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Abstract 
 
mLearn4web is a web-based framework aiming to support the creation of mobile 
applications within the field of mobile learning. The framework consists of three main 
parts; an authoring tool, automatically deployed mobile applications and a visualization 
tool. The visualization tool was implemented as part of this thesis’ work. The focus of 
this thesis was to identify visual representations for data collected in mLearn4web 
activities and to implement these representations in a new visualization tool. 
 
The work has had a design-based research approach and was conducted together with 
teachers as a part of an iterative design process. The work was initiated by a literature 
review and a study of previous mLearn4web use. A questionnaire was then sent to 
teachers, where they were asked to rate different visual representations. This was the 
basis for the development of the visualization tool. Three workshops involving teachers 
were conducted throughout the process, finally resulting in a functional visualization 
tool and a set of visual representations that were found appropriate by teachers. 
 
Evaluations with experienced teachers show that the visual representations proposed 
and implemented can be appropriate in an educational setting. To further validate them 
the tool and its visual representations need to be tested in real-life settings, and should 
ideally also include students. 
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1 Introduction 
 
This section presents background, problem definition, research questions and limitations 
of this work. 
 
1.1 Background 
 
Trends of a transition from traditional teaching methods to digital supported educations 
can be identified (Ruth 2010) and according to Zbick et al. (2015) “The immense 
availability of smartphones and other mobile devices like tablets among students offers 
opportunities to integrate them into teaching practices”. The development of mobile 
technologies enables learning situations beyond the classroom (Milrad et al. 2013). 
“Studies show that the ability of teachers to further elaborate and improve their teaching 
methods and practices by using the latest development in ICT is essential to maintain 
and increase the quality of teaching and is therefore an important subject for research” 
(Zbick, Jansen & Milrad 2014).  
 
mLearn4web is a web-based framework aiming to support the creation of mobile 
applications within the field of mobile learning (Zbick, Jansen & Milrad 2014).  
The idea of using it in the context of field trips came from exploratory observational 
studies that investigated how teachers envision the usage of Information and 
Communication Technology (ICT) in education. The studies showed that the majority 
of teachers envisioned usage of ICT with data collection scenarios (Zbick et al. 2014), 
and a field trip is a fitting scenario for a data collection scenario in education. The 
framework consists of three main parts; an authoring tool, automatically deployed 
mobile applications and a visualization tool. The foundations for incorporating these 
three parts came from Krepel and Duvall (1981) which state that outside learning 
activities such as field trips can be divided in three phases: The pre-trip phase, where the 
preparation of a trip takes place, the trip itself and the post-trip phase, where the debrief 
of the trip is conducted (Zbick et al. 2014). 
 
The authoring tool of mLearn4web provides teachers with an easy to use interface with 
which they can create their own mobile learning applications (pre-trip). The learning 
applications are referred to as scenarios. The developed scenarios can be used by 
students during educational activities such as field trips and other activities outside the 
classroom. During these activities, the students carry out tasks supported by the mobile 
application (learning scenario) from which data is collected. Studies indicate that the 
mLearn4web framework is a “promising approach to offer support in the whole process 
of designing, executing and analyzing mobile learning activities” (Zbick et al. 2015). 
 
Workshops have been conducted where participants have been using the authoring tool 
and the mobile applications, participants have been asking about where they can see the 
data collected. This strengthens the need for a visualization tool. At the start of this 
work the visualization tool had yet to be implemented. The visualization tool is intended 
to be used in an educational setting. Educational setting specifically meaning schools 
(preschool, elementary school, high school) and their teachers. Teachers should be able 
to gain insight and an overview of student-generated data, by usage of the tool on a 
desktop computer. The visualization tool should also be designed in a way, so it 
supports the debriefing and reflection process after the learning activity along with 
students (Zbick, Jansen & Milrad 2014). This activity is envisioned to be carried out in 
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the classroom where the teacher shares the results/data from the learning activities with 
students by usage of the visualization tool. An example of how this was done is TriGo 
(Gil de la Iglesia et al. 2015) which is another implementation of the same architecture 
as mLearn4web. Where the visualizations were presented on a whiteboard via a 
projector. “The tool was supportive for the students presenting their ideas and referring 
to actions that they did on the field. The teacher could lead the conversations by 
selecting which specific student cases should be displayed and encouraging all the 
students to go to the whiteboard for presenting their ideas” (Gil de la Iglesia et al. 
2015). 
 
The idea of the visualization tool is to automatically generate visualizations for the data, 
since we cannot assume that teachers have the technical skills or data visualization 
knowledge to do so themselves. Lots of research about data visualization in general has 
been conducted, inspiration and guidelines can be found in previous research on how to 
visually represent various datatypes. However, to the best of our knowledge, no 
research about how to represent data in educational settings has been conducted. The 
fact that we are dealing with teachers that do not usually have technical backgrounds 
means that traditional data visualization techniques might not be applicable in these 
settings. Therefore, one goal of this thesis is to find and verify appropriate visual 
representations of data with the focus on educational settings. 
 
The contribution of this work is to design, develop and test the visualization tool and 
more specifically focus on ways of representing the data. 
 
1.2 Problem Definition 
 
Ware (2013) highlights the importance of transforming the data into something the 
perceiver (in this case teachers and students) can understand. Another aspect to consider 
is the context of the visualizations (Spence 2014), since this visualization tool will be 
used in an educational setting it needs to be designed accordingly. Various data can be 
visually represented in various ways appropriate for different contexts in different 
settings. The challenge of this work is to find appropriate ways to represent the data 
from the mLearn4web learning activities for an educational setting. So that teachers and 
students can be able to gain insights and understanding of the results from these 
activities. 
 
1.3 Research Questions 
 
The exploration, design, development and testing should in addition serve to answer the 
following research questions. 
 
• What are appropriate ways of presenting data collected from mLearn4web learning 

activities in an educational setting? 
• Which representations are appropriate for a certain dataset generated during the 

mLearn4web process?  
• Which combination of datasets makes sense to visualize in the context of 

mLearn4web? 
• Which representations are appropriate for these dataset combinations? 
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1.4 Limitations 
 
A common issue in data management and visualization is scaling, which occurs when 
the data gets larger. Scaling is not covered in this work and the selected visualizations 
are intended to represent data in sets of 10-15. 
 
In the scope of this work existing visualization techniques are investigated with the goal 
of identifying which are appropriate in an educational setting, in other words, not to 
come up with new visualization techniques. 
 
Even though the effects of usability and user experience of the developed visualization 
tool are hard to remove from the study, its purpose however, has been to evaluate 
visualization techniques. 
 
mLearn4web is designed to be used by teachers of all kinds of levels. However, the 
workshops in this work was conducted with mostly elementary school teachers. But we 
strongly believe that the results are applicable in the general purpose of mLearn4web. 
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2 Foundation 
 
This section describes theory relevant to this work, including technology enhanced 
learning, mobile learning, visualization, design-based research and finally lists work 
which served as inspiration and a foundation for the visualization system developed. 
 
2.1 Technology Enhanced Learning 
 
Technology Enhanced Learning (TEL) is a term that is interpreted broadly, however, as 
Goodyear and Retalis (2010) argues “it is not restrictive with respect to either types of 
technology or pedagogical approaches”. They use the term to cover circumstances 
where technology plays a significant role in making learning more effective, efficient or 
enjoyable. Technology includes both hardware and software. Examples of hardware that 
can be used for TEL are interactive whiteboards, smart tables and handheld 
technologies. Software examples include computer-supported collaborative learning 
systems and learning management systems (Goodyear and Retalis 2010). 
 
2.2 Mobile Learning 
 
O’Malley et al. (2005) defines mobile learning as the employment of mobile 
technologies in learning. Mobile learning essentially refers to learning which happens 
through or with a mobile device away from someone's usual learning environment. 
Examples of mobile learning devices include wireless devices like phones, tablets and 
laptop computers. 
 
2.3 Data Visualization 
 
Visualization can be described as the activity of forming a mental model of something 
(Spence 2014). Ware (2013) categorizes visualization into four stages, where the 
objective of the first stage is to gather data. In the next stage that data can in turn be pre-
processed into something that is easier to manipulate. Stage number three then map pre-
processed data to visual representations, which is often done by computer algorithms 
that produce an image on the screen. The final stage is what Ware (2013) terms the 
perceiver, where a human (perceiver) look and interact with visual representations. 
Ware (2013) does in addition point out that a critical question is how data can be 
transformed into something the perceiver can understand. It is of importance to have 
knowledge about human perceptual and cognitive systems to make visualization 
understandable. Visualization can help users gain insight from data as well as support 
decision making. 
 
