computer Science & Media
Department has developed and tested the prototype system with nursing
students while they used the 360degrees video in the trauma patient scenario
[12]. Due to this, there are several interactional data collected. However, this
represents just a raw material, which is self-generated according to the
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parameters of the prototype, without any use unless there is a way to manage
and take advantage of it. In Figure 1.3.1, it is possible to appreciate a tiny part
of all this raw data material, inside a JSON file.

Figure 1.3.1: A small sample of the collected data.
Analyzing interactional data in a 360degrees context is a challenging but
exciting task, as seen in the presented studies showed in the Subsection1.2.
Moreover, regarding the last paragraph, there is a need for nursing teachers to
know how students interact with the video. Hence, the goal of this degree
project is to answer the following research question:
How to analyze and represent the 360degrees interactional data in the
context of an interactive 360degrees video training tool for nursing students?
This paper describes the process of designing an approach for nursing
teachers to analyze and visualize the student interactional data collected from
a 360degrees interactive video prototype in order to answer this RQ.

1.4

Motivation

Creating an approach capable of managing data in the context mentioned in the
last Subsection is very positive. The analysis of this data allows us to become
more familiar with the user's behavior, and in the future, create different kinds
of interactions to the user by making the immersive experience more suitable
to each person.
The main reason for developing this approach is helping the nursing
teacher in the task of assessing the student by showing relevant produced data
such as the reaction time during a determinate interaction, all the knowledge
that the student has, and even how confident is the student feeling at the
emergency room. Besides, it is also positive to have access to a general
statistical study. This allows us to check a specific student and compare
between two different performances. These performances could be done by the
same person (so it is possible to follow his learning curve), or more than one
person (so it is possible to evaluate different students in the same course).
Moreover, the second main reason is getting some valuable produced
data, which helps the department workers/researchers to know how nontechnical personnel uses the prototype system, and in this way, improving the
system itself in future implementations.
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1.5

Objectives

The following table shows a list of the pursued objectives and their relative
importance during the developing of the thesis.
O1

Implement an algorithm capable of analyzing a substantial amount of
collected data. [MUST]
O2 Contradistinguish among relevant collected data and irrelevant one.
[SHOULD]
O3 Make a statistical analysis of all the interventions of the user.
[COULD]
O4 Create a visual interface to allow specialists and not specialist people
to visualize the student’s interactional data collected. [MUST]
O5 Create a proposal for future implementations that may improve the
system according to the conclusions obtained from the analysis of the
data. [SHOULD]
O6 Run an experiment with medical personnel to get feedback from their
experience through a questionnaire. [SHOULD]
Table 1.5: Objectives of the thesis.

1.6

Limitations

In this project, there are three main limitations:
First of all, there was a finite amount of time. This meant that it was
needed to focus on the main objectives, analyze and represent the collected
data, and try to improve the performance of the approach itself in subsequent
implementations.
Secondly, there was an economic limitation. The creation of new videos
to be used on the prototype system is quite expensive due to a large number of
resources, such as medical personnel, booking of an operating theatre, and any
recording system. This meant that only the already recorded video had been
used for collecting data at one single study.
Moreover, it is essential to mention that the area of action of this thesis
is limited to the field of programming. In other words, the process of evaluating
a nursing student consists of three steps. First, the student uses the prototype
developed in the department mentioned in the background section [8], and the
data of the performance is generated and collected. Second, this raw data goes
through the application that analyses and displays the produced data without
any value judgments according to the final evaluation of the students. Finally,
the nursing teacher uses this produced data to decide how the students had
performed and their corresponding assessment. Strictly speaking, the aim of
this project does not include either the first or the third step of this evaluation
process but provides a powerful tool to the professor so they can evaluate by
themselves.
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1.7

Target group

As mentioned in the motivation section, this project has two main target
groups:
First of all, nursing teachers. The teachers can use this approach to
analyze the performance of their students, get comparative data within all the
evaluated groups, and finally get an accurate evaluation of the group of
students while is immersed inside the video simulation.
However, the second leading target group of this approach is the
researchers that would use it to be able to manage all this collected data and
help the department to know how nontechnical personnel uses this prototype
system. Additionally, understand which would be the next step regarding this
line of work. Then it would be possible to improve the prototype and the
approach itself in future implementations.

1.8

Outline

This thesis is organized as follows: Chapter 2 describes the way that was used
for facing the problem, the methods that were chosen to implement and
validate the application, and the decisions that were taken to meet validation,
reliability and ethical issues. Chapter 3 presents the developed web application
itself, especially the technologies that were decided to be used inside the
application and the reasons for that decision. Then, some graphical charts are
displayed to show its architecture and the use case diagram. Chapter 4 shows
the raw results that had been collected after the finalization and the validation
of the application. Chapter 5 displays an in-depth analysis of the data
mentioned in Chapter 4. Chapter 6 provides a discussion about the feedback
loop of all the mentioned processes, as well as a comparison of this project
with some related work. Finally, Chapter 7 presents the conclusions that come
up after the analysis of the whole project, together with a short proposal of a
possible future line of work.
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2

Method

The problem of analyzing and representing the 360degrees interactional data
was addressed by conducting a series of meetings with teachers at the Health
Care department. They provide feedback and quantitative information that
allowed us to know the main features demanded by the potential users and the
initial requirements for the approach. After those meetings were concluded, the
mentioned hypothetical approach became a web-based application which
seemed to solve the problem presented in Subsection 1.3, and consequently,
some mockup views of the application were created. These showed the very
first sight of the final application. These can be seen in Figure 2.1 and Figure
2.2 below.
Although the final result shows plenty of similarities with these
mockups, some changes were made in the different views of the charts and
tables in order to improve the performance of the analysis. After these changes
were implemented, a more significant number of relevant produced data was
highlighted. All the modifications were previously accepted by the same
teachers at the Health Care department who exposed the main features at the
starting point of the developing of the application.

