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Abstract

The way information is organized and designed on virtual learning environments (VLEs) is poor
(e.g., unclear, unattractive and overwhelmingly dense). This study evaluates and redesigns a VLE
platform to enhance access to information and course material. A three-stage user-centred
mixed-methods research approach was used with students taking part as co-creators of
education, researchers, designers and end-users. Results show that performance was
significantly better with two layouts designed following information design principles and a user-
centred research process, than with the existing layout. Participants’ opinion also reflected this
same trend. A set of guidelines to improve the design of VLEs is provided.

Key words: Information Design, Co-Design, Eye-tracking, Performance Testing, Virtual Learning
Environment

1. Introduction

Virtual Learning Environment (VLE) is “a collection of integrated tools enabling the management
of online learning” (McAvinia, 2016). It is widely used in higher education institutions for
teaching support, administration, communication and assessment (Hanrahan et al., 2009;
Blackboard, 2019). The Covid-19 pandemic has made the need for online teaching and learning
even more prominent, with higher education institutions around the world resorting to VLEs as
their main teaching tool. This immediate change to fully online teaching practice at a time of
crisis also meant that educators and students finally accepted and adopted online tools that until
then had been available but not fully embraced. More importantly, it unveiled the many benefits
of online teaching and learning as a complement to standard face to face delivery, such as
accessible materials to all and innovative teaching approaches that have the student learning
experience (i.e., an experience that adds value to the learner) at the centre.

A well-designed VLE platform should therefore equip students with a fundamental learning tool
that can be used to support learning outside the physical classroom through the use of various
learning resources and course-related information (Al-Badowi, 2006; Parsons, 2017). A well-



designed VLE platform should also provide a flexible teaching tool for educators to easily create
and administer course content, provide reading lists, make announcements, assess and examine
students, and track student performance (i.e., learning and academic achievement) (Green et al.
2006; Khlaisang and Songkram, 2019). As Oakman (2016) interestingly puts it, “educators are
encouraged to consider the VLE as an abbreviation of ‘valuable learning experience’ to reinforce
its primary purpose”.

A VLE platform also enables access to online learning materials in distance education (Peng et al.,
2015). With Covid-19 still very much present in our lives, universities with international student
cohorts continue to offer dual teaching, i.e., teaching delivery where some students are on
campus and some are online. This same advantage can apply to students living close to
universities who, for example, might be taken ill or are unable to attend classes for reasons
beyond their control. In normal circumstances, a VLE platform also creates opportunities for
students to stay engaged after class and access learning materials at any time and in any place
(D’silva and Reeder, 2005).

However, previous research has shown several problems with the way information is presented
and structured on the VLE in terms, for example, of accessibility and efficiency. A study
conducted by Dyson et al. (2006) evaluated tutors and student use of Blackboard VLE. One of the
areas researched was design, i.e., the way information is designed and course material is
organized. Findings were clear in showing problems with: 1) Accessibility — not enough levels of
hierarchy; 2) Orientation — large range of colors, a lack of consistency and a poor relationship
between the color of folders and files, all creating visual confusion and disorientation; 3)
Consistency — color, typeface, type styles and type size not used consistently; 4) Legibility —
extravagances in the use of colors and patterns leading to illegibility.

Unfortunately, a decade and a half later this scenario and design problems still exist. The focus
has been mostly on the improvement of technology and content, while information design and
its power to enhance the student journey and learning experience has been neglected. When
quickly surveying some VLE courses, it is clear that educators continue to have little initiative or
knowledge regarding how to structure and organize information in a clear, accessible and
efficient way. Moreover, as also identified by Oakman in 2016, many times learning materials are
out of date, inappropriately labelled, and interactivity is low. Such factors are essential to
enhance user engagement (i.e., how learners interact with the information and course material)
and learner experience (i.e., how meaningful and relevant the experience is to the learner).
Therefore, while the VLE has much potential as a teaching and learning tool, its success and
effectiveness depend on whether users engage with it or not (Oakman, 2016). Furthermore, the
inefficiency of VLEs leads to frustrated students and a failure to assure teaching and learning
quality. While there have been attempts to address criticisms regarding VLEs being old-fashioned
and hard to use (Lapowsky, 2015), little has been done to address this problem from an
information design angle and provide practical and sustainable solutions. This is worrying,
considering that currently the VLE is the main tool of communication, management, and
assessment used by educators on a daily basis. Moreover, it is a tool with great potential to offer
a high-quality learning experience to students at a time when hybrid and online teaching are
required and will remain common practice for the foreseeable future.



The fact that information design has been neglected in the design of VLEs is, in our opinion,
mainly due to the lack of awareness and research in this area. Studies looking at VLEs through
the lense of information design do not exist as far as the authors are aware, and there are only a
few studies and/or evidence-based guidelines on the visual design of information on VLEs, as
exemplified next. Richardson at al.’s (2014) study investigated specifically how good choice of
color for text and backgrounds of e-learning tools can increase readability of text while also
reducing extraneous cognitive load and consequently boosting learning retention. In
Wongpornprateep and Boonmoh’s (2019) study examining students’ perceptions towards the
use of the VLE, the importance of color was also emphasized in the design of VLE websites
(together with making websites attractive) in order to keep learners engaged and motivated.
Kuzu and Ceylan (2010), on the other hand, identified content, expressions, activities, graphics,
and text as components used in a VLE that have to be designed according to the perceptions and
the needs of the target user. However, their focus was specifically on typographical properties
and how text design is one of the most important components when designing VLEs to enable
content to be read more comfortably and faster. In her 12 tips for health profession educators
regarding online course design, Schlegel (2020) expands from text to page design by listing, as tip
8, the need to strive for a clear course layout. As argued by Schlegel (2020), clear and attractive
page design and layout promotes communication, facilitates navigation, increases accessibility of
a course, is conducive to course completion (especially important when courses are voluntary),
etc. Istrate (2009) expands a little bit further to give detailed guidelines on the visual and
pedagogical design of eLearning content. Istrate (2009) discusses and lists principles for text
design and use of color, but also discusses in detail how to develop materials for the web by
considering navigation, accessibility, and other features.

Another reason why information design might have been neglected in the design of VLEs is as
follows. Although some educators might be fully aware of the importance of VLE as a teaching
and learning tool, they are not sufficiently aware of the importance of designing their courses
around student needs and following good information and instructional design. Instead of
considering student needs, educators seem to “rely heavily on their intuitive teaching directions
and past experience” (Lee and Kim, 2014). This then leads to poor student satisfaction and poor
engagement (Liaw, 2008). Student satisfaction is here interpreted as the student pleasure or
displeasure of the processes that take place during the learning experience. Therefore,
information design principles and guidelines should be followed when the aim is to communicate
effectively with students and help them engage with the information they are given and that
they have to access on a regular basis (Bodemer et al., 2004; Lee and Kim, 2014, Peters, 2014).
Following established information design principles and guidelines also avoids overburdening
students with unnecessary information that only contributes to cognitive overload and slows
down information processing, learning and retention. Student ability is limited to processing a
certain amount of information at any one time (Grunwald and Corsbie-Massay, 2006). This also
applies to misuse as well as overuse of visual design elements, such as colors, graphic elements
and fonts.