2.4 Data Representation 
 
Information visualization is according to Spence (2014) about finding ways of 
representing “raw data” in forms that are suitable for people's understanding. Spence 
(2014) identifies three principles of data representation. The first is the datatype, which 
for example could be numerical, categorical or ordinal data. The next one is the 
dimension of the data, how many attributes the data has that need to be taken into 
consideration. The third is the user, who in the end is the one that will look and interact 
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with the visual representation. It is important that the designer considers how human 
beings function. 
 
2.5 Related Work 
 
This section presents mLearn4web in more detail together with similar or related work. 
 
2.5.1 mLearn4web 
 
mLearn4web represents the foundation of this work and the developed visualization tool 
will be integrated as a part of the complete framework. As mentioned previously the 
framework is meant to consist of three parts, an authoring tool, mobile applications 
supporting data collection and a visualization tool to visualize collected data. 
 
The first part of the mLearn4web framework, the authoring tool, is a tool which 
provides end users with an easy to use interface for creating learning activities 
supported by mobile devices. Figure 1 shows an overview of the authoring interface. 
 

 
Figure 1: Overview of the mLearn4web authoring tool interface 

 
These scenarios are automatically deployed as mobile applications. The authoring tool 
allows teachers to create multiple screens to which they can add content. This is done by 
dragging components from the right panel into the phone in the middle. Table 1 lists all 
available components from which the teacher can choose from.  
 
Most components consist of two parts. An input text field where teachers for example 
can write a question or instructions of something that the students should perform. 
Depending on which component, a different input type or sensor input activation will be 
available and allows the collection of different datasets. For example, the “take a 
picture” component, where the instruction could be to “take a picture of a statue”. When 
the students open the applications, they will see the instruction followed by a button. 
Pressing the button will then open the device’s camera. When the student has completed 
the scenario, they submit the data. The photo taken will then be saved in a database and 
is later available for visualization. Students can access these applications by navigating 
to an URL or by scanning a QR-code.  
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Table 1 presents the component type, what each component includes in the authoring 
tool, what the component includes in the mobile application and the type of data which 
gets submitted. 
 

Component Authoring Tool Mobile App Generated data 
Instruction A text field where teachers 

can add instructions as 
text. 

Instructions with no input. None 

Take Photo Instructions for taking a 
photo. 

Opens the camera or the library 
on the mobile to take/add a 
photo or image. 

Media - Image 

Record Video Instructions for recording a 
video. 

Opens the camera or the library 
on the mobile to record/add a 
video. 

Media - Video 

Enter Text Instructions for text input. Input field that opens the 
keyboard on the device. 

Text 

Choice Instructions with the 
option of adding multiple 
choices.  

A dropdown with alternatives 
to choose from. 

Alternatives - Text 

Record Sound Instructions for recording a 
sound. 

Opens the microphone or the 
library on the device to 
record/add a sound. 

Media - Sound 

Add Location Instructions for adding 
location. 

Automatically gets the latitude 
and longitude of the device 
position. 

Position – Longitude 
& Latitude 

Add Date Instructions for adding a 
date. 

Opens a date picker on the 
device. 

Date 

Numerical Instructions for adding a 
numeric value. 

Opens the numeric keyboard 
on the device. 

Numeric 

Add Media Adding a media file either 
from a local file or URL. 

Presents the media file, no 
input. 

None 

Table 1: Component type, component in authoring tool, component in mobile 
application and generated data type. 
 
2.5.2 LETS GO 
 
Vogel et al. (2014) present a software system which was developed in relation to the 
Learning Ecology through Science with Global Outcomes (LETS GO) research project. 
The project aimed to “support open inquiry learning using mobile science 
collaboratories that provide open software tools and resources, and participation 
frameworks for learner project collaboration, mobile data and media capture, 
publishing, analysis, and reflection.” (Vogel et al. 2014). 
 
The project was about students using different sensors (e.g. water quality) and mobile 
devices for collecting data in the field, this data was later visualized in the classroom 
using a web based visualization tool. The mLearn4web is taking LETS GO software 
system as an example and tries to generalize it. 
 
The data collected with the mobile data collection application included geo-tagged and 
other sensor data. The visualization tool, also called Green Lab, served to support 
exploration, analysis, discussion and reflection of the data collected in the field (Vogel 
et al. 2014). Green lab provides multiple visual representations of the data set, 
producing different graphs, maps, images and data tables which can be interacted with 
actively. An overview of the Green Lab interface is presented in figure 2. The 
generation of visual representations was done using Google maps API and Googles 
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Visualization API. The Geo-temporal data was presented on a map with markers and 
information windows. Other examples of representations are Scatter plots, Line charts, 
Bar charts and tables. The tool provides different alternatives for representation which 
can be chosen from the toolbar in the top right corner (see figure 2). 
 

 
Figure 2: Green Lab – Web Visualization tool (Vogel et al. 2014) 

 
The researchers found that, by incorporating the users/learners in the discussion of 
ideas, designs, requirements and implementation possibilities, the development become 
more easily manageable and understandable (Vogel et al. 2014). 
 
The core feature of collecting data from mobile devices (sensor data) and visualizing the 
data can be identified in the mLearn4web framework. The Green Lab tool has been 
implemented to visualize a specific set of known data, such as pH values and 
temperatures, unlike mLearn4web, which should support a broader range of data types 
and applications. 
 
2.5.3 iNZight 
 
iNZight is a data analysis software system which was initially designed for New 
Zealand high schools (iNZight 2017). The purpose of the system is to allow students to 
explore data quickly and easily. According to Forbes et al. (2014) the system facilitates 
fast exploration of multivariate data, using simple forms of graphics as well as attacking 
the getting-further-faster problem by minimizing system complexity and using intuitive 
metaphors. 
 
When data is loaded into iNZight it automatically detects the variable types as either 
numeric or categorical. It then draws appropriate graphs, like Dot plots, Scatter plots, or 
Bar charts. It is also possible for the user to customize or create their own graphs using 
a drag-and-drop interface. The functionality of creating own graphs is a bit more 
complex. Only by selecting and deselecting datasets new graphs are created 
instantaneously, this provides the students with a fast flow of exploring different graphs 
for different data.  
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Even though the datatypes which could be represented in the iNZight were rather 
limited, exploration of the system gave insights into which ways of visualizing data 
have been used in tool for educational purposes. 
 
2.5.4 GeoNotes Visualization System 
 
Jusufi et al. (2008) introduces the GeoNotes Visualization System (GNV). The GNV is 
a system that visualizes semantical, temporal and spatial relation between the content of 
documents produced by GPS-enabled location based services. It was in their interest to 
learn more about the content in the documents and for this they used the Tag Cloud 
metaphor (see figure 3). Jusufi et al. (2008) argues that Tag Clouds are well-known 
metaphors. “Tag Clouds show the most frequently used words in the text in form of tags 
of different sizes dependent on the weight of the tags. The weight is the percentage of 
the word occurrences in the text. So, a high weight value leads to a big font size” (Jusufi 
et al. 2008). The location of the document was represented by a marker (GeoNote icon) 
on a map (see figure 4). To further explore the content of a document it was possible to 
click the GeoNote which displayed an information window with the content (see figure 
5). 

Figure 3: Tag Cloud  Figure 4: Geo Notes in Map 
 

 
Figure 5: Information Window 

 
The GNV system is similarly to mLearn4web collecting and visualizing data from 
mobile devices. The GNV is focusing on text and location based data, which are 
datatypes that the mLearn4web visualization tool also should support. 
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2.5.5 Tableu: Show Me Alternatives & Automatic Marks 
 
Mackinlay, Hanrahan and Stolte (2007) presents features including automatic 
presentation of data, automatic selection of mark types, the possibility to create multiple 
views of data and guidance by showing recommended visual encodings when creating a 
visualization from scratch. The features are called Automatic Marks, Show Me and 
Show Me Alternatives which are parts of the commercial visual analysis system called 
Tableau. Their aim was to help users who lacked graphic design experience or 
knowledge to present their data using best practices. 
 
