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Abstract—Web interfaces play a very important role in 
teaching-learning processes in virtual environments, since 
this is how students carry out their activity. This paper 
describes a web interface for online learning based on a 
graphic map that orients learners, tries to reduce cognitive 
overload, gives access to learning resources and personalizes 
learning. The interface was designed to guide the learning 
process in accordance with Shapiro’s “site map principle”. 
The objective of this article is to analyze the impact of such 
web interface on students' satisfaction with the learning 
process and on their academic performance. We conducted 
experimental research.  The experiment tested the goodness 
of the interface among students enrolled in a Multimedia 
Degree in an open university. We used the T-Test, the Chi-
square Test and the Kendall correlation Test. The results 
showed that the interface had a positive impact on students’ 
satisfaction and performance. It also encouraged students to 
take a more proactive role in their learning activity than 
with the “normal” interface. These results are in keeping 
with the features the site map principle has shown in face-
to-face environments.  

Index Terms—Site map principle, web interface, graphic 
map, online learning, higher education. 

 INTRODUCTION I.
Web-based learning environments have become very 

popular and the use of graphic representations in the de-
sign of learning resources evidences their high potential 
[1][2]. Graphic representations offer a rich cluster of re-
sources with great potential to support learning activities 
and at the same time provide a guide to the student learn-
ing process. Opportunities for authentic discovery learning 
are just one example of the many ways in which visualiza-
tions and graphic representations can provide a full and 
enhanced learning experience [1] [3][4].   

The Word Wide Web is becoming more visual. On one 
hand, data visualization [1] is promoting website interfac-
es that display huge amounts of complex information in a 
simple and intuitive way. And this is done, in part, 
through interactive graphic representations. However, it 
looks like Virtual Learning Environments (VLEs) are still 
behind in the application of the interactive graphic repre-
sentations. 

On the other hand, the cognitive theory of multimedia 
learning [5] has advanced in the study of how we learn 
from multimedia resources, from text to sounds and 
graphics. We also learn from activities and tasks. In other 
words, we learn from doing things which build upon our 

previous knowledge and are related with learning objec-
tives (LOs).  As learners, we respond to rich media learn-
ing resources offering an integrated learning experience.   

Research started by applying multimedia learning de-
sign principles to e-learning [6]. However, further re-
search is needed in order to develop the idea of Multime-
dia Learning Management Systems (MLMS) [7]. This 
paper tries to fill that gap by studying the effect of a visual 
interface which design is based on one specific multime-
dia principle: the site map principle [8].  

Thus, the aim of this study is to explore the usefulness 
and goodness of an interface designed using graphic rep-
resentations and applying the site map principle. The in-
terface goal is to guide the learning process of students.  
We do that by measuring the student’s satisfaction with 
the learning process and her academic performance. The 
study is done in the context of online learning. The results 
offer empirical evidence for guides on how to design 
MLMSs.  

The paper is structured as follows: section II reviews 
the state of the art of visual learning systems and describes 
the contribution proposed in this paper. Learning Man-
agement Systems are presented in Section III. Section IV 
explains the method we have followed in the experiment. 
Finally, the experimental results are summarized in Sec-
tion V and the conclusions and future work are described 
in Section VI. 

 BACKGROUND STUDIES II.
“E-learning and visualization have both experienced 

growth and obtained excellent results as separate fields of 
research, yet few efforts have been made to bring the two 
disciplines into a cooperative setting in order to realize 
their enormous potential” [1]. This research is an attempt 
to explore this potential [9] [10]. 

Teaching strategies have traditionally concentrated on 
memorizing facts and repeating standard procedures rather 
than encouraging students to play an active role. Scholars 
and lecturers have realized the importance of understand-
ing concepts in order to solve problems [11][12][13][14]. 
From this perspective, it is crucial to create multimedia 
resources that promote and enable this type of learning. 
We expect that a learning environment that applies a tool 
to guide the learning process will promote an active atti-
tude in students and will enhance their learning experi-
ence. Moreover, it is possible to scaffold the learning 
process by organizing content and program, taking ac-
count of the fact that the learning process is the structural 
feature [15] [16]. 
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Several Learning Management Systems (LMSs) have 
been developed during the last two decades, such as the 
UOC LMS [17], Blackboard [20], Moodle [21], Sakai 
[22] or, more recently Future Learn [18], EdX [19], Cla-
roline [23], Udacity [24], Wemooc [25], Udemy [26], 
Coursera [27], Collaborize [28], Desire2learn [29], Ex-
ploros [30], Agilix BrainHoney LMS [31], Epsilen Learn-
ing Management System [32], Follett Aspen [33], Instruc-
ture Canvas [34] or Pearson LearningStudio [35]. 