Low technical ability and lack of training on how to use a VLE platform efficiently are other
barriers to the good use of VLE as a tool (Rogers, 2000; Limniou, 2010; Abbad and Albarghouthi,
2011; Umoru, 2012). However, technical ability and respective training are not the focus of this



study. In fact, according to Reiser (1994), the structure and design of a course can have a higher
impact on the way students process information than the technology itself. Therefore, the
hypothesis put forward in our study is that the application of information design principles and
guidelines, together with a mixed methods and user-centered design approach, has sufficient
power on its own to enhance accessibility of course material in VLEs, i.e., improve speed and
accuracy of finding information, as well as lead to positive feedback from students.

With a clear lack of research in the area of information design for VLEs, and to test our
hypothesis, we used the University of Leeds in the UK as a case study. The platforms used were
Minerva and Blackboard. The aim of this research, therefore, was to follow a user-centered and
information design approach to enhance accessibility of course material on the VLE at the
University of Leeds. To achieve this aim, the main objectives of the study were:

e Toinvolve students as co-creators of education: as designers and researchers, as well as end
users participating in any development and testing conducted.

e To identify information design guidelines that can be applied and extend to the design of
VLEs;

e To identify how tutors organize and display course information, as well as student usage,
views, and expectations of using a VLE.

o To develop new design solutions using information design principles and guidelines, as well as
user-centered research methods.

To meet these objectives a research and design process framework was devised that consisted of
three core stages to facilitate: 1) the identification of design problems; 2) the development of
design solutions; 3) and the validation that a design solution is fit for purpose (Figure 1).

FRAMEWORK | RESEARCH AND DESIGN PROCESS

STAGE 1 | IDENTIFICATION STAGE 2 | DEVELOPMENT STAGE 3 | VALIDATION

{ Literature Review }—
@ Visual Survey }—

— { Performance Testing }
@ { Online Questionnaire }——b B { Usability tesing + Iteration

L { Eye-Tracking Measurement }
@ { Interview }—
@ Co-design }—

Figure 1. Research and design framework followed in the study.



2. Stage 1 | Identification

2.1. Survey of existing material

In the first stage of the framework, design problems with existing VLE courses, as well as user
needs, were identified. To this end, a school in the university was selected as a case study, and all
55 modules in that school were surveyed. The school in question was selected because it
covered a wide spectrum of specialisms that represent quite different areas of study: arts,
humanities, technology, science, etc. Each course contained a number of subject-specific
modules; for example, in an MA course, ‘Research Methods' can be one of the modules. The
survey was conducted to examine current information design practice on the VLE and identify
how educators organize and display course information, as well as good and bad information
design practice. Specifically, the survey looked at content, design, and visualization of
information. The 55 modules where as follows: 11 modules from Bachelor (BA) Year 1, 12
modules from BA Year 2, 12 modules from BA Year 3, and 20 modules from Master programmes.

The majority of modules:

e Provided no or very little information on tutors teaching in the module.

e Used fonts, font size and colors inconsistently in the announcements.

e Had important information missing or located under the wrong tab.

e Had a high number of learning materials randomly arranged rather than arranged by folders,
themes, or chronologically.

e Had no description of what folders and files contain.

e Had some sections that were left empty.

2.2. Online questionnaire with tutors

An online questionnaire was then conducted with 31 tutors: 17 female and 14 male; between 32
and 63 years old; 14 native English speakers and 17 non-native English speakers. The objective
was to understand tutors’ usage of the VLE and possible interventions that might help them use
it more efficiently. Since educators play a significant role in delivering information and
instruction to students, understanding their practices and views is vital to the identification of
potential VLE design problems. The questionnaire consisted of 51 questions that were divided
into 2 main sections: 1) Minerva VLE (online portal via which Blackboard VLE modules are
accessed), specifically the ‘Teach’ page (tutors and students have a dedicated page; the ‘Teach
page is for tutors and the ‘Learn’ page is for students). 2) Blackboard VLE (this is where the
various modules in a course and respective information, materials and assessment are accessed).
The Minerva VLE section included questions on functions, navigation, color and icons, and on
design features in general. The Blackboard VLE section included questions on usage and
navigation, organization of information, color and icons, and design in general.

Overall results were as follows:

e 81% of tutors believed that Blackboard VLE is an essential tool to use regularly to help deliver
their teaching effectively.



e 84% of tutors said that they were given no training when they arrived at the University of
Leeds.

e 71% of tutors believed that it is very important to receive training, and 26% believed it is
somewhat important. So, only 3% believed it is not important.

e 84% of tutors used blackboard VLE regularly.

e 55% of tutors believed that it would be useful and 32% that it might be useful, to have a set
of design guidelines (dos and don'ts) to help tutors use Blackboard VLE more efficiently and
keep consistency across modules.

e 65% of tutors believed that it would be useful and 29% that it might be useful, to have short
video tutorials available in the help section of Blackboard VLE.

2.3. Interviews with students

Interviews were also conducted with 31 students to understand student usage and expectations
of using the VLE: 24 female and 7 male; between 18 to 26 years old; 17 were native English
speakers and 14 non-English native speakers; 6 students were from BA Year 1, 9 from BA Year 2,
6 from BA Year 3, and 10 were Master students. The reason for choosing to interview students
instead of just conducting an online questionnaire as was done with tutors, was to gather more
in-depth information as students were the primary target audience in this study. A similar set of
51 questions to the ones asked to tutors were asked to students but from a student perspective
using a VLE course. In addition, most answers required further comments and explanation to
gather both quantitative and qualitative data on user behavior, needs and difficulties using the
Minerva VLE ‘Learn’ page and the modules on the Blackboard VLE.

Overall results from the interview with students were as follows:

e 87% of students thought that Blackboard VLE is an essential tool to use regularly to help them
learn effectively.

e 61% of students believed that it is very important for students and tutors to receive training,
and 36% believed it is somewhat important. So, only 3% believed it is not important.

e 97% of students said they used Blackboard VLE regularly.

o 48% of students believed that it would be useful, 36% that it might be useful, to have short
video tutorials available in the help section of the Blackboard VLE.

e 100% of students said they used Blackboard VLE for assessment and 90% to access lecture
slides.

e Although this is a generation familiar with reading online, 45% of students said that they
always download the materials, and another 45% said that they do it most times.

e 90% of students said they used a computer to access Blackboard VLE, while 10% used a
tablet.

e Additional functions that students would like to have on Blackboard VLE included: timetable
with deadlines, academic year calendar, assignment deadlines.

e 61% of students did not think it was very easy to find information on Blackboard VLE.

e 71% of students did not think information was very well organized on Blackboard VLE.



2.3.1. Specific problems and improvements

Table 1 compiles a list of problems identified by students during the interviews and suggested

improvements. These improvements range from better organization and clarity of content to

visual display of information and clear structure and hierarchy.

