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ABSTRACT
Digital presentations are an ideal vehicle for showcasing digitised
cultural heritage artefacts preserved in collections. This report
discusses the development of EXHIBIT, an online tool created to
integrate the upload of archival materials to such presentations.
In addition, it facilitates direct manipulation of HTML and CSS to
create templates for the exhibition, and includes a browse feature to
view, download and edit templates and exhibits others have created.
The tool was developed in iterations that focused on specific fea-
tures, and was then subjected to various user and system tests. This
report focuses on the template creator and browse components of
the system, as well as the collaboration and commenting features.

KEYWORDS
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1 INTRODUCTION
Digital archives and collections are an integral part of cultural
heritage preservation[36]. They preserve historical artefacts, often
images, drawings and transcriptions, as multimedia objects with
metadata. Metadata is additional information about the objects such
as date produced and names of contributors, intended to aid with
organising and contextualising items. An issue digital collections
face is inaccessibility to those outside of the digitisation project’s
domain. Search features, while powerful and sufficient for those
involved in the projects, often do not address cases of students,
researchers and the general public wishing to explore collection
contents – objects may be categorised by project-specific terms, for
example[9, 15, 27].

Digital exhibitions, also called digital presentations, are an ideal
medium to breach the ordinary user-expert divide, and have devel-
oped alongside digital collections and libraries since their inception[39].
Although definitions differ, the following components are cited as
must-have features of a digital exhibition: a set of digital media
objects (images, audio files, video etc.) and a logical combination
for these objects that creates a narrative, such as a common subject,
author, time period and so forth. User interaction (such as click-
ing/scrolling) is also common[20, 31]. Digital presentations allow
both the creator and those viewing to explore and better under-
stand digital collections’ contents through object placement and
examination in context.

1.1 Project context and aims
Many established tools are used to create digital presentations – in
our research, we found PowerPoint, Prezi and Google Slides to be
particularly popular, to name a few of the many tools available[38].

However, for digital presentations that contain archival material,
most of these tools require the creator to either download and
embed or copy and paste the multimedia objects into their pre-
sentations, potentially losing all the rich metadata present in their
archival state and taking up space on the creator’s computer.

EXHIBIT aims to address these issues by rolling the design aspects
of digital presentation creation and integration of archival mate-
rial into a single tool, with seamless archival upload. The Digital
Bleek and Lloyd[2] and The Five Hundred Year Archive[1] are local,
University of Cape Town affiliated examples of digital collections
doing important preservation work, and subsets of their contents
were used in the archival upload portion of this project.

Addressing difficulties in the creation of digital presentations in this
context is important to further public appreciation of and interest
in cultural heritage artefacts, a key objective of the field of cultural
heritage preservation[35].

1.2 Solution outline
EXHIBIT is an online tool for the creation and showcasing of dig-
ital presentations containing cultural heritage artefacts. The tool
is intended for professionals in GLAM sectors (galleries, libraries,
archives and museums), referred to in this paper as the "expert"
demographic/"(domain) expert users", who have knowledge of col-
lection contents but not necessarily experience with markup and
styling, as well as users who may have no domain knowledge (re-
ferred to as "ordinary" users). The system consists of three main
components: the template creator, where users design the layout
and style of their exhibition; the population stage, where users up-
load local and/or archival material into the templates they created;
and the browse page, where users can view and edit existing tem-
plates and exhibits. In addition, the following features are available:
collaboration, which allows users to edit templates and exhibits
where the creator has defined them as a collaborator; commenting,
which allows users to leave comments on templates and exhibits via
the browse page; and downloading. Users may download exhibits
and templates as HTML or PDF files.

This paper focuses on the components and features developed by
the author, namely the template editor and browse components,
and collaboration and commenting features.

1.3 Report structure
Section 2 provides an overview of the literature on digital exhibi-
tions. Section 3 describes the design stage, including requirements
gathering that informed prototype design, and Section 4 discusses
implementation details. Software and usability testing is discussed
in Section 5. Conclusions regarding the project are then made in



Section 6 and Section 7 concludes the paper with a discussion of
future work.

2 BACKGROUND ON DIGITAL EXHIBITIONS
We began the project by researching existing digital presentation
tools. The scope of this literature review was limited to tools with
some connection to archival material, such as dedicated exhibition
features of digital library tools and content management systems,
or those not explicitly designed for such digital presentations but
nevertheless commonly used for this purpose. We avoided well-
known slide-oriented tools such as PowerPoint and Google Slides.