 
Figure 1: UOC’s virtual classroom 

The key teaching and learning elements that can be 
found in these platforms are very similar, although they 
appear under different names or visual formats. They are: 
activities, learning outcomes, evaluation, calendar or 
planner, discussion boards, resources, notes, teaching plan 
or syllabus and learning progress. 

LMSs are becoming increasingly visual. However, they 
are still organized as wireframes and they are not taking 
advantage of the huge potential that data visualization 
offers. A move towards more visual LMSs (or MLMSs) 
could allow the representation of complex information in 
an organized and easy way. This ideal MLMS would 
allow students to develop the educational activities while 
being aware of the relationships among all the elements 
that make up the learning process (learning outcomes, 
activities, etc.). 

With this goal we are going to use and evaluate the map 
site principle. According to Shapiro, the site map principle 
should provide a "bird's eye view of a hypermedia site” 
[8]. This principle, then, becomes very important in VLEs 
for distance learning where the entire learning process has 
to be guided through a web interface. In this context, the 
function of the graphic map will be to orient learners to 
avoid cognitive overload and provide access to the learn-
ing resources. The interface can help learners find re-
sources in an easier way and it prevents their disorienta-
tion in the information space [16]. 

The web interface, then, was designed trying to fulfil 
students’ need for guidance through the learning process. 
First, as already mentioned, this tool would allow us-
ers/students to get a precise idea of the structure and con-
tent of the course at first glance. Second, the interface 
should also give information about the time of study, 
aims, progress and performance. Third, this information 
should appear as an easily interpretable graphic represen-
tation. Finally, the interactivity should provide links to the 

resources and activities.  In her experiments Shapiro em-
ployed an interface design in the learning resources which 
embedded the scaffolding [16].  

“Giving learners a view of the big picture provides a 
perspective on the domain in general and can aid in the 
creation of global cohesion” [36]. One issue we have tried 
to overcome with this study is the fact that research in this 
area has usually been conducted in laboratory experiments 
[8]. We are conducting our research in a natural and real 
setting. Specifically, the research has been conducted in a 
virtual classroom at the UOC, in a higher education de-
gree. Consequently, it can provide more accurate results 
than laboratory-based research. In other words, this re-
search can give a better idea of what happens when this 
principle and this interface are applied in a natural setting 
and in a real learning process.  

Finally, we remark that we had to design an ad hoc in-
terface instead of adapting the UOC virtual classrooms to 
the site map principle because the institution does not 
allow changes to the classroom without evidence support-
ing them. This is one of the reasons for this pilot. 

 LEARNING MANAGEMENT SYSTEM (LMS). THE III.
VISUAL INTERFACE 

This section sets out the characteristics of the learning 
environment interface designed to test the site map princi-
ple in a university. It was designed to perform the follow-
ing functions:  

A. To guide the learning process, allowing users to get 
a better sense of content and structure. The graphic repre-
sentation is designed to work as a guide in the learning 
process. The interface provides students with all the in-
formation on the learning actions to be carried out 
throughout the module. It is a representation of the learn-
ing project, so students will not need any other additional 
module planning or syllabus. All the information related 
to the learning project must be represented in a graphic 
and interactive way. 

Figure 2 illustrates the first view of the interface. It 
shows the set of programmed activities and a description 
of the learning objectives (LOs) to be achieved in each 
task. At the bottom of the screen, there is a calendar with 
the recommended timing for this specific set of tasks, 
which also appears in the calendar timeline as starting date 
and deadline. As a result, students always have access to 
the planning information.  