PROBLEM EXAMPLES OF PROBLEMS IDENTIFIED IMPROVEMENTS NEEDED
Information + The handbook is missing from the ‘Module Information’ « Make sure the information is located under the
missing menu tab. designated tab.
« The assessment briefs cannot be found under the « Delete tabs that have no content.
‘Assessment’menu tab.
- Sections are often found empty under tabs such as
‘Reading Lists, ‘Collaborate’and ‘Media’.
Incomplete - Information provided is not complete. For example, staff « Make sure full information is provided.
content information without email, office hours, contact number.
« Lecture slides are missing in the ‘Lecture Materials’ folder.
Unclear « The main menu should be flexible to adapt to the focus - Establish a standard menu.
information of different modules. « Establish a hierarchy of information.
structure « The name of the menu tabs is confusing (e.g., Module « Organise information by folders in a chronological way.

‘Information’and ‘Module Catalogue’ sound very similar.

« Information is hidden in folders without descriptions,
which is very difficult to find.

- Different type of files (PPT, Word, Pdf) are randomly
organized inside folders.

« Important information is not highlighted.

« Provide description for each folder so that the user sees

what is inside the folder without having to click on it.

- Highlight important information with bold type or color.

Visual display

- The use of font, size, color, and images can be very

« Establish standards for visual design and legibility.

inconsistency different between modules, which creates some « Keep as much design consistency between modules as
confusion. possible.
« Icons for multimedia and documents are confusing. « Redesign icons that are confusing.
Information « Excessive use of announcements. « Delete announcements that are out of date.
overload « The Minerva‘Learn’ page is overcrowded with functions. - Remove functions on the Minerva‘Learn’ page that are not

Some are irrelevant to students.
« Too many colors on the Minerva‘Learn’ page, which is
distracting.

relevant to students.

« Reduce the color scheme on the Minerva‘Learn’ page to

3 colors.

Table 1. VLE problems identified by students during the interview and suggested improvements.

2.4. Co-design with students as co-creators of education

A co-design session was conducted in Stage 1 to further identify student needs and expectations.

A co-design approach usually involves all stakeholders in the design process to help make sure

that the design solution will meet all users’ needs (Spinuzzi, 2005). In this study, the main focus

was to meet student needs with co-design being a critical research strategy because at its core

was the co-creation of education with students as researchers, creative designers and end users.

Therefore, the co-design session included 7 students from all four levels of study (all three

undergraduate BA levels and Masters level). Furthermore, 2 additional MA Design students took

on the role of designers.



The main objective of the co-design session and respective tasks was to give students the
opportunity to change the design of the VLE and understand how they would do it, i.e., how
information and educational materials would be organized, what color scheme they would
choose, what icons they would prefer (color, shape, size) and what they would add, change or
remove from the main menu. Towards this end, the session included three tasks.

In Task 1, students were asked to simply look at the existing module menu and write their
thoughts, any improvements that could be made to each individual tab, and what they would
expect to find under that tab respectively. In Task 2, each year group was given a selection of
different menu section options that they could cut out. In total there were four 4 groups: Group
1—-BA Level 1; Group 2 — BA Level 2; Group 3 — BA Level 3; Group 4 — MA. They were then asked
to sort the cards into a logical organization of information. They were asked to act as a VLE
module tutor and choose the best organization of information that would result in the most
effective solution to aid student learning and engagement with the course material. In the last
task, Task 3, and building upon the students work in Task 2, each group was given a set of icons
and a set of menu options with different typefaces, in different weights and sizes. On a large
sheet of paper, students were asked to stick down their preferred menu options and icons.
Figure 2 shows participants in action during the co-design session, and respective toolkit.

Figure 2. Students acting as co-creators of education during the co-design session.



The overall results, going through the main menu tabs, were as follows (also visualized in Figure
3).

Announcements — All groups agreed that this should only be updated with important
information, with announcements removed as soon as they become irrelevant to avoid
confusion. Most also thought that there should be a split between the different types of
announcements. For example, general and important announcements, or course and school
announcements. This could be defined by the having a layout with more obvious sectioning.

Staff Information — All groups wanted to see this section always filled in as a mandatory action
for tutors. With full staff profiles for every tutor that contributed to the module, including: a
picture, email, work phone number, office hours, office location, modules they teach and areas
of expertise. One suggestion was to personalise this section by renaming it ‘Your Tutors’ or
‘Personal Tutors’ as the name ‘Staff Information’ could be confused as an area meant for staff.

Module Information — Three out of four groups wanted the Module Handbook to be under this
tab. A good suggestion from the Masters group was to have timetables under this section split
into assessment and course related activities. This would allow students to see at a glance what
was happening during the period of the course. Some students also wanted to see the reading
list and lecture information under this tab, despite there being individual ‘Learning Information’
and ‘Reading List’ tabs.

Module Catalogue — Three out of four groups thought that the ‘Module Catalogue’ tab should be
removed completely as they were unsure what it was meant to contain and was too similar to
the ‘Module Information’ section. The word ‘catalogue’ in particular is vague and could be
especially confusing to international students and non-native English speakers. The suggestion
from the other group was to rename the tab to ‘Key Documents’ in order to make it less
confusing.

Learning Resources — All groups wanted to see lectures in this tab in a chronological order, as
this is the most logical structure. They also expected information from seminars, workshops and
tutorials to be here. The kind of documents they wanted were lecture slides and notes and
word/pdf documents of any handouts. This meant that if a student missed anything they still had
all the necessary information available on the VLE. They would have also liked to see links to
useful papers and documents.

Reading List — All groups were keen to see better distinction between reading lists. For example:
Essential or Core, Recommended or Extended, E-books, Journals, etc. Another idea was to
display information differently depending on the number of items or number of reading lists. If
the reading list was fairly short, it would be viable to have all the sources directly under the tab.
However, if it was extensive or if there was more than one list, an external link may be
preferable.



Assessment — The main things the students wished to see under this tab was information
regarding their assessment and a link to submit their work. Other desired features were folders
containing past examples of student work and perhaps organized according to the awarded
grade so they knew what to aim for. They would also like to see an area with their grades and
feedback to better track their progress and know how they could improve.

Media — The only thing students had encountered in this tab was Lecture Capture, and therefore
it seemed logical that this should be the tab’s name. Other suggestions were that tutors could
upload different kinds of media or links to those media as this would be useful for learning.

Other overall outcomes and feedback also included:

¢ Students rearranged the Blackboard VLE by changing the order of the menu, renaming some
menu sections and functions and selecting the appropriate icons for different file types.

¢ Students removed some functions from the main menu as they reported that they never used
them (e.g., module catalogue).

¢ Interestingly, students did not fill any blank cards with new features as they wanted the menu
to be minimal and less distracting.

¢ Students also determined 3 clicks as being the highest number of clicks desired to navigate on
the VLE in order to get the materials needed. So, again, simplicity and minimal effort was the
choice.



CO-DESIGN OVERALL OUTCOME

{ ANNOUNCEMENTS

E— { General announcements }

S — { Important Announcements

{ STAFF INFORMATION

Module Handbook }

{ MODULE INFORMATION

Module Timetable
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{ Other useful information

—

Essential reading }

READING LIST
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— { Recommended reading }

{ ASSESSMENT

Assessment information }

=

{ Past student work }

{ MEDIA

Lecture capture }

H: { Other media }

|

|
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Email

Research projects

Module Tutors }
Office location and hours
— Phone number
{ } Expertise
——— | GuestTutors

Assessment
Course Activities

Lecture slides and notes

Specific papers

|
|
|

{ Useful videos and media

Figure 3. Compilation of menus developed by students during the Co-Design session into one reflecting the most common

suggestions.