Figure 2.1: Mockup of “Questions Interaction Data” analysis feature.
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Figure 2.2: Mockup of “Video Interaction Data” analysis feature.
Using technologies such as NodeJs, MongoDB, and D3.js, the expected
outcome was an application for retrieving, analyzing, and visualizing the
360degrees interactional data that was collected through the different studies
in which the prototype was used. In order to use these technologies,
documentation review was required in the early days of the development.
Once the first version of the application was developed, a little amount
of data collected by the prototype [8] from a previous study was stored in the
MongoDB database. This was used as a starting point to do some fundamental
analysis of the data, evaluate the main requirements, and test the algorithms
inside the application. These collected data also allowed us to know a draft
structure of the data inside de database so that it could be managed in the future
with a real and more significant amount of data.
To evaluate the system, a workshop with teachers at the Health Care
department was conducted demonstrating how to use the system and get
feedback through questionnaires and interviews, which allowed adding some
final modifications to the application. Additionally, the prototype was
evaluated and used by 60 nurse students in a study that took place at the
beginning of December. The students were divided into groups, and they were
committed to using the 360degrees prototype video of the trauma medical
theatre that was mentioned in the background section. Before the study, it was
decided to modify the data structure schema, dividing the data into five
different MongoDB collections (cameras, hotspotinteractions, videocontrols,
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studies, and scenarios). During this session, a considerable amount of data was
collected, which allowed testing the application algorithms with a more
substantial amount of data that was actually from a real study. This study was
especially important to test and implement some improvements in the
algorithm that analyze and compare all the groups from a specific scenario and
study.
After the application was finished, a questionnaire was made. To carry
out this questionnaire, the participants were committed to watch a 10 minutes
demo video and then answer a 25 questions questionnaire regarding their
opinion about what they have just seen in the video.
The demo video consisted of three parts. The first one showed a little
section of the footage of the action in the medical theatre using the prototype
mentioned in the background section [8]. This video section was used to
explain to the participants how and where the raw data was collected in a
previous study so they would be able to understand the analysis that the
application will perform as could be seen in Figure 2.3.
The second part of the video showed an image of the raw data that was
collected during the performance while using the prototype, as could be seen
in Figure 2.4. The third part of the video was a walkthrough of the application
showing the main analysis features, and an example of how a nursing teacher
could use this application would be deployed as could be seen in Figure 2.5.
Additionally, an extra video was overlapped in a corner on the main video.
This video acts as an audio guide for the participants to explain all the essential
parts of the leading video and the main application features.
On the other hand, "Google forms" was used to create and perform the
questionnaire was used to evaluate the usefulness, facility of use and general
impressions that the application produced on a group of medical personnel as
could be seen in Figure 2.6. This questionnaire was divided into three sections.
The first section was a Perceive Usefulness (PU) questionnaire; it consists of
7 questions that could be rated from 1(lowest) to 5(highest)according to the
opinion about the usefulness of the main features of the application. The
second section was a Perceived Ease of Use (PEU) questionnaire; it consists
of 8 questions that could be rated from 1(lowest) to 5(highest) according to the
opinion about how friendly was the way that a user can interact with the
application. Finally, the third section of the questionnaire consists of 6
questions, which include one Boolean question, two "1-to-5" rated questions
and three open text questions according to the background information of the
participants, general impressions and future features suggestions.
The target of this questionnaire involved a range of people, from
students of medical Sciences to high ranks of a hospital from Sweden and
Spain that potentially could use this kind of application in the future if this type
of technology becomes accepted by several medical universities in the future.
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Once all the answers from the questionnaire were collected, the
reliability of these results was measured by using Cronbach's alpha.
"Cronbach´s alpha is a measure of internal consistency and is typically found
in the description of the materials used in a study. Also, the description of the
measures used to derive reliability (Mean and Standard Deviation) should be
included to support this reliability"[19].

Figure 2.3: The first section of the demo video. Medical theater.

Figure 2.4: Second section of the demo video. Collected data.
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Figure 2.5: Third section of the demo video. Application walkthrough.

Figure 2.6: Spanish version of the Google Forms questionnaire.
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2.1

Reliability and Validity

Regarding the reliability of this project, the final produced data that the
application shows is the same if the same analysis parameters are used.
However, this application is not using all the raw data that was collected during
the study sessions. That means that it could be possible to implement some
different analyses using different sections of the database, and consequently,
the final results would differ from the ones that the application is showing now.
The reliability of the raw data differs depending on several factors, such
as the mood or the fatigue of the participants or how prepared they are to face
an examination of their knowledge. It is also essential to take into consideration
the skills of each people using this kind of prototype system. It could be
possible that a lack of habit using 360degrees technologies could be
transformed into a bad performance into the system with relevant bad results.
Additionally, it is crucial to take into account the questionnaire and
evaluation of the final result. The subjective opinion from the people that
participated in this interview and questionnaire could differ depending on the
mood or the fatigue of those people as far as it could also be different
depending on their age, range, habit with this kind of technologies and even
country, due to some people could be much more open to educational changes.
Cronbach´s alpha was used to evaluate this reliability, as mentioned in the
Method Section.
On the other hand, the internal validation of this project was achieved
due to some factors such as honest and unbiased evaluation in the
questionnaires, encouraging the participants to point any negative point that
they could detect during the testing of the application. Additionally, all the
conclusion which are possible to get from this project are based on real
produced data that came from real raw data without distorting any result even
if it was supposed to obtain a different outcome.
Moreover, to achieve the external validation in this project, the
generalization of some conclusions were not made yet. However, this kind of
generalization could be done in the future when more data from more studies
would be obtained. Luckily, the application allows the importing of different
scenarios that let the generalizations of some facts appear in a shorter time.

2.2

Ethical Considerations

Some ethical considerations have taken place during the process of the project.
Generally, using a database is a highly sensitive issue, due to lots of data from
a significant amount of different people is being accessed and used by the
programmer to build a suitable application for those specific data. That is the
reason why the people that used the prototype system were previously
informed that their interactions would be recorded for subsequent analysis.
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During the questionnaires that took place after the application was
finished, some other personal details were collected. That is the reason why
they were asked if they gave consent to show their personal details in the report.
Furthermore, a demo video was needed for performing the
questionnaires. In this video, some personal details and faces were showed;
that is why permission was asked to the teachers at the Health Care department.
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3

Implementation

All the past things described in previous chapters lead us to the following
situation: we had a massive amount of data that is potentially useful. We
needed to transform “potentially useful” into "useful." To achieve this goal, an
analysis application was proposed. That is how Xcalpel was born.

3.1

What is Xcalpel?

Xcalpel is an online application, based mainly on Node.js, MongoDB,
JavaScript, and D3.js technologies. Briefly, this application allows the user to
obtain valuable produced data from the raw data that was mentioned before.
The data collected from the prototype mentioned in the background section [8]
goes through many JavaScript-based algorithms that were previously stored in
a non-relational database utilizing the MongoDB technology.
This produced data must be shown to the user somehow. That is the
reason why a suitable interface was created. This interface is based mainly on
D3.js technology. Using this powerful tool allows the user not only view the
data but also to interact with the graph and tables.
According to the compulsory application requirements, the application
itself should allow registering new users, which information is also stored in a
collection of the MongoDB database. The personnel that was successfully
registered in the application then should be capable of log in and use all the
features from the application and the data attached to their profile.
Apart from the main application requirements, Xcalpel was initially
developed as a REST application with its characteristic features (POST, GET,
PUT & DELETE). This fact added to the application a simple tool to add and
store in the database comments and evaluations introduced through a form by
the user. In other words, the user has the possibility of managing text
information after he/she analyses and compares the graphs and tables, using
the central core of the application (analysis tool), to assess the students.
Although those are the leading technologies that the application involves,
there are others that complement, help, and simplify the task of those already
mentioned. It is possible to have a more in-depth look at them in the next
subsection.