 
Figure 2: Learning project 
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There are also two buttons that provide more infor-
mation about the tasks: intended LO and evaluation crite-
ria for each task.e If the students click on the LO button, 
for example, detailed information about which LO will be 
worked on will appear at the bottom of each activity (as 
shown in Figure 3). Students can show or hide this infor-
mation by simply clicking on the button. 

B. To show the relationships between resources, con-
tents and other information. Graphic representations are 
excellent for describing the relationships between objects 
and information [37]. This graphic representation will 
show the relationship between data, resources and con-
tents as well as the relationship between each activity and 
the LOs. 

Currently students expect rich navigation experiences 
[38]. Online students frequently expect to navigate 
through maps and to extract underlying information from 
complex visual systems. For example, Google Maps illus-
trate how data can be added to a map, allowing us to ac-
cess complex related information. The learning project 
will therefore be represented as a trip through the course 
activities, situating them as the structural feature. Tradi-
tionally, a linear navigation through contents has been 
used, but we will plan the learning process over a “map” 
through the student’s activity as “route”. The graphic 
representation of the activities will contain the resources 
and content needed to develop them. 

C. To show continuously updated assessment (summa-
tive and formative) information. The interface will display 
data about students’ performance. The shape of the repre-
sentation of the task indicates the type of activity: a circle 
when it is a non-compulsory and formative task and a 
rectangle when it is compulsory and summative task. The 
border of the activities is colour coded to show planning 
and assessment information, as illustrated in Figure 4. The 
lecturer marks the tasks finished on time: they are framed 
in green when the task was assigned a pass mark and in 
red otherwise. When the activity has a grey border it 
means it has not been completed yet. As we can see in 
figure 4, the interface displays information about the rela-
tionship between activities and their timing. 

D. To access the learning resources and content. The 
interface is the means students use to navigate through and 
interact with the contents and learning objects. Navigation 
is easy and intuitive in order to allow students to move to 
any resource in the module. There are levels of representa-
tion (from a general view of the module to a specific view 
of learning objects and assessment tasks) and navigation 
through these different levels is carried out by zooming in 
and out (Figure 5). 

As mentioned above, at first sight students find the full 
structure for the course syllabus. They are able to zoom, 
go inside an activity and observe the learning resources, 
content or practical tasks. The different nature of the re-
sources is represented with icons linked to the resource, so 
students can access the learning objects simply by clicking 
on the icons. The interface is always visible. Navigation 
through the contents is easily. As illustrated in Figure 5, 
when zooming in from the global view, more detailed 
information on the objects appears. 

Through this interface providing access to learning re-
sources, students have got the learning project at hand. If 
they go in greater depth into a task, they visualize all the 
learning objects and learning resources for that activity 

and have access in an easy way to any module resource, 
without losing the relationship with the full structure, the 
LOs and the assessment criteria. The interface, thus, pro-
vides access to any level of description of the module and 
students can navigate through the contents and visualize 
the academic relationship between them.  

As the figures show, the information on timing and the 
buttons with respect to LOs and assessment criteria are 
always visible. Students always have information about 
the timing of the activities and can access the tasks as-
sessment and be aware of the achievement of LOs. All this  

 
Figure 3: Learning objectives 

 
Figure 4: Shape and colour codes 

 
Figure 5: Learning resources and zoom 
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simplifies access to relevant information that in traditional 
VLEs takes several clicks and potentially complex naviga-
tion. With this design students do not need to return to a 
global view or menu page to access assessment, evalua-
tion and LO information, thus ensuring no relevant infor-
mation is lost and, more importantly, ensuring that the 
relationship between these elements is not lost.  

 METHOD IV.

 Aims and hypothesis  A.
The first aim of this study was to evaluate students' 

learning satisfaction through the designed interface and to 
assess whether student satisfaction increases when they 
work on the new learning environment. Thus, and in-
formed by the reviewed research, we formulated the first 
hypothesis: 

H1: The interface has a positive impact on students' sat-
isfaction 

In this study satisfaction is defined as the perception on 
the fulfilment of students’ expectations, needs, and the 
feeling of achievement derived from learning on the inter-
face. In other words, satisfaction is a measure of the stu-
dents’ perceptions while navigating and accessing learn-
ing information through a visual interface.  