2.5. Design guidelines

Lastly, literature on well-established principles of information design was conducted looking at
theories on cognition and Gestalt principles on visual perception (e.g., Moore and Fitz, 1993;
Knaflic, 2015; Lonsdale and Lonsdale, 2019). Research was also analysed that focused on
infographics, color, typography, layout and structure in general (e.g., Koyani et al. 2006;
Pettersson, 2010; Lonsdale, 2014). Information design principles and guidelines, specifically for
teaching and learning (as proposed, for example, by Pettersson and Avgerinou, 2016) were
analysed as well. Principles and guidelines on interactive design were also collated to support the
design of the ideal layout, as the objective was to make this layout more interactive than the
existing layout (e.g., Lidwell et al., 2003; Norman, 2013; Lonsdale et al., 2018 and 2019). The top
guidelines of most relevance to inform the Stage 2 (integration of research findings and design

development) are shown in Table 2.

TOP DESIGN GUIDELINES USED

Information Design - Provide content that is engaging, relevant and appropriate to the audience.

- Visually align page elements, vertically and/or horizontally.

« Use typefaces designed for screen display.

« Avoid the use of all-capitals for body text, but all-capitals can be used for headings.

« Set text in bold when it has to be placed over a picture orimage.

« Use a light or dark background color that is appropriate to the content, and then use a color
with good contrast for the text and/or visuals.

« Make sure the difference between colors in the color palette selected, are clear and obvious.

- Use variants like complexity, directionality, exaggerated features, isolation, motion, etc. to
emphasize information.

Interactive Design - The design should be aesthetically pleasing because it is perceived as being more usable.

« 80% of the effects in interactive design should be caused by only 20% of the variables.

« Clues on object affordance should be provided by the object itself or the context.

« User level of control over a system should be proportional to their level of expertise.

« Buttons for common tasks should be bigger than buttons for less common tasks.

« The system should be designed to prevent and recover from errors.

« Consider the number of options given to the user as the time needed for the user to make a
decision increases with the number of options.

- To increase usability, inform the users of the status of the system and/or their progress.

« Decide how users will navigate to best find information: a) users can be guided through set
pathways; b) users can be allowed to navigate at their leisure.

Table 2. Top design guidelines selected from the literature that informed the design of the Re-Designed and Ideal layout.

3. Stage 2 | Integration and Development

3.1. Rationale for design solutions

In the second stage of the research and design framework devised for this study, findings from
the research conducted in Stage 1 were taken into account in order to redesign the existing
structure and respective information on the VLE. An interview with the staff from the Learning
Technology Team at the University of Leeds was also conducted to find out how much design



freedom the VLE as a teaching tool allowed. The outcome was that design features of the VLE
platform used cannot be changed due to technical limitations. It was therefore decided to create
two new designs: Design 1 | Redesigned Layout — a feasible redesign solution that can be
implemented under the current VLE technical limitations; Design 2 | Ideal Layout — a redesign
solution where no design limits were imposed, and the aim was to find the ideal/optimum VLE

design solution.

Initial design concepts were therefore developed based on: a) the information design principles
and guidelines identified through the literature review; b) good practice identified through the
survey; c) user design preferences identified through the questionnaire and interviews; d) the
results from the co-design sessions; and e) and insight gathered through the interview with the

Learning Technology Team.

3.1.1. Design 1 | Redesigned Layout

Due to restricted visual options, the Redesigned Layout of the VLE focused on improving
information structure of existing modules so that students could easily navigate the information
accurately and efficiently. A clear menu was also defined to avoid misunderstanding and
ambiguity. All materials were organized by folders with descriptions of topics or in a
chronological order, while levels of information were reduced to maximize information
accessibility. Bold typeface and color were used to create a clear hierarchy of information and to
call attention to important notifications. Elaborated typefaces and overuse of color were avoided

to achieve good legibility and consistency.

3.1.2. Design 2 | Ideal Layout

Regarding the Ideal Layout, the major consideration was to design an interactive interface that
motivates learning but causes minimal cognitive load on users (Stoney and Wild, 2008). It is
recognized that the nature of information design for twenty-first century learners has changed to
“digital, networked, overwhelming, immediate, manipulatable, participatory and visual” (Jakes
and Brennan, 2006, cited in Pettersson and Avgerinou, 2016, p.263). When used effectively,
interactive software has the potential to improve learning and retention of knowledge (Simoni,
2011). With this in mind, design features that resemble social media networks were applied to
learning resources to encourage students to explore and share the information. Such interactive
learning experience, together with visualization of information, help learners process and retain
information more easily. As research shows, people can remember up to 80% of what they see
and do, but only 30% of what they read (Lester, 2006; Bursi-Amba et al., 2016). Functions (e.g.,
module schedule and assignment reminder) that the students wished to have (as found in Stage
1 of this study), but were difficult to implement in the existing VLE platform, were now included

in the Ideal Layout.

3.2. Usability testing and iteration

3.2.1. Initial design concepts



Usability testing was conducted to assess and iterate the two layouts: 1) Redesigned Layout; and
2) Ideal Layout. A total of 5 students were shown three concepts for the Redesigned Layout.
Participants were asked to compare the design concepts with one another and then compare
them with the existing VLE platform in terms of information organization, functionality, usability,
and aesthetics. Results were as follows: 3 out of 5 participants preferred information to be
organized via a side menu instead of folders; 3 out of 5 participants considered it to be more
helpful to access information efficiently if information is grouped by folders in a chronological
order with detailed file names listed in the file description. Compared with the existing VLE
platform, participants thought the redesigned concepts were more user-friendly and more
effective.

Regarding the three concepts for the Ideal Layout, 4 out of 5 participants preferred information
to be organized by increasing user interaction and that priority is given to the most updated
information. The interactive design features were considered to be more personal and more
interesting than in the existing VLE platform. All 5 participants chose the color scheme to be
predominantly lime green. Participants also agreed that the Ideal Layout concepts were in
general more user-friendly, more effective, and more attractive than the existing VLE platform.

3.2.2. Final design outputs

The new layouts were finalized based on the usability test results. Design features which were
highlighted and/or suggested by participants were considered in the final concepts, together
with information design theories, principles, and guidelines that were used to develop final
design solutions. Moreover, in the co-design session preceding the usability testing, participants
were given the opportunity to thoroughly define the design of the layouts. This meant that there
was no need to conduct more than one usability test and iteration because all the data gathered
in Stage 1 was very informative and clear, and therefore allowed the production of the first
prototypes to be of high-fidelity and very responsive at meeting user needs. Essentially the
usability test confirmed that the designs developed and tested represented well what was

required and requested by participants in Stage 1.

In order to compare the existing design with the Redesigned Layout and the Ideal Layout during
the evaluation stage, a Typical Layout (Figure 4 and Appendix 1) that represented the most
common current design practice of the VLE was created in light of the results from the visual
survey of 55 modules described in Stage 5. The Redesigned Layout (Figure 5 and Appendix 2) and
the Ideal Layout (Figures 7.1, 7.2., 9, and 10; Appendices 3 to 14) were further developed to
make sure that all three layouts had the same structure and the same content.
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Figure 4. Typical VLE Layout. From left to right: 1) Menu; 2) Announcements and Staff Information pages; 3) Learning Resources
pages (equivalent to ‘Lectures and Materials’ used for the Redesigned Layout and ‘Lectures’ used for the Ideal Layout).