3.2

Functional and Non-Functional Requirements
3.2.1 Functional Requirements

§ The system should have a registration and login page for teachers.
§ The system should provide a registration form which includes email
(should be unique, will be used as username to login), password, name,
and position (“teacher”, “researcher”) to the new user.
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§ The system should provide a login form which includes email and
password to the user.
§ The system should display a confirmation message after the registration
to the user.
§ The system should have a “Log out” button.
§ The system should display the name of the current user somewhere in the
header of the page while logged in.
§ The system should provide the visualization of an individual group of
students to the teachers.
§ The system should provide the visualization of all groups of students to
the teachers.
§ The system should provide a graph which shows the interaction events
within the video timeline to the teachers.
§ The system should provide a graph which shows the discussion duration
for each question in the video to the teachers.
§ The system should provide a graph which shows the average discussion
duration for each question of all groups in the video to the teachers.
§ The system should provide a graph which shows the total number of times
each question was failed of all groups in the video to the teachers.
§ The system should offer the possibility to change the displayed data type
to the teachers.
§ The system should offer the possibility to choose the displayed data to the
teachers.
§ The system should provide a graph which shows the number of correct
and incorrect questions to the teachers.
§ The system should provide a way of visualizing question information
(Question name, question description, question answer, evaluation).
§ The system should ensure login before the visualization of data to the
teachers.
§ The system should ensure that users can only have access to their
comments.
§ The system should make sure a non-authorized person cannot access the
data.
§ The system should allow the user to add comments which include student
name, description, and evaluation.
§ The system should allow the user to modify the login user’s comments,
which include student name, description, and evaluation.
§ The system should allow the user to delete the login user’s comments.
§ The system should allow the user to visualize the login user’s comments.
§ The system should include server-side validation when adding a new user
to check if the user already exists.
§ The system should include server-side validation when writing a password
to check its minimum length.
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§ The system should be able to be run in any major web browser and
operating system.
§ The system should have an "About" button somewhere at the bottom of
the page always.
§ The system should have a “Home” button somewhere in the header page
always.

3.2.2 Non-Functional Requirements
§ The system should have a responsive interface (adjust automatically to the
screen in which it is being displayed).
§ The system should include friendly-looking icons in the login and register
form.
§ The system should include friendly-looking colors within the charts.
§ The system should include logical matching colors (red: fail, low; green:
good, correct) within the charts.
§ The system should include correct charts and title sizing.
§ The system should include the correct axis and title labels in the charts.
§ The system should include legends in the charts.
§ The system should fill the gaps in forms in case invalid field values force
to refresh the page.
§ The system should react to user actions in a short period.
§ The system should be able to make a recovery from a crash.
§ The system should be maintainable (designed that it can be serviced and
maintained on a periodic time).
§ The system should be reliable.

3.3

Technologies Used for Data Management
3.3.1 What is MongoDB & Mongoose?

MongoDB is a document-oriented and cross-platform database. It belongs to
the “NoSQL family of database systems." “Document-oriented” term refers to
the way of storing data structured as JSON-like documents, avoiding storing
information in the standard relational database way, in tables. MongoDB that
present a high performance and easy scalability, ensuring effective data
management with its prominent feature of autosharding. Sharding splits the
database across multiple servers, increasing the capacity and scalability as
required. This feature handles the distribution of data in different nodes to
maximize disk space and dynamically load balance queries [20][21].
In MongoDB, there are no database outlines or tables. Documents are
equivalent to rows and are assembled into collections which are equivalent to
tables. The document is an information structure made out of field and value
pairs. The value of fields may incorporate different records, clusters, and
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varieties of documents. MongoDB consequently produces a primary key (id)
to recognize each record uniquely [22].
Mongoose is an “object data modeling library." This fact allows the
MongoDB database to still has its particular flexibility while the data is
structured in a created model, through a schema-based method [23] [24] [25].

3.3.2 Why MongoDB instead of other technologies?
Mayus Patil has made a comparison this year, showing the benefits that could
be obtained from using MongoDB vs. other technologies when using them on
dynamical activities such as MySQL. A particular advantage is that the time
taken to perform the basic operations of insertion and retrieval is substantially
lesser in a system with MongoDB as the database. This fact proves that
MongoDB is faster than MySQL in loading data dynamically [20].
NoSQL database systems are non-relational databases intended to give
high accessibility, reliability, and scalability for enormous data. Additionally,
sharding is the main fundamental favorable circumstance of the NoSQL
database. Various companies are moving towards NoSQL databases. NoSQL
databases can store unstructured data [22]. Storing MongoDB in certain types
of applications becomes easier and faster. MongoDB has the upper hand in
efficiently handling increasing data loads [21]. Also, document databases
allow robust queries with any combination of fields [20].

3.3.3 How is MongoDB utilized in Xcalpel?
MongoDB is the technology used in Xcalpel to store all the data that are needed
while the application is working. MongoDB will let the access when some
request is asked from the server-side. Once the application starts running, the
program tries to connect using mongoose with the “xcalpeldb” database (if it
does not exist, it will create one). Then MongoDB will allow storing new users
through the registration form, letting the access to the “users” collection. Also,
it allows searching for the information of one particular user when this person
is trying to log in.
Moreover, when some analysis selection parameters are given to the
application, it filters the information from different collections at the same
time, such as “studies”, “scenarios” and “hotspotinteractions” searching for the
matches with the options of the request.
Additionally, in the comments section the application search in the
MongoDB database only for the comments in the collection "comments" that
matches the ID of the user, so there is privacy between the information from
the different users.
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3.3.4 What is Node.js, Express & Handlebars?
Node.js is a server-side JavaScript environment. It is built on Google Chrome’s
runtime implementation (the aptly named V8 engine). It is used for developing
scalable network applications. This environment operates with “an eventdriven and non-blocking I/O model”, which provides efficiency and avoiding
intense computer working [26][24].
Node provides a high-performance asynchronous event-based server and
uses a single thread for its event loop, which allows developers to use
asynchronous interfaces to do I/O operations [27].
Express is a web application development framework. It is flexible and
minimalist for Node.js. Moreover, it is fast, strong, and very simple. Its features
include URL (GET, POST, PUT …), templating options (Jade, EJS, JinJS …),
Middleware by Connect, and a good coverage test.
Handlebars.js is a templating engine, based on JavaScript, specifically in
"Moustache" template system. It aims to provide a handy and straightforward
environment to isolate the JavaScript code from the HTML web developing in
order to get an elegant and neat code [28].