The automatic marks feature creates small multiple displays with default graphs 
depending on the data selected. Automatic Marks are based on the properties: data type 
(text, date, numeric, Boolean), data role (measure or dimension) and data interpretation 
(discrete or continuous). The Tableu data model classifies the data into Categorical, 
Quantitative etc. (see table 2 for all classifications). Depending on the properties and 
classifications, default views with default mark types are suggested. For example, a 
pane with two fields are selected, the first field is considered Categorical Date (date or 
date & time) and the second is Quantitative, the mark type will then be Line and the 
view type will be Line view (table 3 shows all automatic mark rules). This is presented 
as a default view but the user has the possibility to change it. 
 
C Categorical Discrete and dimension 
Cdate Categorical date Date or Date & Time 
Q Quantitative Continuous 
Qd Quantitative dependent Measure 
Qi Quantitative independent or Qdate Dimension 

Table 2: Tableu Data model classifications 
 
Pane type Mark Type View Type 
C C Text Cross-tab 
Qd C Bar Bar view 
Qd Cdate Line Line view 
Qd Qd Shape Scatter plot 
Qi C Gantt Gantt view 
Qi Qd Line Line view 
Qi Qi Shape Scatter plot 

Table 3: Automatic marks rules 
 
When starting off with an empty sheet the system provides Show Me Alternatives, 
which is a popup window containing a list ranked view alternatives. The ranking is 
based on designs that embody best practices and are familiar to most people. In general, 
it ranks views that encode data graphically higher (Mackinlay, Hanrahan & Stolte 
2007). Figure 6 illustrates the Show Me Alternatives window containing ranked views.  
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Figure 6: Show Me Alternatives (Mackinlay, Hanrahan & Stolte 2007) 

 
The Tableu features different ways of representing data and, in addition, gives 
recommendations in terms of which to choose. The Tableu recommendations did serve 
as a starting point for which representation to use for each type of data in the 
visualization tool. 
 
2.5.6 Data Voyager 
 
Voyager is a system where the user can upload their data, depending on which variables 
they select the system will generate visual representation of these. The intention of 
Voyager is to support exploration of multivariate and tabular data (Wongsuphasawat et 
al. 2016). Compared to the Tableu system the Voyager does not just provide 
representations according to the variables selected, it also takes the complete dataset 
into consideration and represents other possible combinations. If for example, a dataset 
containing three variables (name, origin and year) is added to the system. Imagine that 
the variables name and origin are selected, what happens now is that the Voyager 
system presents a Scatter plot visualizing the relation between these. It additionally 
presents possible representations, including the third variable (year). For some data, it 
might be of more interest to find out the mean value rather than the median, the 
Voyager will propose solutions like this as well. The Voyager introduces some new 
visualization techniques and representations that were not encountered in previous 
literature. It showed that there can in fact be several meaningful ways to visualize the 
same data, raising the question of whether a single representation should be used for 
each data set.  
 
2.6 Design-Based Research 
 
Wang & Hannafin (2005) “define design-based research as a systematic but flexible 
methodology aimed to improve educational practices through iterative analysis, design, 
development, and implementation, based on collaboration among researchers and 
practitioners in real-world settings, and leading to contextually-sensitive design 
principles and theories.” 
 
Design-Based Research (DBR) is about developing artefacts that can help people fulfil 
their need, overcome their problems and grasp new opportunities (Johannesson & 
Perjons, 2012). Johannesson and Perjons (2012) also argues that DBR is not just about 
creating novel artefacts but also about gaining knowledge about them, their use and 
their environments. Studies of the design can be done by using both quantitative and 
qualitative methods.  
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Wang and Hannafin (2005) defines five characteristics of DBR research: 
• Pragmatic: The research should refine both theory and practice. 
• Grounded: The research should be theory driven and grounded in relevant 

research theory and practice as well as conducted in real world settings. 
• Interactive, iterative and flexible which means that designers should work with 

participants, the processes are iterative cycles of analysis, design and 
implementation. 

• Integrative, mixed research methods are used to maximize the credibility and 
methods may vary during different phases and needs. 

• Contextual which means that the research results need to be connected both to 
the design process through which results are generated and the setting where 
research is conducted. 

 
Collins, Joseph and Bielaczyc (2009) finally argues that participants are supposed to be 
treated as co-participants in both the design and analysis, instead of subjects assigned to 
treatment. 
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3 Method 
 
This work has been inspired by Design-Based Research (DBR) since it has been shown 
to be a suitable methodology for both design and research of technology-enhanced 
learning environments (Wang & Hannafin, 2005). This choice is further strengthened by 
the statement that “Design-based research is an important methodology for 
understanding how, when and why educational innovations work in practice” 
(Collective 2003). 
 
As mentioned previously an important part of DBR is the context and setting. Although 
the development and evaluation of the tool was not carried out in its intended setting 
directly, it did however involve teachers, teachers which in turn have knowledge and 
experience of the intended context and setting. Since teachers have the knowledge about 
factor and dynamics that are involved in education they are able to evaluate the tool 
itself accordingly. 
 
Figure 7 illustrates the process of work conducted for this thesis, based on the five main 
activities of design science which according to Johannesson and Perjons (2012) are 
problem investigation, requirements definition, artefact development, artefact 
demonstration and evaluation. The activities were, in addition, inspired by the 
characteristics and guidelines mentioned in the previous DBR section, especially in 
terms of being grounded, interactive, iterative and flexible. A literature survey and a 
questionnaire was for example carried out to make the work grounded in relevant 
research theory and practice. The participants were also treated as co-participants 
(interactive) in the development of the tool, and for each iteration they had the 
opportunity to affect and give input to the development as it progressed. 

 
 

Figure 7: Process  
 
To answer the research questions both quantitative and qualitative data gathering tools 
and resources were used. Workshops were conducted with the intended target group 
(teachers) as well as with an expert which has experience as an elementary school 
teacher and teaching ICT to teachers. Each workshop was followed by some form of 
data gathering such as semi-structured interviews, group discussions or questionnaires. 
Observation was used to catch basic usability issues.  
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3.1 Requirements & Problem Definition 
 
Since the visualization tool was a part of the mLearn4web framework, the requirements 
were gathered from multiple sessions with the project owner who is leading the 
mLearn4web research project. Requirements were inspired by but not limited to 
previous mLearn4web research. The requirements specification in turn highlighted a set 
non-trivial problems, such as visualization of data, which in turn served as a foundation 
for this work. 
 
3.2 Literature Survey 
 
Parts of the literature survey were done using the snowball method. The snowball 
method means that you start the search with a key document, this document contains 
citations or references to other sources in the same subject (Erasmus 2017). Since the 
work is based on mLearn4web, previous mLearn4web project publications were crucial. 
Key documents of this survey included but were not limited to the mLearn4web 
research papers (Zbick et al. 2015), (Zbick et al. 2014) and (Zbick, Jansen & Milrad 
2014). 
 
The other part of the literature survey was conducted using keyword-based literature 
search, with the help of Google Scholar, OneSearch and the Educational Resource 
Information Center (ERIC) databases. This search was carried out by gradually adding 
keywords until the results were narrowed down to a manageable number of papers. The 
keywords used in various combinations included: “Technology enhanced learning”, 
“Learning environment”, “Education”, “Data visualization”, “Teaching”, 
“Graph(s)”, “Choosing graph(s)”, “School”, “Visualization tool”, “Design-based 
Research” “common graph(s)” &” Principles”. 
 
3.3 Preliminary Survey 
 
The preliminary survey was performed before starting the development of the 
visualization tool. The survey consisted of two parts, a survey of the scenarios already 
created with the mLearn4web authoring tool and an online questionnaire about different 
ways of representing data from mLearn4web scenarios. 
 
3.3.1 Existing Scenarios 
 
The authoring tool is generic in the sense that it allows a set of predefined components 
to be combined freely into screens, which in turn make up complete learning scenarios. 
It is recommended to limit the number of components for each screen. When visualizing 
the results, we assume that the results from components grouped in the same screen can 
have some form of relation. The authoring tool has been used by teachers in earlier 
workshops, resulting in a set of saved scenarios. A total of 32 scenarios did in turn 
contain screens with multiple components. These scenarios were analyzed to gain 
insight into how teachers design learning scenarios and more specifically, how they 
combine components. 
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3.3.2 Questionnaire 
 
A questionnaire was designed to better understand what teachers thought about different 
ways of representing the data. The choice of representations in the questionnaire was 
inspired by, but not limited to those uncovered during the literature survey, in addition 
to those considered widely used and understood by many. The questionnaire presented 
different representations to the teachers with the goal of seeing if they thought they were 
appropriate in a learning context. At least one representation for each dataset was 
presented. The complete questionnaire is presented in Appendix A. 
 