Appendix 1 shows a bigger size of item 3: Learning Resources.
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Figure 5. Redesigned VLE layout. From left to right: 1) Menu; 2) Announcements and Staff Information pages; 3) Lectures and
Materials pages (equivalent to ‘Learning Resources’ used for the Typical Layout and ‘Lectures’ used for the Ideal Layout).

Appendix 2 shows a bigger size of item 3: Lectures and Materials.



Figures 6.1 and 6.2 show the differences between the Typical Layout and the Redesigned Layout.
As already discussed, there are limitations with the VLE platform in terms of how much is
possible to create and innovate when it comes to interactivity and visualization. Nevertheless,
based on previous research and feedback from users during Stage 1, our hypothesis is that good
organization of information and clear structure and hierarchy alone (if following good
information design theories, principles and guidelines) should be powerful enough to improve
students’ performance and lead to more positive feedback about the VLE platform. Towards this
end, as seen in Figure 6.1, the menu for the Redesigned Layout has a clear division of sections
both in terms of content and design, where the main headings have a darker background to
make them stand out. In Figure 6.2 we can see how the page containing the lecture materials is
better organized by following a chronological order and having clear descriptions for what is
included in each week’s folder. This in itself should save students time from randomly clicking on
folder after folder to find the content they need. This should also reduce their frustration when
navigating the VLE. Furthermore, it should help with recall, i.e., clearly knowing where to go

when returning at a later stage to the VLE to find the same information.
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Figure 6.1. Typical Layout versus Redesigned Layout. Comparison between menus: 1) Typical Layout menu with very basic
information and little hierarchy; 2) Redesigned Layout menu with better structured content and more detailed).
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Figure 6.2. Typical Layout versus Redesigned Layout. Comparison between the pages holding the lecture materials: 1) Typical
Layout page with folders randomly distributed; 2) Redesigned Layout page with weeks in chronological order and with a
description of content).

Figures 7.1 and 7.2 show a series of important additions in the Ideal Layout, together with an
innovative approach. The Minerva page now includes a personalized schedule and notice board
for course work submissions. The menu adopts the same structure and design as the Redesigned
Layout, but also includes an orange dot to highlight the most important folders. For each module
there is now a Blackboard VLE homepage with bespoke information that is updated by the tutor
as needed. The Staff Information page now includes more information about each tutor that is of
relevance to students and that goes beyond the standard profile, i.e., it includes the tutor’s
research and publications, ongoing and current research projects, and any external websites that
they might have. A calendar has also been added so that students can see at a glance all that is
scheduled for that module for the entire semester, including submissions, guest speaker talks,
etc. Finally, the Reading List page has changed from just a list of names, to actually showing the
cover of the book, which is more engaging and can help with recall as well.
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Figure 8 compares the pages containing the lecture materials between all three layouts. Seeing
all three layouts side by side makes it very clear that there is a big jump from the Typical and
Redesigned layouts to the Ideal Layout in terms of innovation when it comes to user experience,
interactivity and visualization of information as a complement to text. Icons are used to identify
sections alongside the heading, which should help with recall and quicker access when returning
to the information. This is in addition to a clear structure and hierarchy, as shown in detail in
Figure 9. Color coding is also used to distinguish levels of information in a section that can be
considered the most complex of all as it should contain the biggest number of learning materials,
and also the most varied range of learning materials, for students to access. This same color
coding follows through to the content inside that section, as also shown in Figure 9. The color of
the tiles then alternates between the respective color for that section and black to clearly
indicate when a different week of content starts and make it easy to spot the different weeks.



The lecture materials section is also the most personalised with its own homepage, where most
important content is highlighted and updated as if it was a live news page. This homepage also

contains a chat box for group discussion so that students can keep up to date with what their
peers are communicating.

All other sections (Figure 10 as an example) follow a simpler design with one color only (the core
color in the scheme — lime green), as these are less complex sections in terms of content and do
not need color coding to help distinguish the information.
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Figure 8. Comparison between all three layouts for the pages containing the lecture materials. The Ideal Layout shows an

innovative approach, having at its core learner experience, interactivity and information visualization (serving as a complement
to text).
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4. Stage 3 | Evaluation and Validity

In the third and final stage of the design and research framework, the final design output was
implemented in a real-life scenario and tested for final evaluation and validation. Performance
testing and eye-tracking measurement were conducted to ascertain which design is most
effective at allowing students to find information faster and more accurately.

4.1. Participants

A total of 90 participants from the University of Leeds were recruited for the test. Recruitment

was done by sending an email out through university mailing lists and by directly approaching



students in community areas in the university: libraries, language centre, PhD offices, etc.
Purposive sampling, i.e., selective recruitment of participants, was followed to include a
balanced mix (50% each) between experienced students, i.e., students who had used Minerva
and Blackboard VLE during their studies; and non-experienced students, i.e., students who had
no or very little knowledge of Minerva and Blackboard VLE. The latter included PhD students or
students who had just arrived for their pre-sessional English course before the start of the
academic year. PhD students do not normally use Blackboard VLE unless they work as Teaching
Assistants. As for new students, especially international students who are studying in the UK for
the first time, they usually have no understanding of Blackboard VLE.

This therefore means that the vast majority of participants in this study are international and
non-native English speakers. However, there is also a benefit of having such cohort as
participants in the study. If we devise a new layout that is easy to access and navigate by non-
native English speakers and students who come from a different educational background, then
we are offering accessibility for all.

The 90 participants were divided in 3 groups, a group for each layout tested, as follows. Group 1
included 30 participants to test the Typical Layout. Student age ranged between 21 and 33 years
old. 73% were female and 27% male students. 10% were British students and 90% international

students. 60% were PhD students, 27% Master students and 13% Bachelor students.

Group 2 included 30 participants to test the Redesigned Layout. Student age ranged between 20
and 37 years old. 50% were female and 50% male students. All students were international
students. 43% were PhD students, 37% Master students and 20% Bachelor students.

Group 3 included 30 participants to test the Ideal Layout. Student age ranged between 22 and 42
years old. 60% were female and 40% male students. All students were international students.
27% were PhD students, 40% Master students and 33% Bachelor students.

4.2. Procedure and materials

The Typical Layout, the Redesigned Layout and the Ideal Layout were designed with the same
content and learning materials from the same dummy module. Each layout was tested with 30
participants individually using eye tracking measurement. As already explained, the Typical
Layout was tested with Group 1; the Redesigned layout was tested with Group 2; and the Ideal
Layout was tested with Group 3.