3.3.5 Why these technologies instead of others?
If we compare Node with the traditional web server IIS, Node.js shows a better
performance in the execution of IO intensive tasks. The results show that lightweight and efficient nature on Node. Hence it is suitable for developing web
service APIs. Thanks to the V8 engine, it is possible to use JavaScript language
both in Client and Server Side as well as ensure JSON files to be used in the
Client-Server communication, just facing JavaScript limitations. It is also a
good idea to use node for IoT applications due to its lightness and efficiency,
and non-blocking event-orientated features [26].
Additionally, the NPM system (Node Package Manager) is one of the
largest repositories of any programming language, where it is possible to find
any library that is needed [29].
If we compare Express among other node frameworks, it is possible to
appreciate that this one is the most popular one, due to it is one of the strongest,
and most comfortable to install and use. There is much documentation to
support programming with Express framework. It is similar if we think about
handlebars because its simplicity allows a relaxed and efficient programming
task.

3.3.6 How are these technologies utilized in Xcalpel?
Node.js and Express technologies represent the server-side of Xcalpel. It has
the mission of managing all the requests that have been sent from the clientside. These requests could be either GET, rendering some view and
information and making all the needed routing, or POST request obtaining the
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information that has been sent through a form. This server-side connects to the
database and asks for the information that had been required.
Express provides the support for the REST API on the server-side,
making the programming task much more straightforward, efficient, and
secure, by letting the programmer focus on the business logic. It also allowed
using a template engine as handlebars.
Handlebars, as a client-side technology, makes the HTML code cleaner
and more intuitive by letting the information that was sent back from the
server-side to the client-side to be rendered using a straightforward syntax.
Some handlebar helpers such as #each or #if are used to loop into the
creation of tables and lists, and even to decide if the information must be
showed in a precise moment.

3.4

Technologies Used for Visualization & Interface
3.4.1 What is D3.js & Dimple.js?

D3.js is a JavaScript library for operating with documents which are based on
data. It allows the visualization of data, data binding, analytic transformation
elements, and graphics elements. According to the needs, users can determine
the mapping values to the graphic, such as display color, size. D3 uses CSS3,
HTML, and Scalable Vector Graphics (SVG) on the Web. Using SVG to
achieve data visualization necessities is becoming a new trend [30].
Dimple.js is an “open-source charting API based on D3”. This JavaScript
library helps developing graphs and charts in a much simple programming
environment than with pure D3.js itself. It makes it possible to implement
standard visualizations such as line graphs, pie charts, and scatter charts, in a
productive way using simple code [31].

3.4.2 Why these technologies instead of others?
D3.js is a good option for the creation of the visualization elements because it
is one of the largest JavaScript libraries created for this kind of programming
activity. Additionally, it is supported by an extense programmer community,
and a lot of free charts examples are available for free on the web. Moreover,
D3.js is a JavaScript library that is “the” web programming language which
although it is not a standardized language in data science provides quality
visualizations method which is very suitable in this science field [32].
Talking about Dimple.js, it is a good option since “it wraps up D3.js into
something very simple for data visualizations”. It makes the programming
activity much simpler, allowing using a much easier lexicon to the code
expressions with SVG, animations, and axis based visualizations [32].
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3.4.3 How are these technologies utilized in Xcalpel?
D3.js is used to display all the information, such as the number of correct
questions through colorful pie charts, the reflection duration with a bar graph
or even the events frequency according to the different moments in the medical
theatre video. Correctly, Dimple.js is used for all these issues as a simple
version of D3.js, for getting a much more intuitive code writing.
However, some statistical computations, such as the detection of the
maximum or the minimum of a data group, are made using pure D3.js. It is
also necessary to calculate the values that a histogram requires.

3.4.4 What is Bootstrap?
Bootstrap is an open-source front-end component library for implementing
web interface efficiently and powerfully with HTML, CSS, and JavaScript.
Moreover, Bootstrap has a responsive grid system which adapts dynamically
to all devices screen improving how the web interface looks. This library also
provides a vast number of prebuilt components and built-on jQuery plugins,
allowing an efficient programming task [33].

3.4.5 Why Bootstrap instead of others?
This framework was selected because of its responsive features, a large amount
of beautiful and easy to use complements that it includes in its library and the
extended modern browsers compatibility.

3.4.6 How is Bootstrap utilized in Xcalpel?
The Bootstrap framework could be noticed in all the layout of the application.
The main navigation bar, all the colorful buttons, and labels, even the
collapsible menus. Also, Bootstrap helps the application with its grid system,
allowing all the graphs, charts, and tables to be in their correct place. As a
framework to create a responsive application, Bootstrap was responsible for
making the application to look great regardless of its size.

3.5

Technologies Used for Register & Login
3.5.1 What is Passport.js & Bcrypt.js

Passport.js is an “authentication middleware for Node." It was created to fulfill
the goal of authenticating demands of the system. It is well-known for its
versatility and the possibility of using different modules and authentication
procedures. Passport can be included in any web application based on Express.
There is a vast number of methods which support authentication by username
and password [34].
Bcrypt.js is a password hashing function, based and optimized on
JavaScript with “zero dependencies." It is an adaptative function that provides
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a salt in order to keep the password safe in a database “against rainbow table
attacks." It is suitable for several web backend languages, such as Node.js,
PHP, and Python [35] [36].

3.5.2 Why these technologies instead of others?
Passport.js has been chosen for this application because all its great features
and versatility, such as a large number of authentication strategies, that could
be changed according to the necessities of the user or the simple way of
handling success and failure events. It is also important to mention its
lightweight code base and the feature that allows managing several sessions.
Despite the complexities involved in authentication, coding does not have to
be complicated thanks to Passport.js.
About Bcrypt.js, it was the simplest way of hiding the password in the
database efficiently and securely, to ensure the privacy of the users and the
activity data.

3.5.3 How are these technologies utilized in Xcalpel?
Passport.js was used in Xcalpel as the middleware, which allowed having the
desire authentication strategy, in order to prevent unauthorized users from
getting into the application. In this application, a local username+password has
been decided to be the authentication strategy, enabling sessions for each
logged user.
Complementary to Passport.js, Bcrypt.js was used in the application as a
way to codify the user passwords into the database. It was used to prevent
security problems such as stealing valuable user personal data, in case someone
achieved to get into the “users” collection.

3.6

Data Description

As mentioned in the last section, MongoDB is used to create and manage all
the data that Xcalpel needs to work on. This collected data could be divided
into two sections. As can be seen in Figure 3.6.1, five collections with their
respective variables can be seen in the upper part. These collections correspond
to the raw data collected by the 360degrees video prototype [8], where Xcalpel
search in according to the GET request for analyzing data. However, Xcalpel
cannot edit or delete any data located in this part of the database. On the other
hand, two collections with their respective variables can be seen in the bottom
part of the image. These collections correspond to the data that is generated
and saved by the users. In other words, Xcalpel interacts with this part of the
database by GETs request (e.g., authentication) either POST request (e.g.,
create comment). The data of this part of the database could be only added
(e.g., registration)or added, edited and deleted (e.g., comments) by Xcalpel. A
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more detailed description of the different variables inside each collection could
be found in Table 3.6.2.

Figure 3.6.1: Database inner structure diagram.
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Table 3.6.2: Description of the content inside the collections in the database.