A short introduction of the mLearn4web framework was presented in the beginning of 
the questionnaire to put the visual representations into context. A mock scenario was 
introduced to make it clearer to the teacher in what way the representation was supposed 
to be used. The teachers were asked to pretend that they had designed the mock 
scenario, which was filled with tasks for a fieldtrip to a museum. The visualizations that 
were evaluated were representing mocked results, and each one was explained in detail.  
 
The teachers were given the opportunity to rate each visualization. Each visualization 
was rated according to the Likert scale from 1 to 5 based on how appropriate they 
thought the representation was for evaluation of results and usage together with students 
for reflection. 
 
3.4 Artefact Development 
 
The artefact, in this case the visualization tool, was developed using an iterative design 
process, figure 8 illustrates this process. The target group, in this case the teachers, were 
involved in each iteration. They were through workshops given the opportunity to test 
the artefact, evaluate it, give feedback and share ideas. The input from the workshops 
was taken into consideration in each step of the development of the tool and its visual 
representations. Altogether three workshops were carried out, starting with a workshop 
with an expert and ending with, two workshops where the participants consisted of 
teachers. 

 
Figure 8: Process of visualization tool development 
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3.5 Workshops 
 
The workshops were used to gain an understanding of teachers’ opinions and the 
underlying reasons for them regarding the visualization tool and visual representations. 
 
3.5.1 Workshop 1 Expert 
 
The participant of this workshop was an employed lecturer at the Media Technology 
department at the Linnaeus University. The expert had experience working as an 
elementary school teacher in math, physics, technology and chemistry. She also teaches 
information and communication technology (ICT) to teachers and has been for several 
years. The aim of this workshop was to get further input about the representations 
implemented in the tool and to identify basic usability issues. The visualization tool 
would not, however, make sense if separated from the rest of the framework. Each part 
of the framework was therefore presented, starting with the authoring tool, followed by 
the mobile application and finally the visualization tool.  
 
A scenario was created alongside the participant, creating a learning scenario using all 
available components grouped in different screens. Figure 9 shows an overview of the 
tool and Table 4 summarizes the scenario created. The scenario was, once saved, then 
available in the mobile application. The scenario was executed on a mobile device to 
show how the scenario will look once deployed. 
 

 
Figure 9: Overview of the visualization tool 
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Screen Dataset 1 Dataset 2 Dataset 3 Combination 
Screen 1 Image Location Date Map, 

Media Timeline 
Screen 2 Location Text   
Screen 3 Choice Sound   
Screen 4 Number Video   

Table 4: Mock scenario 
 
The visualization tool was at this stage of development not integrated with the rest of 
the framework. It would not make any sense to show and explore the visualization tool 
without any data. The visualization tool was therefore filled with mock data similar to 
what could be expected output of the scenario created.  
 
An overview of the interface and functionalities of the visualization tool was presented 
to the expert. The expert was then asked to explore each representation of data in the 
tool. During these activities, the participant was asked to “think out loud”. The expert 
was observed while interacting with the tool, looking for usability errors. The expert 
was informed that it was the tool that was being under evaluation and not the expert. For 
each representation, the participant was asked the following questions: 
 

• What can you read from the visualization? 
• Do you think the representation of the data is appropriate? 
• Can you think of a better way of representing the data? 
• Is there any information you miss in the visualization? 
• Is the visualization easy to read? 

 
A semi-structured interview with the following list of questions was then performed 
once the tool and representations had been explored: 
 

• Were there any combinations of data that you missed in the Scenario? 
• Were there any visualizations that you think were inappropriate for presentation 

to teachers? 
• Were there any visualizations that you felt were inappropriate for using along 

with students? 
• How do you feel about presenting the same data in different ways together? 

 
The workshop lasted for about an hour and a half and to be able to go back and make 
sure no information was missed the workshop was recorded using a microphone. The 
participant was informed before starting the recording.  
 
3.5.2 Workshop 2 Teachers 
 
The second workshop included 11 participants, in this case teachers, who study the 
course “ICT and Learning - digital literacy and educational tools” at Linnaeus 
University. The workshop lasted for about two hours and each participant was equipped 
with a computer. 
 
At this stage, the development of the visualization tool had progressed since the first 
workshop and changes had been implemented according to input provided. The tool had 
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however still not been integrated with the rest of the framework, so mock data was used 
in this workshop as well. 
 
The participants were first introduced to mLearn4web framework. Each participant then 
created a predefined scenario using the authoring tool. All participants used their own 
computers. The scenario was about students picking up trash in the schoolyard, table 5 
illustrates the scenario created. When all participants were done creating the scenario, 
the scenario was presented as it would look on a mobile device. This presentation was 
done using the mobile view in the Google Chrome web browser. 
 
Screen Dataset 1 Dataset 2 Combination 
Screen 1 Image Location Map 
Screen 2 Image Text Grid 
Screen 3 Image Date Media timeline 
Screen 4 Number Choice  
Screen 5 Sound Video  

Table 5: Mock scenario 
 
Like in the first workshop, the visualization tool was filled with mock data according to 
the scenario that was created. An overview of the visualization tool’s interface and 
functionalities was given, followed by a review of all available representations. The 
participants were then asked to explore the tool and its representations in groups of 2-3. 
During this part, the participants could ask questions and give feedback. When the 
participants were done, a discussion was initiated using the following questions: 
 

• Were there any representations you felt were inappropriate? 
• Were there any representations you felt were hard to understand? 
• Were there any representations you consider not to be appropriate using along 

with your students?  
• Do you have any other suggestions for representation to replace the ones 

chosen? 
• Were there any combinations of datasets you felt like were missing? 
• What is your opinion about using multiple representation of the same data? 
• Do you feel that usage of this tool could lead to deeper understanding and 

insight of the results? 
• Do you feel like you could be using this tool together with students to reflect and 

gain insight about their results together in class? 
• Can you come up with a use case where for example, text + numeric, numeric + 

numeric etc. is meaningful? 
 
 
3.5.3 Workshop 3 Teachers 
 
The third workshop included 8 participants, in this case preschool, elementary school 
and ICT teachers, who study the course “ICT and learning - digital skills and 
educational tools, deepening” at the Linnaeus University. The workshop took place 
online using Adobe Connect. The complete session lasted for about two hours and was 
recorded to make it possible to review afterwards. 
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Initially an overview of the complete mLearn4web framework and its underlying 
research was presented by the product owner. This was followed by a “hands on” 
session. The visualization tool had at this point been fully integrated with the rest of the 
framework, and as a result of this, teachers could experience the whole process of 
creating a scenario, submit results using a mobile device (or computer) and see these 
results visualized in the visualization tool for the first time. 
 
The authoring tool was introduced to the participants by presenting the interface while 
creating a learning scenario. When the scenario was done, the participants were asked to 
carry out the scenario on their respective mobile device. Since the visualization tool was 
integrated with the rest of the framework, the submitted data was only available to the 
user who created the scenario, which in this case was the workshop leader. To be able to 
show the teachers the data in the visualization tool the screen was shared to all 
participants. The participants were then introduced to, but not yet asked to answer, a 
questionnaire about the visualization tool and representations (similar questions asked 
in workshop 2). This gave them some ideas of what to think about when their submitted 
data was represented in the visualization tool. They were also asked to take notes and/or 
interrupt if they had questions or ideas during the review of the tool and its 
representations. The review was followed by giving the participants time to develop 
their own learning scenarios in the authoring tool. To wrap up the workshop questions 
about the complete framework were asked to trigger discussion, general feedback and 
ideas for improvements. After the discussion, they were asked to answer the 
questionnaire including the following questions: 
  

• Were the any visualizations in the tool you felt were inappropriate? If yes, 
which? 

• Were there any visualizations you thought were hard to understand? If yes, 
which? 

• Were there any visualizations you thought were inappropriate to use with your 
students? If yes, which? 

• Do you know any other way of visualizing the data you feel is more 
appropriate? If yes, which? 