Each layout was presented to the respective participants via a desktop computer in the eye-
tracking laboratory that was set as an office space. During the first part of the session,
participants were asked to perform 9 tasks to find various learning-related information from
different locations:

e MODULE INFORMATION: Task 1) Please find the handbook for this module; Task 2) Please
find the lecture schedule for this module.
e ASSESSMENT: Task 3) Please find Assignment 1 and the deadline.



e LECTURE MATERIALS: Task 4) Please find the Lecture for week 7; Task 5) Please find the paper
‘How to conduct a focus group’; Task 6) Please find the Lecture slides for ‘Interviews and
Focus Groups’; Task 7) Please find the link ‘InfoDesign User Research’; Task 8) Please find the
activity ‘Questionnaire’.

e ACADEMIC SKILLS: Task 9) Please find information on the following academic skills: How to
write your essay and dissertation.

Participants were given as much time as they needed and were also allowed to give up the tasks
if they could not find the information. During the second part of the session, qualitative data was
collected to gather participants’ opinion on the design of the Layout tested. This was done by
asking participants their opinion through a set of questions focusing on: organization of
information; distinction of functions; description of content; color scheme; and icons.

4.3. Performance Results

Empirical testing was conducted to validate the effectiveness of the three VLE Layouts in
supporting student performance when accessing information on Minerva portal and Blackboard
VLE modules. Student performance was measured by time, i.e., the time taken to find the
information as requested in each task; and by accuracy, i.e., the accuracy of the information
found. An Independent Two Samples t-test was used to compare performance between the
groups

4.3.1. Time

In terms of time taken to find the information, results show a significant difference between
groups (Figure 11, left). Participants spent significantly less time to find information with the
Redesigned Layout design (M = 857.13) than with the Typical Layout design (M = 1240.17) (p <
0.001). Participants also spent significantly less time to find information with the Ideal Layout
design (M = 507.43) than with the Typical Layout design (M = 1240.17) (p < 0.001), as well as
significantly less time to find information with the Ideal Layout design (M = 507.43) than with the
Redesigned Layout design (M = 857.13) (p < 0.001).

4.3.2. Accuracy

In terms of accuracy of the information found, results show a significant difference between the
groups (Figure 11, right). The information found by participants was significantly more accurate
with the Redesigned Layout design (M = 7.83) than with the Typical Layout design (M =5.57) (p <
0.001). Information found by participants was also significantly more accurate with the Ideal
Layout design (M =9.00) than with the Typical Layout design (M = 5.57) (p < 0.001), as well as
significantly more accurate with the Ideal Layout design (M = 9.00) than with the Redesigned
Layout design (M = 7.83) (p < 0.001).
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Figure 11. Mean Time (time in seconds to find information as requested) and Mean Accuracy (number of correct tasks

completed) for all 3 layouts.

4.3.3. Eye-tracking

In addition to time and accuracy measurement, eye-tracking measurement was also conducted
looking at scan path data, heat map data, and gaze plots data. The videos recording the scan
path were analysed to identify exactly where participants struggled. Heat map and gaze plots
data was created as these are data visualizations that clearly communicate important aspects of
visual behavior and complement and reinforce the findings for accuracy, time and participant
opinion. Heat maps show how what participants are looking at is distributed over the design
output. Gaze plots show where, in what order and for how long participants looked at the design
output.

Let us take again the page containing the lecture materials as an example and Task 4 asking
participants to find the lecture for week 7.

The most common path taken by participants and respective number of main steps taken when
using each layout was as follows. For the Typical Layout, the number of main steps taken is six
times higher than for the other two layouts; a total of 18 main steps. This is because the
materials related to the lectures were uploaded as the classes were taught but without
identifying which week they belonged to. The folders were also all uploaded to the same page
and therefore lecture folders and single files were all mixed with each other and with all other
folder such as folders containing papers, media, etc. Therefore, although the materials were



uploaded in the sequence that they were delivered to students, the lack of clear chronological
identification of what belongs to what week; the lack of structure and hierarchy to help navigate
through the information in a sequential order; and the high number of folders and files on one
single page (as many as 22) — that only increases cognitive load; were all likely to impair
performance and lead to confusion and frustration. A typical path was to:

scroll up and down the ‘Learning Resources’ section;

o keep checking the information at the top of the page in the ‘Learning Resources’ section, not
knowing where to go next;

e go back and forth between sections to try to find the information in another section;

e eventually click on the ‘Introduction’ lecture at the top of the page (or module handbook in
the ‘Module Information’ section) and find a list of lectures and respective week;

e with this information found elsewhere, they could then identify in the ‘Learning Resources’

section the lecture for week 7 as being ‘Ethnography and Observation’.

With the Redesigned Layout and the Ideal Layout, the simple design solution to have all weeks
identified chronologically with respective subfolders inside each week, meant lower cognitive

load and ease of finding the information in only 3 steps.

Figure 12 and 13 show the heat map and gaze plots for all three layouts and for all 30
participants per layout. This data visualization validates what was described for the scan path
data. The heat maps (Figure 12) were generated on the basis of absolute fixation durations. For
the Typical Layout it shows an increased and more concentrated heat over the information at the
top of the page. For the Redesigned Layout it shows a reduced and more broadly distributed
heat over the information that precedes the Week 7 folder, with highest heat density stopping at
Week 7 and very little heat beyond that (the latter showing that some participants wanted to
check all the information on the page to make sure they found the right folder before making a
final decision). As for the Ideal Layout, the data actually adds another layer of validity as to why
this is the closest layout to an optimum VLE design solution. The heat map for the Ideal Layout
shows the least and more broadly distributed heat over the information. This validates the
following. Participants, as a whole, spent very little time on this page because they could find the
information very quickly. It also suggests reduced cognitive load, increased understanding, and

deeper engagement with the information.

The gaze plots (Figure 13) show that there are more gaze plots with the Typical Layout, i.e., more
time spent finding information; as well as more gaze plots outside the area where the main
information is, which suggests that participants were wondering around not knowing where to
go. The number of gaze plots decreases with the Redesigned layout and sharply decreases with
the Ideal Layout, once again validating that the Ideal Layout is the closest to an optimum design
solution for the VLE.
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Figure 12. Heat map comparison for the three layouts using Task 4 (find the lecture for week 7) as an example. Data for all 30
participants included: 1) Typical Layout; 2) Re-Designed Layout; 3) Ideal Layout.



Figure 13. Gaze plots comparison for the three layouts using Task 4 (find the lecture for week 7) as an example. Data for all 30
participants included: 1) Typical Layout; 2) Re-Designed Layout; 3) Ideal Layout.

4.4. Opinion results

Participant opinion is extremely important in a user-centered research and design process,
because it helps validate the quantitative data further and it also helps understand in more detail
where and why participants struggled (or not) to find the information. It also gives additional
data in terms of design choices that in turn validate the findings from Stage 1 of the research
process and Stage 2 of the design development. With this aim in mind, after completing all
performance tasks, participants were asked to give their opinion about the layout they used in
terms of: organization of information; distinction of functions; description of content; color

scheme; and icons.



As shown in Table 3, the majority of participants from Group 1 did not agree that the Typical
Layout had: well organized and clear information (83%); enough distinction and clarity between
the names of the different functions (87%); descriptions of the content in each file that were
useful to help find what was needed (93%); a clear color scheme (70%); a set of icons capable of
communicating clearly what they represent (83%). Participants also disagreed that overall, the
design of the module with the Typical Layout was effective (83%).