The second aim of this study was to identify the effect 
of the interface on students' performance and on promot-
ing an active role towards learning. It was assumed that 
greater student activity improves the learning process and 
helps them retain knowledge [9]. Two further hypotheses 
were therefore formulated: 

H2. The interface has a positive impact on student per-
formance 

H3. The interface has a positive impact on the active 
role of students 
Measurements 

We measured students’ academic performance by com-
paring the grades obtained in the same tasks by the exper-
imental and by the control group (with possible values 
between 0, minimum, and 10, maximum). 

The submitted activities are an indicator of the active 
role. We measured the active role of students by compar-
ing the number of optional activities completed by each 
group.  

 Variables 1)
The dependent variables in our study are student satis-

faction, student’s performance and student’s active role. 
All of them combined would lead to learning improve-
ment and to enhancement of the learning experience.  

The control variable is the use or non-use of the visual 
interface designed. 

Finally, the controlled variables are: 
• Module: All students are enrolled in the same module 

"Producción y edición de video digital" (Digital vid-
eo production and editing) in a Multimedia Degree. 

• Lecturer: The lecturer is the same for both the exper-
imental and control group. 

• Content: The content and topic covered in the educa-
tional resources remains exactly the same for both 
groups. 

• Tasks and activities: The compulsory and non-
compulsory activities are the same for both groups. 

• Assessment criteria: The criteria are the same for the 
experimental and the control group. 

• Schedule: The timing is identical for both groups. 

 General description of the experiment B.
The study aimed to determine whether a visual interface 

for e-learning designed following the site map principle 
[8] and using graphic representations had an effect on 
students’ satisfaction with the learning process and stu-
dents’ academic performance. We used an experimental 
approach for this study.   

The population of the study comprised undergraduate 
students from the Multimedia Studies at the Open Univer-
sity of Catalonia (UOC). A total of 115 students volun-
teered to participate in the study. They were randomly 
assigned to the experimental (54) or control group (61). 
However the choice of the module was based on conven-
ience.  We chose a module with two groups of students 
taught by only one lecturer in order not to introduce bias 
by teacher performance.  

This is an exploratory study. Hence, we advise caution 
in interpreting the results.  

Informed consent was obtained from all participants. 
Privacy, confidentiality, and anonymity were ensured. 
Moreover, there was assurance that taking part in the 
research would not affect their learning process. 

 Procedure C.
The teaching and learning activity of the selected mod-

ule was moved from the UOC LMS to the new interface 
designed to test the site map principle for the experimental 
group. The specific technical and practical features of this 
module should be stressed. The trial took place over three 
teaching weeks and students, both in the experimental and 
the control group, needed to carry out nine tasks: 

TABLE I. 
TYPES OF ACTIVITIES 

Tasks Type 
Reading chapter 1 Compulsory 
Task 1 Optional 
Reading chapter 2 Compulsory 
Task  2 Optional 
Reading chapter 3 Compulsory 
Task 3 Optional 
Reading chapter 4 Compulsory 
Task 4 Optional 
Assignment (second 
compulsory assign-
ment of the course).  

Compulsory 

 
The control group undertook all these tasks through the 

typical UOC LMS online classroom. The experimental 
group undertook them through the on porpoise designed 
visual interface. In order to assure that no other aspects 
could affect the results, identical conditions were main-
tained in both groups: lecturer, resources, optional tasks, 
LOs, compulsory tasks and assignments. Likewise, one of 
the measurement tools for this experiment was the mark 
achieved for the exercise, although account was also taken 
on the number of submitted assignments (compulsory and 
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summative) and optional activities (formative) and they 
were compared with the control group. It should be noted 
that the marks from a previous activity carried out outside 
the interface for both groups were recorded and taken into 
account in order to achieve a measurement reference for 
each group level due to chance (e.g. a bigger number of 
better students in one group by chance). This activity is 
called the first assignment. 