• Were there any other combinations of data you felt was missing? Number + Text 
for example? If yes, which? 

• Do you think by using this tool and visualizations, insights and deeper 
understanding can be gained?  
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4 Results & Analysis 
 
This section presents the results, including established requirements, the findings from 
the preliminary survey and feedback from the workshops. 
 
4.1 Requirements 
 
The sessions with the product owner resulted in the following requirements.  
 
The visualization tool should: 

• Present an overview of the results. 
• Show a representation of all different types of datasets. 
• Show representations after data was submitted. 
• Show combinations of different datasets (that make sense). 
• Show groups of results as well as individual. 
• Provide functionality for filtering results. 
• Be web-based. 
• Be easy to use. 
• Fit with the rest of the framework. 

 
4.2 Results preliminary survey 
 
This section summarizes the results from the review of the existing scenarios as well as 
the results from the questionnaire. 
 
4.2.1 Existing Scenarios 
 
By reviewing the 32 existing scenarios two common patterns were identified: 
 

• Students were asked to perform a task, add media (take a picture, record a video, 
or record sound) to document it and then either describe it or answer a question 
about it mostly including text answers. This combination was identified in 14 of 
the 32 scenarios. 

• Students were asked to add media (take a picture, record a video, or record 
sound) of something and then add the location of where it was. This 
combination was identified in 18 of the 32 scenarios. 

 
Existing scenarios did, however, combine all kinds of components. These then served as 
a basis for evaluation to determine if their combination made sense from a visualization 
standpoint.  
 
4.2.2 Questionnaire 
 
The first four questions (figure 10 – 14) in the questionnaire (Appendix A) related to the 
participants themselves and their background. The fifth question asked if they thought 
that results presented for each individual or over groups were of most interest. The rest 
of the questionnaire then focused on representations. 
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 Figure 10: Gender  Figure 11: Occupation  
 

 
 Figure 12: Age  Figure 13: Experience 
 

 
Figure 14: Which results teachers considered most interesting 
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Each representation in the questionnaire was as mentioned before rated according to a 
Likert scale of 1-5. Table 6 and figure 15 illustrates the results. 
 

Nr Data Visualization Mean Value Standard 
Deviation 

Answers 

1 Categorical Bar chart 4 1.095 46 
2 Categorical Stacked Bar chart 2.956 1.316 46 
3 Categorical Pie chart 3.867 1.002 46 
4 Text Text cloud 3.630 1.102 46 
5 Text Bubble cloud 3.652 1.016 46 
6 Date Timeline 3.111 1.265 45 
7 Date Scatterplot 3.133 1.289 45 
8 Numerical Bar chart 3.370 1.061 46 
9 Numerical  Histogram 3.222 1.042 45 
10 Numerical Boxplot 1.822 0.936 45 
11 Numerical Bar chart side by side Bars 3.760 0.970 46 
12 Numerical Boxplot side by side boxes 1.956 0.965 46 
13 Location Map + markers 4.152 0.918 46 
14 Location + media Map + media markers 4.434 0.750 46 
15 Location Map + mixed markers 4.173 0.973 46 
16 Date + Media Timeline + media 4.266 0.750 45 
17 Media + Text Image + text grid 3.782 1.052 46 

Table 6: Information and ratings questionnaire 
 

 
Figure 15: Mean values and standard deviations Questionnaire 
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Additionally, the last question “is there any visualization you know that would be a 
better option for any of the above?” was asked and the answers were as follows: 
 

1. <no input> 
2. No Jag gillar valda grafer och skulle gärna använda de flesta, men förmodligen 

inte enligt givna exempel. Lycka till med uppsatsen! 
3. Nej, det var tydligt och bra! 

 
Translated from Swedish: 
 

1. <no input> 
2. I like the chosen graphs and would like to use most of them, but probably not 

according to given examples. Good luck with the thesis! 
3. No, it was clear and good. 

 
4.3 Analysis Preliminary Survey 
 
This section presents analyzes of the results from the preliminary survey. 
 
4.3.1 Existing Scenarios 
 
The most common combinations of components identified during the preliminary 
survey served as a basis for which combinations that were more likely to make sense. 
They were all evaluated, the more common concepts were however weighted higher. 
Media - location and media - text combinations were identified in 14 resp. 18 of 32 
scenarios, these were also found to possibly make sense to present together. In the end, 
these cases were selected for further evaluation and implementation.  
 
4.3.2 Questionnaire  
 
From the results of initial questions about the participants themselves (45 in total) we 
can see that the majority (87%) were female (see figure 10). The assumption is that this 
has not affected the results. Most of the participants (83%) are active in teaching and the 
participants consisted of people in varied ages and years of experience (see figure 10-
12). We can argue, based on number of participants, the degree of active teachers, 
varying age and years of experience, that the participants do in fact represent the target 
group well. 
 
The participants were asked to rate the visual representations according to a Likert scale 
of 1 - 5 where 1 meant not appropriate and 5 appropriate. The mean value and standard 
deviation was calculated for each representation. Representations with a mean value 
above 3 were argued most likely to be appropriate, which in turn lead to implementation 
in the tool. Many of the representations had a mean value of above 3. Standard 
deviations, however, show that some participants rated them below 3. These were 
implemented in the tool with the hope of gaining insights into why some teachers rated 
them low. 
 
The first representations of the questionnaire were presenting categorical data. Three 
representations were presented, Bar chart, Stacked bar chart and Pie chart (Appendix 
A). The Bar chart and Pie chart were rated above the Stacked bar chart and with a lower 
standard deviation (figure 15). This was expected since these can be considered more 
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commonly used. Basic Bar charts were used in all systems investigated in the literature 
survey. The Stacked bar chart was, however, only used in a few and Pie charts not at all. 
Pie charts are very common in commercial use and people are exposed to them 
regularly in everyday life, which could be a factor in why teachers rated the Pie chart 
high. 
 
A Tag cloud and a Bubble chart were used to represent the occurrences of words from 
text input (Appendix A). Both were rated similarly (~3.6), with a minor difference in 
standard deviation in favor of the Bubble chart. The fact that these were rated high was 
expected, further strengthened by Ilir et al. (2008) which argues that Tag Clouds are 
well-known metaphors, and Bubble charts follow similar principles. Bateman, Gutwin 
and Nacentas (2008) informal experiences suggest that larger differences in the length 
of a word in a Tag cloud could be a deciding factor in tag selections. In an example with 
an Amazon tag cloud, users said that they did not see the word “dvd” because of its 
length (only three characters), whereas a longer word could be experienced as bigger. 
Given the limitations of Tag clouds, the Bubble chart was chosen to be implemented in 
the tool. 
 
Two different examples of representing events over time were presented in the 
questionnaire, a basic timeline and a Scatter plot (Appendix A). These were rated ~3.1 
with a standard deviation of ~1.3 (figure 15). The ratings of these were expected to be 
higher due to the common usage of timelines. One reason for the result being lower than 
expected could be that the representations were quite basic and the participants might 
have wished to see each date on the timeline for each person (see appendix A). The 
lower than expected results of these two did underline the need for another form of 
timeline representation. 
 
A Bar chart, Histogram and Box plot were used to represent numeric data (Appendix 
A). The Bar chart was rated ~3.4 and the Histogram ~3.2 with standard deviations of ~1 
(figure 15). The Box plot was rated ~1.8 with a standard deviation of ~0.9 which gives a 
strong indication that the participants did not see this representation as appropriate. 
Reason for this could be that Box plots are less common and more complex, showing 
values that the participants might not understand. As a result, the Bar chart and 
Histogram were implemented and the Box plot was not. 
 
Representations comparing numerical results from different groups were presented with 
a Bar chart (side by side bars) and a Box plot (side by side boxes) as can be seen in 
Appendix A. The side by side Bar chart was rated ~3.8 with a standard deviation of 1 
while the side by side boxplots got a rating of ~2 and standard deviation of ~1 (figure 
15). The side by side Bar Chart was expected to get a good result due to the fact that it 
was identified in tools from the literature survey. The side by side Bar chart, and in 
extension, the functionality of comparing different groups was not, however, 
implemented in the tool due to time limitations. It should however be considered in 
future investigation and development efforts. 
 