Compared with Group 1 (Typical Layout), less participants in Group 2 (Redesigned Layout) chose
‘Neutral’ and the choice of ‘Agree’ increased from as little as 7% to as much as 77%. In Group 3
(Ideal Layout), the choice ‘Disagree’ dropped significantly to as little as 3% in most cases, while in
contrast the choice ‘Agree’ increased to as high as 90% in some cases.

These results in Table 3 further confirm that the Redesigned Layout is more efficient at
communicating information and supporting learning experience on the VLE than the Typical
Layout. It also further confirms that the Ideal Layout is more efficient than both the Typical
Layout and the Redesigned Layout. When asked which Minerva homepage the participant
preferred, 97% of participants from Group 3 chose the Ideal Layout. All these results are also
supported by participants’ feedback during the performance test (Table 4 right-hand column).
Table 4 (left-hand column) also includes the feedback given by participants on the design of the
different layouts during Stage 1 and 2, to see how the feedback was similar throughout the
entire research and design process followed in this study.

TYPICAL LAYOUT REDESIGNED LAYOUT IDEAL LAYOUT

N Agree Neutral Disagree N Agree Neutral Disagree N Agree Neutral ~ Disagree
Q1
Information 30 17% 17% 66% 30 67% 10% 23% 30 77% 20% 3%
organization
Q2
Distinction 30 13% 27% 60% 30 77% 10% 13% 30 74% 23% 3%
Q3
Written 30 7% 33% 60% 30 77% 6% 17% 30 90% 0% 10%
description
Q4
Color 30 30% 23% 47% 30 64% 13% 23% 30 87% 10% 3%
scheme
Qs
Icons 30 17% 17% 66% 30 60% 20% 20% 30 84% 13% 3%
Q6
Effectiviness 30 17% 17% 66% 30 70% 7% 23% 30 80% 13% 7%

Question 1. The information organised on this module is clear.

Question 2. There is enough distinction and clarity between the names of the different functions.
Question 3. Written descriptions of the content in each file is useful to help find what you need.
Question 4. The colour scheme used on this module is clear.

Question 5. The icons used on this module are clear at communicating what they represent.
Question 6. Overall the design of this module is effective

Table 3. Participants opinion on organization of information; distinction of functions; description of content; color scheme; and

icons



BEFORE PERFORMANCE TEST

AFTER PERFORMANCE TEST

Typical « Poorly organized and there are multiple overlaps. « Icons help to me to somehow find the exact information,
Layout - Some icons are quite similar and it is difficult to but the organization is a bit confusing.
distinguish them. « Not user friendly.
« Itis difficult to find some specific functions; the « The color scheme could be more attractive.
classification is not clear enough. « It is completely disorganized and | really dislike using it. It
« The order of information is not clear and and it is not feels like there has been absolutely no thought to how a
structured in a way that allows you to intuitively find user would interact with the website.
your way around.
Redesigned « Much better than the previous design. « The main menu is clear and easy to use.
Layout « Although information is distinguished by specific icons, « In the menu, the white font on a darker background
it would be better to use items with more detail and that color for the title of the main sections,makes it easy to
can illustrate the information content better. The use of distinguish the corresponding sub-sections.
the same color palette as in the existing design does not « The description for each folder helps me to identify the
help to identify the information very well. content in that folder and saves me time when looking for
« Only two colors are used and some parts need to be something specific.
highlighted. « It is quick and easy to find the documents and material.
Ideal « Information is clear and easy to find. « Colors are generally easier to see than text, but the text in
Layout « Information is easy to find and the color scheme is nice large font helps to identify the content of the information.

and easy on the eyes.
« Icons are simple and easy to understand.

« Descriptions of the content are easy to understand.

« Generally convenient, but some sections have too many
parts.

- Useful information as it is large and easy to find.

Ideal Layout
Minerva page

« There is a calendar in the new design and it seems clearer and cleaner.

- The layout is clearer and more informative.

- The arrangement and clarity of the page is much better than the original. The original

layout presents information in a rather chaotic way.

Table 4. Participants general feedback before and after the performance test.

5. Information design guidance for courses on a VLE

The findings from this user-centered research study, together with well-established principles

and guidelines of information design, are compiled in this section. This guidance aims to assist

educators with the design of course modules in a VLE platform. It should contribute to the

success of the learning and teaching process by enabling tutors to provide well-designed

information for students and to enhance student engagement with the learning materials, which

in turn will contribute to the success of their studies.

To avoid repetition of sources, all the sources used to identify these guidelines are listed here as
follows: Moore and Fitz, 1993; Conrad, 2002; Lidwell et al., 2003; Knaflic, 2015; Muilenburg and
Berge, 2005; Koyani et al. 2006; Visocky O’Grady, 2008; Pettersson, 2010; Hazlett et al., 2013;
Norman, 2013; Jansen, 2014; Lonsdale, 2014; Peters, 2014; Dirksen, 2016; Pettersson and
Avgerinou, 2016; Dyson and Beier, 2016; Gibeault, 2018; Lonsdale et al., 2018; Maybee et al.,

2018; Lonsdale and Lonsdale, 2019; Lonsdale et al., 2019.



5.1. How to design the main menu?

Guidelines:

e Choose accurate and clear labels.

e Use categories to clearly divide the menu.

e Use design features to establish a hierarchy.

e Use a capital for the first letter of each label.

o Simplify the menu by removing unnecessary or overlapping sections.
e Avoid leaving empty sections.

e Avoid changing the default order of the main sections.

Rationale:

In order to allow easy access to the information in each section of the VLE, it is important to
design a clear and simple navigation menu. This can be achieved by applying clear information
design principles and guidelines. Based on results from this research study, students find the
current menu too complex and with too many items. Therefore, the menu should be simplified
by categorising its sections based on their function. Design features should also be used to
establish a hierarchy with categories and sub-categories (e.g., background color of black for main
category versus grey for sub-categories). This should also contribute to reducing the cognitive
load of information. Furthermore, the results from this research also show that students believe
that the module catalogue is unnecessary, and it should be removed. Similarly, students have
reported that they become confused when empty sections are left in the menu. Therefore,
module tutors should not keep sections unless they have a specific purpose.

5.2. How to design an announcement?

Guidelines:

e Use announcements purposefully.

e Use fonts and color consistently.

e Use alegible type size (10-, 11-, and 12- point).

o Highlight key words using bold.

e Provide enough information to make sure the announcement is clear.

e Use bullet points where suitable to make the announcement more legible to the reader.

Rationale:

To make it more accessible for the reader, it is more effective to apply a single font for all the
announcements. Also, bold and/or color could be used sparingly to emphasise important
information. In terms of number of announcements, the results of this study show that students
tend to ignore reading all the information when a tutor uploads too many announcements.
Therefore, module tutors should try not to overuse it, and use bullet points and short sentences
instead of long sentences.



5.3. How to design the staff information page?

Guidelines:

e Provide detailed information (Email; Work phone; Office location; Office hours) about
yourself.

¢ Provide the same detailed information if there are other tutors and/or guest tutors.

¢ Make sure to add a professional photo of yourself and other tutors.

¢ Ideally, provide information about your field of expertise and research or scholarship
projects.