After completing the described teaching period students 
were given a survey to assess their perceptions about the 
effect of the visual interface in their learning experience. 
The survey was administered only to students of the ex-
perimental group because students of the control group 
continued their study in the UOC classroom. 
Survey 

Measurement was carried out through an online ques-
tionnaire using the Netquest tool [39] and distributed to all 
participants, who received an email in their inbox at the 
UOC’s online campus. The questionnaire asked about 
participants’ opinions, attitudes and feelings regarding the 
interface. Given the lack of previous questionnaires and 
measurements the questions included were reviewed and 
validated by five experts in the area. The questionnaire 
was quick and easy to answer in order to maximize the 
number of respondents, which was 44.44 per cent (24 out 
of 54).  

It combined closed and open-format questions. Closed 
questions used Likert scales [40] asking for easiness and 
agreement.  

In order to test H1, four questions regarding interface 
use were asked:  

i) Students’ perceptions of their capacity to assimi-
late and manage information quickly (from very 
easy to very hard);  

ii) Students’ perceptions of their assimilation and 
capacity to manage information easily (from 
very easy to very hard);  

iii) Students’ perceptions of a deeper understanding 
of knowledge by graphically illustrating data in 
effective ways and a greater comprehension by 
showing hidden relationships between infor-
mation (completely agree to completely disa-
gree).  

We also asked about their global satisfaction with the 
experience of learning through the visual interface (rating 
from 0 –not satisfied at all– to 10 –completely satisfied).  

 Analysis  D.
In order to test H1, descriptive statistics and Kendall 

correlation test were used to analyze the satisfaction re-
sults of this study.  

Inferential statistics were used to analyze the academic 
results and participation level of this study. In order to test 
H2, performance comparison between the control and the 
experimental group was carried on, as well as another 
comparison between the academic results of the first and 
second compulsory assignment. T-tests were used for 
comparisons, after checking the normality of the data with 
the Lilliefors test. 

In order to test H3, the same comparison studies were 
made as in H2, measuring the number of presented non-
compulsory activities instead of academic results. Chi-

squared tests are used here since this kind of data does not 
have a continuous distribution.  

Finally, we used the Kendall correlation test to check 
whether there was a correlation between H2 and H3. 

 RESULTS V.

 Global satisfaction and interface impact A.
First, we describe the results regarding the students´ sat-

isfaction about learning through the visual interface. The 
questionnaire was answered by 24 students out of 54 with-
in the experimental group. 

For questions regarding i), students found mainly easy 
or very easy to assimilate and manage information quickly 
with the visual interface (figure 6), with an evaluation of 
3.3±0.3, with 4=very easy, 3=easy, 2=hard and 1=very 
hard.  

 
Figure 6: Survey scores regarding information assimilation 

Concerning ii), students thought it was easy or very 
easy to study with a visual interface (figure 7), with an 
evaluation of 3.2±0.3, with 4=very easy, 3=easy, 2=hard 
and 1=very hard.  

 
Figure 7: Survey scores regarding easiness study 

In feature iii), the respondents experienced a good un-
derstanding of knowledge (figure 8), obtaining 4.1±0.5, 
with 5=completely agree, 4=agree, 3=indifferent, 
2=disagree and 1=completely disagree. 

On a scale from 0 (lowest) to 10 (highest), the answer 
to the specific question about global satisfaction with the 
proposed learning interface was 7.5±0.8. Figure 9 de-
scribes the frequencies for global satisfaction.  

Finally, we used the Kendall correlation test with a con-
fidence level of 95 and we can say that: 

The visual interface has guided often or always the stu-
dents in the learning process when the overall assessment 
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on access to information through a visual interface is posi-
tive or very positive (p<0.05), (r=0.73). 

The visual interface has guided often or always the stu-
dents in their learning process when assessing the overall 
browsing experience in the visual interface is positive or 
very positive (p<0.05), (r=0.70). 

 
Figure 8: Survey scores regarding deepen understanding 

 
Figure 9: Survey scores regarding global satisfaction 

The visual interface has guided often or always the stu-
dents in their learning process when explicit relationship 
between the skills, resources and assessment criteria 
(p<0.05), (r=0.68). 

The visual interface has guided often or always the stu-
dents in their learning process when access to educational 
resources through the interface was easy or very easy 
(p<0.05), (r=0.61). 