The questionnaire included three different representations of location based data, all 
including markers on maps (Appendix A). These were all rated above 4.1 and standard 
deviations lower than 1 (figure 15). This gives a strong indication that these are in fact 
appropriate for the purpose at hand. The usage of maps is common to many today, 
likely as a result of solutions like Google Maps which are widely used and many are 
familiar with it. The idea of clicking on a marker to show related media can be 
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considered fairly common today. Both tools investigated in the literature review dealing 
with location based data (LETS GO and GeoNotes) are using similar methods, showing 
markers that are possible to click on for more information. Based on the high rating and 
usage in previous tools these methods were implemented in the tool. 
 
Combining media and dates was represented as a timeline with a clickable marker 
(Appendix A). This representation got a rating of 4.3 with a standard deviation of ~0.8 
(figure 15). To see that the participants rates this so much higher than the similar 
timeline, which got 3.1, was a bit unexpected. A factor that could have affected the 
result was that the media and timeline combination was presented as an animated GIF-
image, showing when the marker was clicked. This might have been experienced as 
more intuitive and clearer. 
 
Text and images were presented as a grid with texts just below its image (Appendix A). 
This representation got a rating of 3.8 with a standard deviation of ~1.1 (figure 15). The 
result was as expected since text and imagery are highly common today. 
 
The final question asked the participants if there were any visualization which would be 
a better option to any of previously presented, to which only two replied. One 
participant answered that they liked the chosen graphs and would like to use most of 
them, but probably not in given examples. What this participant meant by examples is 
however unclear. The other answered and just agreed that the representations were clear 
and good. 
 
4.4 Workshop 1 Expert 
 
This section presents the results and analysis of the results from the first workshop with 
the expert. 
 
4.4.1 Results Workshop 1  
 
4.4.1.1 Input from questions and observation during the review of the tool and its 
representations by the expert. The answers are a summary of all representations. 
 
Q: What can you read from the visualization? 
 
A: The expert could read the visualizations and showed understanding of the 
representations by explaining the values for each visualization. 
 
Q: Do you think the representation of the data is appropriate? 
 
A: The expert found all representations appropriate. 
 
Q: Can you think of a better way of representing the data? 
 
A: At this stage of development categorical results from multiple choice components 
were presented using only a Bar chart. The expert thought this was a suitable 
representation but wished to see the same data presented in a Pie chart as well. The 
expert argued that a Pie chart could make it easier to see values relative to the whole, 
compared to the Bar chart. She added that Pie charts in addition can be read and 
understood by younger students. 
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At this stage, the raw data for individual results were primarily represented in grids. 
Tables were presented as an alternative to grids and the expert thought the tables were 
in fact a better option. 
 
Q: Is there any information you miss in the visualization? 
 
A: The expert could not think of any information that was missing in any of the 
visualizations. 
 
Q: Is the visualization easy to read? 
 
A:  The expert wished to have grid lines in the background for each timestamp in the 
Scatterplot. This was argued to make it easier to locate the timestamp for each 
individual. To make it easier to find a specific student’s location on the map, it was 
suggested to indicate which marker belonged to which student on the map. Clicking on 
a student’s name in the grid could open the information window containing the name of 
the student. The expert also noticed that if two dates were the same in the dot timeline 
the dots were placed directly on top of each other, making it hard to separate them. 
 
4.4.1.2 Answers from interview  
 
Q: Were there any combinations of data that you missed in the Scenario? 
 
A: No. 
 
Q: Were there any visualizations that you think were inappropriate for presentation to 
teachers? 
 
A: No. 
 
Q: Were there any visualizations that you felt were inappropriate for using along with 
students? 
 
A: No. 
 
Q: How do you feel about presenting the same data, represented in different ways, 
together? 
 
A: The expert considered showing the same data with different representations a good 
idea for educational purposes, stating that it can show students that there are indeed 
different ways to represent the same data. However, the expert thought it would be a 
good idea to avoid showing different representations at the same time, to avoid 
confusing the user. 
 
Q: Any other ideas or input? 
 
A: The expert highlighted the importance of being able to hide and protect individual 
results, in particular when sharing the results with the class. The expert also thought that 
hiding individual results could lead to less confusion by not having too many elements 
shown at once. 
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Observation: The expert was able to navigate the interface with relative ease and 
without any errors.  
 
4.4.2 Analysis Workshop 1 
 
That the expert understood each visualization was expected, seeing as she has a 
background in both teaching and media technology. That the expert felt that each 
representation was appropriate further strengthened the choice of representations. 
Suggestions of improvements of the representations were considered and the following 
improvements were made. Figure 16 is a screenshot of how the Scatterplot looked like 
at the time of the workshop and figure 17 shows the improvements implemented for the 
next workshop. Lines were added in the background and hovering over a dot in the plot 
shows detailed information of the timestamp as well. 

  
 Figure 16: Scatter Plot              Figure 17: Improved Scatter plot 
 
The problem identified in the dot timeline, regarding dots placed directly on top of each 
other was solved by stacking dots on top of each other, see figure 18 and 19. 

 
               Figure 18: Dot timeline             Figure 19: Dot timeline stacked dots 
 
That the expert made a wish for showing the categorical results with a Pie chart as well 
made sense from her reasoning, and it was consequently added. She also argued for not 
showing them at the same time to avoid confusion which was considered as a good idea. 
Figure 20 and 21 illustrate the implemented solution, using tabs to show them 
separately.  
 

 
  Figure 20: Bar chart tab      Figure 21: Pie chart tab 
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To identify individual results on the map more easily it was suggested to add the 
functionality of being able to highlight it by clicking on individual results in the grid 
(illustrated in figure 22). 
 

 
Figure 22: Clickable grid shows location on map 

 
The importance of being able to hide each student’s result also made sense, since the 
idea is that the tool should be used alongside students, and some information might be 
personal. All visualizations included two types of visual representations, a single form 
of graphical representation together with raw data in a table or grid (see fig 23). A 
checkbox was added to hide the raw data, making it possible to hide individual results. 
The expert considered tables over grids and most individuals were changed to tables. 
 

 
Figure 23: Bar chart visualization with possibility of hiding raw data table 

 
4.5 Workshop 2 
 
This section presents the results and analysis of the results from the second workshop. 
 
4.5.1 Results Workshop 2 
 
This section presents the results from the second workshop. 
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4.5.1.1 Information about the participants 
  
A questionnaire (Appendix B) was prepared with questions regarding the participants 
themselves, their experience and subjects of teaching. This questionnaire was originally 
intended to be handed out and answered during the workshop. It was by mistake, 
however, left out, and as a result sent afterwards. Only 4 answers were received. The 
results (Appendix C), however, show that the participants represent all classes (1-9) in 
the Swedish elementary school, as well as 14 out of the 17 subjects taught in the 
Swedish elementary school, with the exceptions of Music, Home Economics and 
Handicraft. 
 
4.5.1.2 Input given while participants were using and exploring the tool and the 
representations: 
 
The importance of being able to hide each individual result was pointed out once again 
and participants noted that it was not possible to hide each student’s result in the Bar 
chart. Two participants, working as math teachers, teaching grade 6-9, wished to have 
additional data in the Bar chart for numeric values. Adding the total, mean and median 
value in a clear way. A participant asked if it would be possible to filter out students by 
gender in the future. During this session, no teacher asked for help navigating in the 
visualization tool or wanting any help reading the visualizations.  
 
4.5.1.3 Input from questions during discussion: 
 
Q: Were there any representations you felt were inappropriate? 
  
A: The participants agreed that the representations were appropriate.  
  
Q: Were there any representations you felt were hard to understand? 
  
A: The participants agreed that the representations were easy to understand.  
  
Q: Were there any representations you consider not to be appropriate using along with 
your students? 
  
A: The participants agreed that the representations were appropriate for usage along 
with students. 
  
Q: Do you have any other suggestions for representation to replace the ones chosen? 
  
A: No suggestions were brought up.  
  
Q: Were there any combinations of datasets you felt like were missing? 
  
A: No combinations were brought up.  
  
Q: What is your opinion about using multiple representation of the same data? 
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A: The participants agreed that using multiple representations for the same data was a 
good idea. They thought it was a good idea for educational purposes and that some 
students might find one representation easier to understand than another. 
  
Q: Do you feel that usage of this tool could lead to deeper understanding and insight of 
the results? 
  
A: Yes.  
A: Multiple participants expressed their eager to start using the tool, asking when it will 
be ready for usage with their students. 
  