3.7

General Application Architecture Overview

Figure 3.7.1 shows the architectural Schema of the application with the
different technologies used in the Client and Server-side that had been
explained from Section 3.2 to Section 3.6 above. Additionally, Figure 3.7.2
shows the relations between the components, graph, and interactional forms
from Client-side and the requests that the Server-side receives.
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Figure 3.7.1: Xcalpel Client-Server Architecture Diagram.

Figure 3.7.2: Xcalpel Components Diagram.
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3.7.1 Use Case Diagram
In Figure 3.7.1.1, it is possible to appreciate the fulfilled functional
requirements described in Section 3.2.

Figure 3.7.1.1: User Case Diagram.
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3.8

User Interface

In Figure 3.8.1, it is seen the main index view of the web application "Xcalpel,
Analyze Compare & Assess." It is the home page which lets the user interacts
by pressing Login, Register, About, or Home button.

Figure 3.8.1: Index page of the web application.

Figure 3.8.2: Registration page with possible error messages.
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Once the user presses the Register button on the home page, the user is
redirected to the Register form page shown in Figure 3.8.2. There, the
application lets the user fulfill the personal data gaps. When the submit button
is pressed, the new user information is added to the database, and the
application redirects the user to the login page, which could be seen in Figure
3.8.3. If there is any validation error, the application will let the user know by
rendering error messages.

Figure 3.8.3: Login page of the web application.

Figure 3.8.4: Possible error or confirmation messages on the login page.
Once the user is registered, it is possible to log in by filling the gaps in
the login form. When the submit button is pressed, the application allows the
user access to the internal application itself. The user is redirected to the
analysis page. In case that there is some validation problem with the access
information, the application lets the user know it by rendering the messages
shown in Figure 3.8.4.
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Figure 3.8.5: Empty data analysis page.
Once the user is inside the inner part of the application, it is possible to
select a target group by choosing some parameters such as scenario, study, and
group. When the submit button is pressed the application searches for the
information from that target group selected. While no selection data is chosen,
the application renders a “No data” message, as shown in Figure 3.8.5.
If the selected target is an individual group, the information is displayed,
as shown in Figure 3.8.6. There is a box with the selection parameters that had
been chosen, two graphs, and one table. The first graph is a pie chart that shows
the amount of correct/incorrect questions that the student groups answered
while in the medical room performance. The second graph is a bar graph which
shows the discussion duration time for each question of that group. Finally, in
the table, detailed question information is showed about all the given answers.
If the selected target is all groups, the information is displayed, as shown
in Figure 3.8.7. There is a box with the selection parameters that had been
chosen as well as in individual group analysis page. There are four graphs. The
first graph is a pie chart that shows the amount of correct/incorrect questions
that all groups answered while in the medical room performance. The second
graph is a bar graph which shows the average discussion duration time for each
question of all groups. The third graph shows the discussion duration of a
reflection question of each group. Finally, the fourth graph shows the total
failed question answered by all groups.
Inside the analysis page, if the user presses the Video Interaction Data
tab, the user can access to the view displayed in Figure 3.8.8. In this page, the
camera interaction data is presented in a line chart that shows the amount of
interaction that the student or all groups had done within the timeline of all the
medical room performance.
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Figure 3.8.6: “Question Interaction Data” tab inside the analysis page after
target selection (individual group).
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Figure 3.8.7: “Question Interaction Data” tab inside the analysis page after
target selection (all groups).
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Figure 3.8.8: “Video Interaction Data” tab inside the analysis page after
target selection.
If the user presses the Comments button in the navigation bar, the user is
redirected to the comment section that is shown in Figure 3.8.9. There the
comments that the logged user had added already are displayed.
The “add comment” button is located in the collapsible comment menu
in the navigation bar. If it is pressed, the user is redirected to the Add Comment
form shown in Figure 3.8.11. When the text gaps are fulfilled, and the submit
button is pressed, the new comment is added to the database, and it is displayed
on the index comment view. In this index view, confirmation messages showed
in Figure 3.8.10are displayed when an operation is successfully done.
By Pressing the blue delete button a comment is erased from the
database. If the green edit button is pressed, the user is redirected to the Edit
Comment form shown in Figure 3.8.12., where the application allows the user
to modify and update a comment which had been added already.
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Figure 3.8.9: Evaluation comments index page.

Figure 3.8.10: Possible confirmation messages on the comments page.

Figure 3.8.11: Form for adding a new comment.
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Figure 3.8.12: Form for editing an existing comment.
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4

Results

Table 4.1: Questionnaire sent to the medical personnel.
The questionnaire shown in Table 4.1 is the one that was sent to the 18 selected
participants to provide feedback about the application. It is divided into three
sections. The first and the second questionnaires correspond to Perceived
Usefulness (PU) and the Perceived Ease of Use (PEU) of a web application.
The third section is about general additional information such as background

35

information from the participants and questions for open text answers, such as
additional functional requirements or extra features that could be added to the
application in future implementations.

Table 4.2: First section of the questionnaire results (PU).

Table 4.3: Second section of the questionnaire results (PEU).

Table 4.4: Third section of the questionnaire results.
Tables 4.2, 4.3, and 4.4 show the collected score information obtained
within the first section of the questionnaire. It displays the absolute frequency.
This punctuation obtained by a specific question is in the range from 1(lower
score) to 5(higher score). Additionally, it shows the percentage over the
maximum possible score obtained by a question in the bottom part. Moreover,
a percentage at the right part displays the relative frequency that the participant
selects particular punctuation.
It is notable that Table 4.4 only displays the results of questions Q3.2 and
Q3.3. This fact is due to these two questions are the only “1to5” questions in
this section of the questionnaire.
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Figure 4.5: Relative
frequency of the
evaluation in Q1.

Figure 4.6: Relative
frequency of the
evaluation in Q2.

Figure 4.7: Relative
frequency of the
evaluation in Q3.

The three pie charts in Figure 4.5, 4.6 and 4.7, show the percentage at the
right part of Tables 4.2, 4.3 and 4.4 which shows the relative frequency that
the participant selects particular punctuation is displayed. Notably, the
participant tends to give higher punctuation instead of giving lower
punctuations in the three different questionnaires.
Due to its Boolean nature and for its singular obtained score, question
Q3.1 should be commented apart from the rest of the results. This question
shows that 100% of the participants of the questionnaire had never known a
similar application as Xcalpel.

Figure 4.8: Bar chart displaying the first questionnaire results (PU).
Figure 4.8 displays the results obtained from questions Q1.1 to Q1.7
from the first questionnaire, corresponding to the Perceived Usefulness. It can
be appreciated that the scores obtained on these questions are similar and very
high. If a closer look is taken, the difference among the answers can be
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perceived. According to Figure 4.8, it is possible to conclude that the lowerrated question is Q1.5, followed by Q1.3. It is also possible to see that the
higher-rated question is Q1.2, followed by Q1.7.