Rationale:

Based on the results of our research, a number of students expressed a wish for the module
tutor to provide their contact details such as: email address, work phone, office location and
office hours, resulting in more effective communication. In this case, when students have
questions, they can find this information quickly without having to access the
School/Department webpage to find the staff page and their contact information. Also, adding a
professional photo with detailed information about your research or scholarship was found to be
helpful for students, and it could also increase their engagement with the course being taught.

5.4. How to design the module information page?

Guidelines:

¢ Place the module handbook and a separate module schedule here.
¢ The handbook should be in pdf format.
¢ Module handbook and module schedule should be well-designed.

Rationale:

Based on the results of our research, 84% students usually log in to Blackboard VLE to check the
handbook, and some students report that locating the module handbook could be a frustrating
and difficult task due to the lack of consistency as different tutors tend to place the handbook in
different places. It would be more straightforward to place the module handbook in a place
where students would expect to find it. According to our findings, students expect to find the
handbook in the module information section. In terms of file, pdf format is advisable as it avoids
content moving out of place if students do not have the same fonts as the ones used in the
document. But, most importantly, the handbook should be well designed and aim for 100%
accessibility in the way information is structured.

5.5. How to design the learning resources page?

Guidelines:

¢ Update recycled materials before uploading them to the VLE.



e Structure lectures thematically and chronologically by folders.
¢ Label folders by week numbers and the theme of the lecture.
¢ Provide a brief description of each folder content in bullet points if needed.

Rationale:

The results from our research show that structuring the learning materials thematically and
chronologically by folders is the best design practice to organize information on the VLE. Hence,
the clear labelling of folders is essential to help students locate information easily. Furthermore,
adding a brief description of the content will provide students with enough information without
having to open the folder themselves, which in terms reduces the number of clicks and the time
needed to get to the information.

5.6. How to design the assignment page?

Guidelines:

e Have a different folder for each assignment.
¢ Label folders with the name of the assignment.
¢ Add a brief description of the assignment and use bullet points if needed.
¢ Emphasise important information by using bold or highlighted text.
¢ In each folder it is important to include:
Assignment instructions;
Examples from last year (if useful);
Marking criteria;

Rationale:

The results from the student interviews indicate that 94% of students believe that having a
description of the content in each folder is helpful for them to find the information. Also, 90% of
students think that highlighting key words in the description could make locating information
more effective. This is of great importance when it comes to assignments, because it is where
students always have more doubts and want to be absolutely sure that they are completing the
assignment as requested and by the right deadline. Therefore, adding a brief description to each
assignment folder and emphasising key information (deadline, key instructions, etc.) is very
helpful and reassuring to students.

6. Discussion and Conclusion

Difficulties and challenges in using the VLE as an effective teaching and learning tool have existed
since its origin. Problems with information accessibility and visual presentation were identified as
early as 2006 by Dyson et al. However, not enough attention has been drawn to this issue and
the same problems still exist. Until the Covid-19 pandemic, VLEs have been used more as



repositories and optional supporting tools. However, with Covid-19 hitting higher education
institutions across the world, online teaching and learning environments are no longer an option
but a real need. Moreover, the many benefits of online delivery of teaching and learning have
been finally brought to the surface out of need, and now adopted and valued by educators and
students alike. To adapt to a new and dominant online delivery, institutions have put in place
training and ongoing IT support, also looking at best practice in using the technology and
developing activities. Challenges still exist, however, for both educators and students, with
frustration now less likely to be caused by uncertainty on how to use the VLE platform to teach
and learn; but more likely to be connected to the way Information on the VLE is designed,
available and communicated to our generation of students.

With a lack of research and guidance on how information design can enhance accessibility of
course material in VLEs, the present study helps to fill in that gap. The findings of this study have
helped to produce easy to follow research-based guidance on how to best design, organize and
communicate information to students on the VLE to facilitate accessibility and prevent cognitive
overload. To this end, the Redesigned Layout developed and tested in our study can serve as an
example of good practice for situations where VLE platforms are limited in what they can offer in
terms of information visualization and interactivity, while still enabling good organization and
communication of information. These findings are more directly relevant to educators, as they
focus solely on good organization of information using available platform tools. The Ideal Layout,
on the other hand, can serve as an example of how VLEs can be further explored in terms of
interactive design and visual presentation for optimum student learning experience and
engagement, and consequently enhance student performance and success with their studies.
These findings are of great relevance to LMS developers and higher education institutions, as
well other educational institutions using Minerva or Blackboard VLE platforms or sister
platforms.

The results from the performance testing and eye-tracking measurement clearly show that
performance (measured by time and accuracy) was significantly better with the Redesigned
Layout than with the Typical Layout, and performance was also significantly better with the Ideal
Layout than with both the Typical Layout and the Redesigned Layout. Participants’ opinion also
reflected this same trend. Participants commented that information was clear and easy to
navigate with the Redesigned and Ideal Layout and the design was also more attractive and
engaging with the ideal layout. With the Typical Layout, participants felt that information was
presented in a chaotic and overwhelming manner, with accuracy dropping and the time needed
to find the information increasing.

This study also shows that data for all stages of the design and research process is similar, which
increases the reliability of the findings. Moreover, having tested new students and a high
percentage being international students, means that a design solution was successfully
developed for those who might encounter more difficulties using a VLE and studying in an
educational system that is new to them. Therefore, if a design solution is successful at this level,
it is capable of meeting the needs of the majority of users.



Another contribution that this research study makes is to provide a well-constructed
methodology where students themselves are co-creators of education having acted as
researchers, designers, end users and participants. The solutions presented in this study for a
more efficient and engaging VLE capable of enhancing user experience were investigated,
developed and tested by students, with students and for students as the ultimate end user. To
achieve an optimum result, the research and design process framework included three core
stages, as many as 8 different research methods (with 6 being user-centered) and over 170
participants (with over 130 being students). In Stage 1 — Identification — literature was reviewed;
55 modules were surveyed; 31 tutors completed a detailed online questionnaire with 51
questions; 31 students were interviewed; and 7 students representing all levels were part of a
co-design session. In Stage 2 — Integration and Development — design solutions were developed
based on the findings of Stage 1, and usability testing and iteration was conducted. In Stage 3 —
Evaluation and Validation — final outputs were tested for comparison in terms of performance
measured by time to complete the task of finding information and the accuracy of the
information found. Qualitative data was also gathered to reinforce the quantitative data and to
understand in more depth what actually works and does not work for students in a VLE platform.

This research study has therefore validated that student performance, experience, engagement
and satisfaction improve when VLE modules are well designed following research-based
information design guidelines. That is, such guidelines should be informed by user-centered
research involving students from start to finish of the research and design process, i.e., place
students as co-creators of education. Moreover, understandably tutors in higher education
institutions are very busy juggling the many responsibilities they have beyond teaching (research,
admin, knowledge transfer, etc.). It is therefore vital that higher education institutions invest in
setting up platforms and ready-made templates informed by these guidelines. It is by facilitating
the use and application of best information design practice that both tutors and students will
benefit from a conducive environment for teaching and learning excellence. Lastly, creativity and
good practice should not be limited nor dictated by technology. Technology should enable and
nurture creativity and good practice, and ways around any limitations should be pursued.

Overall, this study gives clear evidence of the power of information design in enhancing

accessibility of course material in VLEs.
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