Q: Do you feel like you could be using this tool together with students to reflect and 
gain insight about their results together in class? 
  
A: Yes. 
A: I feel like I could use this tool with younger students as well. 
  
Q: Can you come up with a use case where for example, text + numeric, numeric + 
numeric etc. is meaningful? 
  
A: No cases were brought up.  
 
4.5.2 Analysis Workshop 2 
 
Input from this workshop indicates that the changes made from the previous workshop 
were accepted since no one mentioned having troubles reading the visualizations. When 
teachers answered in ways that did not contradict the decisions made for the tool and its 
representations the matter was not pushed any further.  
 
When asked, the participants did not mention that they wished for any combinations of 
data from the scenario to presented together. During the discussion teachers were asked 
to think freely of combinations that were not shown in the tool that could be meaningful 
to be presented together, this followed by silence and no combination was mentioned. 
This is interpreted as no obvious combinations were missed, however to gain more 
information about this it would have been a good idea to present some examples to get 
the thought process going which could possibly have resulted in more ideas. 
 
The response on having multiple representations was unanimously agreed upon being a 
good idea. Added was the factor that some students might find different representations 
easier to read than others. 
 
When having a discussion in groups one must consider the circumstances, in this case it 
was a larger group (11 teachers). Questions like if they understood the visualizations 
might have been answered differently if in a different setting. For most part the teachers 
did not know each other. They might have felt embarrassed to speak out about not 
understanding some representations in the company of other teachers. However, it was 
made clear that it was not the participants that was being evaluated. That participants 
expressed a positive attitude towards wanting to use the tool, this strengthens that the 
research is relevant.  
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The fact that the importance of hiding student results was pointed out once again shows 
that this is likely an important feature. Since it was noted that the feature of hiding 
individuals in the Bar chart, a checkbox was added making this possible (depicted in 
figure 24 and 25). Values such as total, median and mean values were finally added as a 
result from the request from math teachers (depicted in figure 24). 
 
 

 
            Figure 24: Improved Bar Chart                 Figure 25: Bar Chart hidden names 
 
4.6 Workshop 3 
 
This section presents the results and analysis of the results from the third and last 
workshop. 
 
4.6.1 Results Workshop 3 
 
This section presents the results from the third workshop. 
 
4.6.1.1 From the time given for feedback the following was presented: 
 
The response regarding the complete framework was positive and the teachers were 
excited to use the framework. During the usage of the mobile application a participant 
asked the question “where can I find the picture I submitted”. 
 
4.6.1.2 Answers questionnaire (8 participants) 
 
Question Yes No 
1. Were the any visualizations in the tool you felt were inappropriate? 
If yes, which? 

0% 100% 

2. Were there any visualizations you thought were hard to 
understand? If yes, which? 

0% 100% 

3. Were there any visualizations you thought were inappropriate to 
use with your students? If yes, which? 

0% 100% 

4. Do you know any other way of visualizing the data you feel is 
more appropriate? If yes, which? 

12.5% 87.5% 

5. Were there any other combination of data you felt was missing? 
Number + Text for example? If yes, which? 

0% 100% 

6. Do you think by using this tool and visualizations, insights and 
deeper understanding can be gained? 

100% 0% 

Table 7: Answers questionnaire 
 
Additional answer question 4: 
- Zoom function that makes it easier to present data. 
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4.6.2 Analysis Workshop 3 
 
Participants asking about where to find the data they submitted from the mobile 
application further indicates that the visualization tool is desired. 
 
The answers from the questionnaire verifies the input from the opinions from previous 
workshops. Where no representations were mentioned to be considered inappropriate or 
hard to understand, the participants also felt like by using the tool and its visualizations, 
this could lead to deeper understanding and gaining of insights. The response to the 
question regarding visualizing data in other ways: “Zoom function that makes it easier 
to present data”, is not answering the question in a clear way. Although it could be 
interpreted as the participant either wanted to be able to zoom in on each representation 
or just wished them to be bigger.  
 
One can think about the effects of conducting the workshop online. Even though the 
participants were encouraged to activate their microphone during the workshop this was 
unusual. This could have been a reason for the rather thin feedback during the session. 



  
 

32 

5 Implementation of Visualization tool 
 
This section presents the final version of the visualization tool developed. Section 5.1 
and 5.2 presents the tool itself and section 5.3 present all visual representations 
implemented. 
 
5.1 Technical implementation 
 
The visualization tool was developed using HTML, CSS and JavaScript since the 
complete framework is supposed to be web based. The reason for choosing of a web 
based approach for the mLearn4web framework was to avoid forcing users to download 
and install any application, which in turn leads to easy accessibility (Zbick et al. 2015).  
 
The tool was developed using the front-end framework Angular and, in addition, 
Angular Material and its components. The D3.js library was used to create the plots. 
Maps were created using the angular component “angular2-google-maps” which in turn 
is using the Google Maps API. The mLearn4web RESTful API was used for 
communication between the visualization tool and the database. Figure 26 illustrate the 
complete architecture of the mLearn4web framework, the visualization tool is marked in 
red.  

 
Figure 26: Architecture of the mLearn4web framework (Zbick 2017) 
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5.2 Overview 
 
Different alternatives for filtering results from the scenarios are available in the left 
panel, see figure 27, which depict the visualization tool interface. The sliders in the left 
panel allow users to filter results based on date and time. Every time a scenario has been 
updated in the authoring tool the results from that scenario gets a new version number. 
These can be selected from a “dropdown” list underneath the sliders. By checking and 
unchecking the checkboxes beside the names, results are filtered as well. 
 
For each scenario, a general information pane is created, presenting the date or time of 
when results were submitted. A pane is created for each screen of the scenario. Each 
pane contains representations of the results generated from its corresponding screen. 
The general information pane and the screen-panes can be minimized and expanded, as 
shown in figure 28. 
 

 
Figure 27: Overview Visualization tool  

 
Figure 28 shows an expanded screen named “Orangutanger” containing two different 
data types, in this case numerical and multiple choice results. The different results of a 
screen are presented in the toolbar in the top right corner of each screen-pane. Selecting 
one will represent its corresponding data accordingly. 
 
When generating a screen-pane the content is always reviewed, checking if there are 
any data type combinations which have been identified to make sense. A visualization 
combining these will then automatically be generated if this is the case. These 
visualizations will be shown when the “Combo” button is chosen in the toolbar. For 
some results, the data can be presented through multiple representations. In figure 28 
the user has chosen to explore the numeric result and can then choose between a Bar 
chart and a Histogram (marked in pink). 
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Most of the representations are described in a text beneath the visualization, see figure 
28. The raw data from each respondent is always presented in a table or a grid, 
regardless of selected representation. The table or grid visibility can to toggled. This 
decision was based on input from the workshops, since the importance of being able to 
hide each student’s result in class was pointed out. 
 

 
Figure 28: Expanded and minimized panes. 

 
5.3 Visual Representations 
This section presents and explains all representations implemented in the visualization 
tool.  
 
Bar charts and Histograms is used (depicted in figure 29 and 30) to present the results 
from the numeric component. In the Bar chart, each value is represented by a rectangle, 
the height of each rectangle is proportional to the represented value. The total, median 
and mean value is displayed in text to the right. The mean value is also represented by a 
red line in the graph. In the Histogram, however, the numeric values are grouped into 
bins, showing the distribution of the numeric data. Each bin is represented by a 
rectangle and the height of each rectangle is proportional to how often a value fell into 
that range.  

  
Figure 29: Bar chart with value on y-axis and user on x-axis. 
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Figure 30: Histogram with value on y-axis and bins on x-axis. 

 
The results from multiple choice components are represented by Pie charts and 
horizontal Bar charts (figure 31 and 32). The horizontal Bar chart present each result 
along the Y-axis and the number of instances of each result along the X-axis. The 
Horizontal Bar chart present the result in percentage and clearly depict the relative 
distribution of results. In the Pie chart the arc length of each slice is proportional to the 
percentage value it represents.  

  
      Figure 31: Pie chart    Figure 32: Horizontal Bar chart 
 
The Bubble representation was selected (see figure 33) to represent occurrences of 
words in data from the text components. The size of each Bubble is relative to the 
number of occurrences of each word. 