Figure 4.9: Bar chart displaying the second questionnaire results (PEU).
Figure 4.9 displays the result obtained from questions Q2.1 to Q2.8 from
the second questionnaire, corresponding to the Perceived Ease of Use. It can
be appreciated that the scores obtained on these questions are similar and very
high. If a closer look is taken, the difference among the answers can be
perceived. According to Figure 4.9, it is possible to conclude that the lowerrated question is Q2.5, followed by Q2.6. It is also possible to see that the
higher-rated question is Q2.1 with the same score than question Q2.2.

Figure 4.10: Bar chart displaying the third questionnaire quantitative results.
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Figure 4.10 displays the result obtained from questions Q3.2 and Q3.3
from the third questionnaire, corresponding to general additional information.
It can be appreciated that the scores obtained on these questions are similar and
very high. If a closer look is taken, the difference among the answers can be
appreciated. According to Figure 4.10, it is possible to conclude that the
higher-rated question is Q3.3 over Q3.2. However, as the information from this
questionnaire is not comparable among the questions, both will be analyzed in
the next chapter.
In the Appendix Section, Tables 4.14, 4.15 and 4.16 displays all the data
which were written freely by the participants to answer the questions Q3.4,
Q3.5 and Q3.6 from the third section of the questionnaire corresponding to
additional features proposed by the participants and their general overview of
the application. The main point of this collection of answers will be analyzed
in the next chapter.
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5

Analysis

Reliability was measured by using Cronbach’s alpha. Cronbach’s alpha for
Perceived Usefulness (PU) and Perceived Ease of Use (PEU) were .81 and .78,
indicating that the scales had acceptable internal consistency.Scale means were
4.44 (SD = 0.74) for PU and 4.56 (SD = 0.69) for PEU.

Table 5.1: Cronbach’s alpha calculus for PU questionnaire.

Table 5.2: Cronbach’s alpha calculus for PEUquestionnaire.
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5.1

Analysis of Perceived Usefulness (PU)

According to the Perceived Usefulness (PU) questionnaire, the less rated
aspect of the application surrounding its utilization corresponds to the ideas
exposed in the questions Q1.3 and Q1.5.
Regarding question Q1.3, “The Xcalpel application shows the most
relevant parameters when evaluating”, the lower score reached in this aspect
could be interpreted as the application needs to include more parameters apart
of the number of correct questions and discussion duration. In some feedback
comments, the questionnaire participants require to have displayed the vital
signs of the patient at the critical moments of the intervention to measure if the
time that a question discussion takes is significant or irrelevant. On the other
hand, if we focus on the parameters that the video database provides us, another
parameter that could be interested in being displayed could be the path that the
student has to follow before he answers a question, or checking if the student
has looked at a certain point in the image at a critical moment.
Regarding the question Q1.5, "The "interaction chart" (the line diagram)
of the Xcalpel application. I consider it useful to evaluate (in spite of not
showing material as questions or direct evaluations, but several interactions at
each moment)”. The lower score reached in this aspect could be interpreted as
the questionnaire participants prefer immediate physical results (correct
questions, answer given in a specific moment) than an abstract information
graph, as it requires a more significant effort from the user to get conclusions
by using the data that the graph displays. Additionally, as mentioned before, to
show the path that the student has followed before answering a question could
be a solution for this issue as the hypothetical graph would provide a piece of
less abstract information but equally regarding the student movement.
On the other hand, the Perceived Usefulness (PU) questionnaire shows
that the most rated aspect of the application surrounding its utilization
corresponds to the ideas exposed in the questions Q1.2 and Q1.7.
Regarding the question Q1.2, “The Xcalpel application would help me
understand the data collected during the operation” the higher score reached in
this aspect point the evidence that when the questionnaire participants saw the
collection of raw data, they all agree that there was a real necessity to manage
that information somehow in order to obtain a benefit from them.
Regarding the question Q1.7, “In general, I think that an application like
Xcalpel is useful in the medical teaching field)” the higher score reached in
this aspect point the fact that mostly all the participants felt surprised and
interested in this kind of analysis application. They would find it very useful
in case they have to use it with their students, helping them in the evaluation
task to be simpler and more efficient.
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5.2

Analysis of Perceived Ease of Use (PEU)

According to the Perceived Ease of Use (PEU) questionnaire, the less rated
aspect of the application surrounded how user-friendly is the App,
corresponding to the ideas exposed in the questions Q2.5 and Q2.6.
Regarding question Q2.5, “It is difficult to remember all the
functionalities of the application (1difficult / 5easy)”, the lower score reached
in this aspect could be interpreted as the application needs to have included a
first time using tutorial, or even a help button that provides information about
the different information which is being displayed on each chart. It could also
be interesting for the application users to have access to a file in which the
algorithms which are used to manage the information in the charts would be
explained in a nontechnical language, in order to make it more understandable
the origin of the data that is being rendered. Moreover, it could be helpful to
add popups boxes that explain the main functionality of each button or label
when the user passes the mouse over it.
Regarding the question, Q2.6, “Would work with the Xcalpel application
be exhausting? (1strenuous / 5pleasant)”. The lower score reached in this
aspect could be interpreted as the user requires to have a more enjoyable
application by adding some dynamical features. The “strenuous” of the
application could be the colors selected for the main navigation bars or even
the gradient of colors that were chosen to display the bar graphs. It could also
be possible that the size of the graphs or even the font or size of the text and
legend were no perfect for this propose.
On the other hand, the Perceived Ease of Use (PEU) questionnaire shows
that the most rated aspect of the application surrounding how much userfriendly the is the Application correspond to the ideas exposed in the questions
Q2.1 and Q2.2.
Regarding the question Q2.1, “I think the Xcalpel application was easy
to understand” the higher score reached in this aspect point the evidence that
the application achieves the expected goal of being handy for nontechnical
personnel. In this way, this shows the fact that in the future the application
could be implemented in a hospital or another different scenario without
worrying that the people will reject the application due to its technical
difficulty and complexity.
Regarding question Q2.2, “The Xcalpel application I found appealing to
the eye and pleasant to use)” the higher score reached in this aspect point the
fact that this application achieves the goal of being user-friendly. It also points
the evidence of the excellent look of the views and the correct performance of
the responsive features of the application, making it adaptable, flexible, and
capable of being displayed on different screen sized devices.
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5.3

Analysis of “Additional Information” questionnaire

In the “additional information” questionnaire, three extra questions were
provided to the participants:
First of all, according to the question Q3.1, 100% of the participants of
the questionnaire had never seen or used an application as Xcalpel. This fact
could mean that Xcalpel is an innovative application that creates interest in
medical personnel according to the rest of the questions of PU and PEU
questionnaires. Xcalpel had been so welcome that, even if it is something
completely new, it is not rejected or feared by the medical personnel, thinking
that it is a useful tool that can help in the teaching field. Additionally, if we
mix the high results in the Q3.1 with the top score reached in the question Q3.2,
we can realize a trend in the future to adopt this kind of analysis application as
a complementary method of teaching and assess the students.
On the other hand, the medium score obtained on the question Q3.3
points out that the additional tool inside the application to add, edit, and
visualize comments was not as good valued as the rest of the application. So
in the future, the users would prefer to still add their comments and evaluation
in traditional means such as paper or already well-known writing applications.