Although we can accept hypothesis 1 and we suggest 
that the interface has a positive impact on students' satis-
faction it is necessary to conduct more research to prove it 
because we rely on descriptive data and a low number of 
responses. 

 Academic performance B.
Academic results were measured for the multimedia 

degree course to test H2. The use of the proposed interface 
took place during development of the second assignment 
of the course and only with the experimental group, allow-
ing us to compare the results of this group with a control 
group. We made use of hypothesis testing Student's t-test 
for comparisons between groups, as the distribution of 
grades is normal, according to the Lilliefors test (p>0.05). 
The control group obtained similar mean marks (signifi-
cance of p>0.05) in the first (7.75±0.37) and second 
(7.77±0.39) assignments. However, the experimental 

group revealed significantly different mean marks 
(p<0.014) between these two assignments, with the se-
cond one (which used the proposed interface) giving a 
higher value (7.76±0.40) than the first one (6.98±0.45). 
The first assignment reveals a significant mean mark dif-
ference between the control and the experimental groups 
(p<0.012), which was not found for the second assignment 
(p>0.05). Thus, a group with worse initial academic re-
sults (the experimental one) achieved a similar academic 
performance as the other one (the control group) when 
using the proposed interface (figure 10). Note that the 
experimental group started with worse marks than the 
control group and achieved similar results to it after work-
ing with the proposed interface. In Test 1, both groups 
worked with standard UOC materials and LMS, while in 
Test 2, the experimental group worked with the proposed 
interface and the control group worked with the standard 
materials.  

 
Figure 10. Academic performance comparison between two tests and 

two groups 

The active role of students was used to test H3, meas-
ured by the amount of assignments submitted. The number 
of assignments completed and submitted in each of the 
two assignments was not significantly different between 
groups (two sample chi-squared tests are used, here since 
this kind of data is neither normally distributed nor has a 
continuous distribution). Nevertheless, it reveals different 
levels of participation (p<0.03) for non-compulsory activi-
ties: the experimental group submitted over four times the 
amount of optional activities submitted by the control 
group. The amount of submitted optional activities made 
by both groups before the use of the interface (the first 
part of the course) revealed no statistical differences 
(p>0.05) suggesting a higher level of engagement for 
students using the new visual interface (figure 11).  

Finally we present the correlation between performance 
and active role. We made use of the Kendall correlation 
test. Both groups show significant correlation. In the case 
of the control group, the correlation is significant 
(p<0'005), (r=0.22). In the case of the experimental group 
the correlation is very highly significant (p<0'0001), 
(r=0.48), i.e. there is stronger correlation between both 
values in the experimental group.  

With these results we can accept H2 and H3 and we 
suggest that the interface has a positive impact on stu-
dents' performance and their active role. 
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Figure 11. Participation level in Test 2 between two groups 

 CONCLUSIONS AND FUTURE WORK VI.
In order to assess the effectiveness of the “site map 

principle” in an online learning environment in higher 
education, a visual interface was developed and tested in 
an experimental design. 

The proposed interface has revealed a significant effect 
on students who used it. The purpose of the site map is to 
prevent students from getting lost in the course website 
and to support their learning path [8]. 

First, the students claim that the visual interface gives a 
clear idea of the content and structure of the website, sup-
ports the itinerary of student learning, and the browsing 
experience of a visual environment is positive. Therefore, 
we can verify H1: The interface has a positive impact on 
students' satisfaction. 

Second, students who use the visual interface have im-
proved both their academic performance and increase their 
activity. In addition, a correlation exists between the two: 
the more delivery of the optional activities, the higher the 
performance. Therefore we can say that the interface has a 
positive impact on students’ performance and on the ac-
tive role of students (H2 and H3). 

To sum up, it can be suggested that the use of graphic 
representations and interactive visualizations in online 
learning environments has great potential for supporting 
learning activities. They act as a guide for the learning 
process and prevent students from getting lost in the 
course’s website [8]. Therefore, it provides a fuller and 
enhanced learning experience. Moreover it also fosters 
students’ active attitudes.  

Future lines of research are, first, to extend the interface 
to a full module and, second, to continue working with 
other multimedia principles. This interface design also 
opens great potential for including learning analytics to 
personalize and enhance the learning experience.  
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