  
Figure 33: Bubble chart: hovering over a Bubble will show a box with the word and the 

number of occurrences, as illustrated for “Kattdjur” 
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The results from date components are represented by dots along a timeline, as depicted 
in figure 34. Multiple instances of a date are stacked on top of each other.  
 

 
Figure 34: Dot timeline: hovering over a dot shows detailed information 

 
Timestamps of when students submit their results are saved. These timestamps are 
represented in Scatter plots (see figure 35). Each dot in the Scatter plot is placed at the 
intersection of the student (Y-axis) and the time they submitted their results (X-axis).

 
Figure 35: Scatter plot: hovering over a dot shows detailed information 

 
The positions generated from the location components are represented by markers on 
maps (figure 36 and 37). Clicking on a marker or an individual result in the grid (figure 
38) shows the student’s name in an information window connected to the marker. 
 

     
   Figure 36: Markers on map - location         Figure 37: Information window - location  
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Figure 38: Each individual student and their Latitude and Longitude presented in a 

grid. 
 
Three different types of media are handled by the tool, including pictures, videos and 
sounds. These are presented in a grid, each one however has its own thumbnail and 
means by which they can be interacted with. The sounds look like the html5 audio 
player (figure 39), video is represented by a static frame of that video (figure 40) and 
the picture is its own thumbnail (figure 41). 

                             
      Figure 39: Sound                          Figure 40: Video  Figure 41: Picture 
 
Clicking on a thumbnail opens the corresponding media in a larger pop up window, 
where for example a video can be played (figure 42). 
 

 
Figure 42: Video in pop-up window 
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Media combined with the text input is presented in a grid as shown in figure 43, where 
pictures are presented together with the text. The same principle goes for sounds and 
videos, but with different thumbnails. 

 
Figure 43: Picture and text grid, same principle for sound and video 

 
The combination of pictures and a date input is grouped together in a Media timeline, 
illustrated in figure 44. Each input is represented as a blue line with a dot, clicking on a 
dot show the picture. The red line represents today’s date or the time at which the 
visualization tool is used. The same principle goes for sound and video. The concept of 
adding text with the media was presented and discussed in the workshops, but has so far 
not been implemented.

 
Figure 44: Media Timeline, clicking on a dot opens the media like the picture above, 

same principle goes for video and sound. 
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Presenting media/text with locations is done using a map, markers and information 
windows containing content (figure 45). By default, the map only contains markers. 
There are currently four types of markers, depending on which media or input it 
represent, as depicted in figure 46. Clicking on a marker shows the combined input in 
an information window. The concept of adding text in the information window was 
presented and discussed in the workshops, but has so far not been implemented. 
 

 
Figure 45: Map with Media Markers – clicking a marker opens an information window 

containing media or text. 
 

 
Figure 46: Different markers 
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6 Conclusion & Future Work 
 
This section consists of answers to research questions and ideas of future work.  
 
6.1 Answering the Research Questions 
 
Q: What are appropriate ways of presenting data collected from mLearn4web learning 
activities in an educational setting? 
 
A: Feedback from participants during workshops indicates that the representations 
presented later in this chapter were considered appropriate for use by teachers with 
students in an educational setting. In addition, the expert believed that providing 
students with different representations of the same type of data was good for 
educational purposes, further strengthened by feedback during consequent workshops. 
 
Q: Which representations are appropriate for a certain dataset generated during the 
mLearn4web process?  
 
A: Evaluation of the visualization tool, and the selected set of representations, indicate 
that the representations illustrated in figure 47-53 are appropriate. The list of 
representations (detailed in Chapter 5.3) implemented and considered appropriate 
include: 
 
Bar charts and Histograms (figure 47) were considered appropriate to represent numeric 
values generated by the numeric component. The Bar chart represents each value with a 
rectangle, where the height of the rectangle is proportional this its value. The Histogram 
shows the distribution of the numeric data. 
 

 
Figure 47 Numeric data: Vertical Bar chart & Histogram 
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Horizontal Bar charts and Pie Charts (figure 48) were considered appropriate to 
represent results generated by the multiple-choice component. The Horizontal Bar chart 
present the result in percentage and clearly depict the relative distribution of results. The 
Pie chart represents the results with slices where the arc length of each slice is 
proportional to the percentage value it represents. 
 

 
Figure 48 Multiple choice (categorical): Pie chart - Bar chart 

 
Bubble charts (figure 49) were considered appropriate to represent results generated by 
the text component, where the size of each Bubble is relative to the number of 
occurrences of each word. 

 
Figure 49 Text: Bubble chart 

 
Dot-timelines (figure 50) were considered appropriate to represent results generated by 
the add date component. Dates were represented by dots along the timeline. 
 

 
Figure 50 Date Data: Dot timeline 
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Scatter plots (figure 51) were considered appropriate to represent timestamps generated 
from when submitting a complete scenario. Each dot in the Scatter plot is placed at the 
intersection of the student (Y-axis) and the time they submitted their results (X-axis). 
 

 
Figure 51 Timestamp: Scatterplot 

 
Positions generated from the add location components were considered appropriate to 
be represented as markers on maps (figure 52). A marker is placed on the map 
according to the position. 

 
Figure 52 Location: Map + markers 

 
Media generated from the different media components (take photo, record video and 
record sound) were considered appropriate to be presented in a grid (figure 53). 
 

 
Figure 53 Media (Video, pictures, sound): Grid 
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Q: Which combination of datasets makes sense to visualize in the context of 
mLearn4web? 
 
A: The review of the existing scenarios identified a set of data combinations which 
arguably make sense to visually represent. These were later implemented and evaluated 
in the tool. Participants in the workshops were asked if they could come up with any 
other combinations that made sense or if anyone were missing, and no one had anything 
to add or remark. The following combinations can be argued to make sense: 
 

• Location + Video, Picture, Sound (VPS) 
• Location + VPS + Text 
• Location + Text 
• Date + VPS + Text 
• Date + VPS 
• Date + Text 
• VPS + Text 

 
Text is in this case a string of characters, which may also include numbers. 
 
Q: Which representations are appropriate for these combinations of dataset 
combinations? 
 
A: Evaluation of the visualization tool and the selected set of representations indicate 
that the following data combinations and representations shown in figure 54 - 56 are 
appropriate. 
 
When combining media/text and locations it was considered appropriate to represent 
this data with markers on maps (figure 54). An information window containing the 
media and/or text opens when clicking on a marker (figure 54). It was only the media 
and location combinations that got implemented in the tool, however the concept of 
adding text in the information window was presented and discussed in the workshops. 
 

 
Figure 54: Location + Video, Picture, Sound (VPS)  
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Regarding combining media/text and date it was considered appropriate to represent this 
data in a Media timeline (figure 55). Where each date was represented by a marker, and 
by clicking the marker the media/text was shown. It was only the picture and date 
combination that got implemented in the tool, however the concept of adding text and 
other media was presented and discussed in the workshops. 
 

 
Figure 55: Date + VPS + Text 

 
When combining media and text it was considered appropriate to represent this data 
with a grid consisting of thumbnails of the media together with relating text (figure 56). 

 
Figure 56: VPS + Text: Grid 

 
6.2 Future Work 
 
The result and conclusions are based on preliminary investigation, a proposed solution, 
implementation and finally a number of evaluations. Evaluations with experienced 
teachers show that the representations proposed and implemented can be appropriate in 
an educational setting. The results of this study are based on teacher’s opinions and 
experiences. To further validate them the tool and its representations need to be tested in 
real-life settings. For example, a teacher could think that they understand a 
representation. However, without verifying that they in fact do, we do not know if that 
really is the case. Further tests, which includes verification of understanding, should 
therefore be considered. A number of combinations of data which made sense to be 
visualized together were identified. This does not, however, necessarily mean that this 
work has highlighted all appropriate combinations of data nor that the representations 
found are optimal. The proposed solutions should therefore be more extensively 
evaluated by teachers and students under normal learning conditions. Identified 
combinations could, in extension, be provided as examples, recommendations or hints 
while teachers design their scenarios using the authoring tool. 
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Continued use of the mLearn4web framework should in addition provide an even larger 
base of scenarios. These scenarios might allow us to identify more combinations of data 
that makes sense from a learning perspective, which in turn then need to be represented. 
Future work should ideally also include students in the evaluation. It could in addition 
be interesting to investigate if and potentially how appropriate combinations of data and 
representations vary with student age and subject of study.  
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