5.3.1 Summary and analysis of the open text question
Regarding the open text questions Q3.4, Q3.5, and Q3.6, the next paragraph
summarizes them in order to display the primary and most repeated points from
the answer collection Tables 4.14, 4.15 and 4.16 from the results chapter.
Main points of Q3.4: Although 50% of the participants think that the data
that is displayed in the graphs are more than enough for correct evaluation,
some interesting extra data proposals had been made. Two participants agree
that it would be beneficial to have access to the time of the critical points of
the video so it would be possible to distinguish among relevant and irrelevant
moments to assess accurately. Also, it is said having access to additional
medical tests such as the vital signs to have a better reference when evaluating.
It is said that it could be used as a debriefing tool for making important
decisions. Finally, two other participants agree that it would be fascinating to
have individual access to the activity of each component of the group to assess
relevant nonclinical skills such as teamwork and leadership.
Main points of Q3.5: Although more than 50% of the participants think
that there is not a necessity of adding extra features to the application apart to
the analysis and comment utility, some interesting additional features
proposals had been made. As mentioned in the answers to the question Q3.4, a
utility to collect complementary extra medical test such as bone scan, blood
levels at certain moments would be appreciated, as well as some statistical
analysis of the camera movements to get a better appreciation of the scenario
actions. Also, a debriefing utility is proposed as well as a feature for evaluating
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non-clinical skills such as leadership, correct terminology communication, and
assertiveness.
Main points of Q3.6: As an overall evaluation, the questionnaire
participants decided to point some subjective impression and aspects. It is said
that Xcalpel is a well-developed web application with several exciting features.
It has excellent visibility and allows them to dive into the collected data
quickly. It allows assessing the groups of students about their medical
knowledge as well as the importance of the reaction time that is a critic in some
treatments. However, it allows the teachers to assess themselves and their
teaching activity, getting the weak points at the knowledge of their students.
The application Xcalpel would also be interesting to be used to analyze 2D
camera videos, and it would be good to make the application work in a
multidisciplinary scenario, not only in nursing teaching. In one word,
“surprising."
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6

Discussion

As presented the Chapter 1.3 (Problem Formulation), the main goal to achieve
during the process of this project was to successfully answer the research
question of creating a way of analyzing and representing the 360degrees
interactional data collected with the prototype system developed by the
Department of Media Technology and Computer Science. While using the
right method, some possible solutions appeared due to the several meetings
that took place during the early days of the project. Then the structure of the
data was revealed after a more in-depth study of its characteristics, which
allowed to get an accurate analysis of the raw data. After a study that took place
in December, we had enough material to work.
Now the application Xcalpel is completed, and all its analysis features
were discussed, established, and programmed. As it could be seen in Chapter
4 (Results) now, it is possible to take all that amount of messy, raw data and
convert it into produced useful data.
The principal aim of this produced data is helping the nursing teachers
to understand the data that was collected by the prototype system while the
performance of the different groups during the past study and the studies that
will take place in the future. For the evaluation of this point, a Perceived
Usefulness (PU) Questionnaire was created and sent to a diverse group of
medical personnel. The interpretation of the results of this questionnaire, which
is shown in Chapter 5 (Analysis), displays the overall success in this goal with
several good evaluations and comments from the inquired group. Generally,
the target group is delighted with the application functionality and features.
That is why we can say that it was a success on the objective of implementing
an algorithm capable of analyzing a substantial amount of collected data.
On the other hand, there was a secondary goal that is to display all this
information in a way that feels pleasant and clear to the user in a responsive
multiplatform application. The utilization of Bootstrap, D3.js, and Dimple.js,
which are described in Chapter 3 (Implementation) were essential technologies
to achieve this goal. For the evaluation of this second point, another Perceived
Ease of Use (PEU) Questionnaire was created and sent to the same group of
people. According to the analysis of the results of this questionnaire, the
general satisfaction was even better than with the other goal. There it is
possible to say that the objective of creating a visual interface to allow
specialists and no specialist people to visualize the students’ interactional data
collected is fulfilled.
Additionally, some comparative features were implemented in Xcalpel
with the ALL GROUPS analysis option, in which different algorithms than the
single group analysis take place. This functionality gives to Xcalpel an added
value that was appreciated by the medical personnel. Nevertheless, according
to the expected time limitations exposed in the scope section, some other
algorithms to a comparative analysis appeared during the developing process
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but were not implemented due to the lack of time, to complete the main goals
successfully. This advanced analysis will be exposed in Section 7.1 (Future
work).
In general terms, I am delighted with my personal organization and work,
especially to collaborate with another useful study in the 360degrees video
visualization field, as the papers described in Section 1.2 (Related work).
According to these studies, some approach to improving the 360degrees video
optimization was made and efforts to reduce the bandwidth, even some studies
implement that technology in the medical field, specifically in the teachers’
environment. However, none of them decided to implement a functional
application to analyze the collected data by showing all the possibilities that
the analysis and visualization of 360degrees video data has. In the future, it
might be possible to use a modified version of Xcalpel to analyze the prediction
of the viewpoint in these videos in order to help with the issue of reducing and
optimizing the bandwidth requirements.
As I have just mentioned, although Xcalpel is a completed functional
application, the real potential of this Application is that with a little
modification it could be used in other fields that required analysis, as a different
emergency scenario such as a policeman or firefighter's scenarios. Without any
modification, when more Emergency Nursing Scenario data will be included
in the database, Xcalpel will react and create the proper analysis automatically.
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7

Conclusion

This report collects all the main goals of the project. The related studies show
the necessity of continuing researching into the 360video technology world.
That is because it is a technology with huge potential but nowadays still with
some relevant problems.
Then this report also exposes the primary necessity of having a way to
efficiently analyze all the data that was collected in an emergency nursing
simulation study. According to the questionnaires that were done after the
implementation of Xcalpel, it is possible to conclude that it represents a useful
tool in this study field. The results that appeared after this investigation could
be relevant for the main targets of this project which are nursing teachers to
analyze, compare and assess their students, as well as researchers that are
interested in the analysis of this kind of data.
Additionally, this study and the application developed during this project
may be relevant and interesting for the society as long as, the 360degrees
technology will continue evolving during these next years, and lots of data will
be generated. Then, an analysis method should be created according to the
necessities of each system.
Although the results are very satisfactory, and they even exceed results
expectations, the results could be even better if more time were available. It is
also important to realize that the possibility of having a more significant
number of studies in this scenario will be very beneficial. Also, it would be
constructive to have a bigger group of medical personnel who could test the
application.
Short term, the application developed during this project will be used to
analyzed different Emergency Scenario. Then, it is notable that it has big
scalability and flexibility.

7.1

Future work

While working on the project and writing the report, some questions and new
and creative ways of analyzing the 360degrees data have come up. However,
due to the time limitations, those have been rejected, but they may be the origin
of a new version of an analysis application or a goal for further research.
First of all, a more in-depth analysis could be possible in the future, by
adding extra functionalities, in order to get crossed group analysis. Similarly,
a feature for comparing each group with the global average will be beneficial.
Secondly, in this project, only a small amount of all the raw data from
the database have been used. This data represents the main part. However,
there is some information as the “pitch” and “yaw” of the camera that has been
unused by Xcalpel. In this way, one very advanced functionality is possible to
be implemented. This functionality consists of the implementation of a 3axis
chart that displays the evolution of the position of the user in the system and
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detecting which was the exact position in which the student answers a question
from an interaction point. According to that, it would be possible to add a
feature that allows the teacher to know if the student answer incorrectly to a
question due to that the student was distracted with something that was not
critical for that situation or this user did not follow the adequate path in that
specific emergency.
Finally, it will be beneficial to have a collection of critical moments to
distinguish if the student fail was essential or just a minor issue.
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Appendix
Q3.4
Being a simulation of a situation (clinical or not) in a general way, the
evaluation system is useful, having to adapt to each specific situation,
knowing the critical points or of vital importance (essential to know or not)
that is to categorize the actions.
Critical points, not only it is moving but to pay attention to what is important,
focus on the vital signs, what is being done at that moment.
Equating the movements with the camera with the evaluation of the
knowledge or technical skills of a nurse seems complicated. Similar
visualization systems are used for debriefing in teaching as a tool for
decision making or nonclinical skills.
No. I think it is a suitable evaluation method.
The pattern is considered of "normality."
Need to have practice.
It seems sufficient for the evaluation of the visualized videos. However,
while using, it is when the deficiencies are genuinely detected.
They are enough.
No.
The person who interacts should be recognized in a group evaluation.
It would be interesting for the application to recognize each person to be able
to evaluate a multidisciplinary team (surgeon, anesthetist, intensivist,
neonatologist, gynecologist, nurse, TCAEs) and in different areas not only
in an operating room but in an intensive care center, a parlor. If we could
evaluate different questions and answers for each group and who does it and
in what time we could also evaluate crucial things like teamwork and
leadership the application would serve not only to evaluate clinical skills but
also nonclinical skills.
The reaction time of the student before the event (reaction speed).
Perhaps answers to questions from the teacher to the student throughout the
evaluation which were not foreseen.
Table 4.14: Answers to the question Q3.4 from the third questionnaire.
Q3.5
Time control in each performance (more or less critical).
To attach complementary tests as they are being done, being able to analyze
with several groups, some statistics that analyze concepts that are more
difficult to interpret as movements.
Debriefing for decision making, and evaluation of nonclinical skills
(leadership, communication, the transmission of information, and
assertiveness).
No.

1

No.
Continuing Education.
Not now.
No.
No.
No.
What is mentioned in the previous point.
No.
The possibility of introducing not foreseen questions
Table 4.15: Answers to the question Q3.5 from the third questionnaire.
Q3.6
With a proper development that defines the essence of what has not
categorized the answers and according to them, the training of the evaluated
being a bank of personnel tests.
Good impression, excellent visibility of what is happening and good
immersion. There is a lack of audio that can sometimes be important. The
improvements that I mentioned earlier.
Nice to look at.
I think it is an excellent application since it allows the students to participate
interactively, situations that have to be faced in the exercise of their
profession, which is not easy to be shown in a classroom. The teacher can
evaluate the student, not only in terms of the level of knowledge (answering
the questions asked) but in a critical aspect such as response time, which in
many cases affects the success or failure of treatment. On the other hand,
although the application allows an analysis of the student individually and
in groups; There is an aspect that I found very interesting, which is the
evaluation that the teacher can make of his teaching activity, by analyzing
the data provided by this application. Since, by evaluating the graphs,
quickly and easily, we can deduce aspects of the academic content that have
not been clear to the students, which must be particularly stressed (failed
questions and long response times). For all these reasons, I consider that this
application is a handy tool for teaching, recommending its development.
I find it very interesting, except for the graphics of interaction with the
camera that I do not find useful. On the other hand, I do not know if
360degrees cameras of that type are available in my environment. However,
it would also be fascinating to use this application to evaluate situations
recorded with a standard camera in the simulation courses, in which the
student participates directly "attending to the patient" and solving the
questions asked.
Practical and useful, but I would need more practice time with it.

2

I found it very interesting. I would have to study it more thoroughly to be
able to give ideas for improvements, but it seems very useful for the
evaluation of the clinical simulation.
I think it is a tool that can be very valid as an aid in the evaluation of students,
although, like all computer tools, its real usefulness is not really appreciated
until it is used.
I did not know anything about this kind of application, and I find it very
useful. They could be performed in many different situations, adding
analytical results, radiological tests for complex clinical cases, almost like
virtual reality, but with real cases. Surprising.
The Xcalpel have made it possible for lectures to in an easy and accessible
way to evaluate students answer as well as their time spent on discussion
during the interactive video. Xcalpel will be a helpful tool for evaluating
students’ knowledge and finding areas where more education is needed.
Moreover, this tool will also be a helpful tool during the development and
evaluation of interactive pedagogical videos.
I find it useful to evaluate and detect possible failures of students in specific
fields. The teaching could be oriented towards those failures and difficulties
that the students show in the fields which are being evaluated.
It is a beneficial application in the field of simulation as a way of teaching
medicine.
The overall impression is excellent; I wish we could put the whole project
into action in our area, the initial and your tool, it would be handy for team
training and, for evaluation, not only in the training of students but in
training and the improvement of already formed teams. For this, I suggest
adding the possibility of management multidisciplinary.
I think it is something new, fresh, and with many possibilities when it comes
to its application to real life. The 360º camera makes everything under
control. The application is very good.
It seems a new form of active and practical evaluation and also comfortable
and fast for the teacher. I find it very interesting to present the results by
groups in order to compare the students taking into account the difficulty of
the test as well as the response time data that is also a new contribution. It is
a method that I think is affordable, and that improves the current evaluation
techniques.
I find it a handy application because of its teaching nature. I have some
questions:
This application is applicable only with the camera software that is
presented? Can it be applied with other different cameras?
It has a great utility in the teaching of clinical simulation, mainly when
nonclinical skills are being evaluated, such as teamwork, communication,
leadership, or assertiveness
Allows an agile, useful and straightforward evaluation of teaching
Table 4.16: Answer to the question Q3.6 from the third questionnaire.
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