2.1 Integrated/dedicated exhibition services
Since the showcasing of contents is a important aspect of cultural
heritage preservation, many toolkits for creating digital libraries
contain software to create exhibitions out of the box.

2.1.1 Omeka. Omeka is a content management system (CMS) for
digital collections, marketing itself to the cultural heritage field
in particular[21]. Omeka comes in two versions: Omeka.org is
the locally hosted, open source package and Omeka.net is a paid,
account-based service that provides Web hosting and administra-
tive support. In addition to user-friendly upload of artefacts and
metadata logging, both versions provide tools to create digital exhi-
bitions, referred to within Omeka as exhibition sites. These sites
are based on default templates and themes, to minimise setup time,
and therefore require some knowledge of HTML and CSS to modify
if a user requires significant changes.

2.1.2 MOVIO (MOstre VIrtuali Online). Another CMS-based exhi-
bition tool, MOVIO offers a path-oriented approach to digital exhibi-
tions. The toolkit was developed as part of the AthenaPlus project to
showcase the Europeana cultural heritage collection[20]. MOVIO’s
CMS enables the archive to import and catalogue resources in a
manner adhering to the Dublin Core metadata model[29], while
the Ontology Builder component allows creation of thematic paths.
The tool defines digital objects as entities linked to other objects via
relationships, allowing users to place these entities in a workspace
and create logical paths connecting them[30]. The path may then
be represented as is or located in relation to a timeline or a map.
The Storyteller tool incorporates a “narration line”, which may
contain additional media objects, actual voice narration and user
interaction elements. Each narration item has a permalink to be
quoted or shared by an exhibition viewer. The MOVIO APP and
MOVIO HUB provide access to the catalogue of exhibitions.

2.2 Re-purposed tools
Like popular slide-oriented tools, software developed for alterna-
tive purposes has long been used to create digital exhibitions [39].
While they occasionally lack metadata standards for multimedia
objects, features like easy sharing, commenting and collaboration
and familiar interfaces for these contribute to their popularity[8].
Website and blog-building tools are notable examples.

2.2.1 Wordpress. WordPress is a contentmanagement system (CMS)
known primarily for its blog-publishing capabilities[23]. LikeOmeka,

WordPress comes in two versions:Wordpress.com – the hosted blog-
ging service – and Wordpress.org – blogging software that can be
downloaded and locally hosted.

While WordPress does not adhere to any GLAM metadata stan-
dards out of the box[23], the Scriblio plug-in mitigates this by
allowing data to be structured according to the Dublin Core meta-
data standard for better searching and browsing, and allows for
basic exhibition creation using hyperlinks[8].

2.3 Innovative tools and the future of digital
exhibitions

2.3.1 Virtual exhibitions. While also occasionally used as a term
for digital exhibitions as defined earlier, the Digital Exhibitions
Working Group uses the term "virtual exhibitions" to refer strictly
to digital exhibitions that seek to mimic their real life counterparts
by incorporating 3D, virtual reality (VR) and augmented reality
(AR) technology[20]. ARCO (Architecture for Digitization, Manage-
ment and Presentation of Virtual Exhibitions)[43] and ViMEDEAS
(Virtual Museum Exhibition Designer using an Enhanced ARCO
Standard)[7] are two such examples. They are designed primarily
for museums and galleries looking to digitise their physical collec-
tions. Their toolkits therefore include image-processing software
for creating 3D models of artefacts, content management tools and
visualisation tools for staging VR and AR exhibitions.

Themove towards improving immersive quality of digital exhibitions[17]
has resulted in even the more standard digital presentation software
beginning to incorporate 3D, VR and AR; Omeka, for example, now
offers the Omeka Everywhere suite for integration of touchscreen
tables with in-museum digital presentations[22].

2.4 Influence on system design
Areas of interest emerged from investigating the above tools. The
seamless integration of multimedia uploads provided by dedicated
and integrated tools was onewe aimed to emulate for the population
stage of the system. For template editing, the direct manipulation
aspects of tools such as MOVIO proved ideal to address cases of
users not familiar with markup. Style customisation was also a
recurring feature, which was identified as important to implement
in the template editing phase, again with the option of easy-to-use
manipulators (such as range selectors) that reflect changes visually.
Since tools like MOVIO were feature-heavy for our purposes, we
mainly drew inspiration from their intuitive user-interaction style.
As stated in both MOVIO’s[28]and Omeka’s[37] documentation,
the user interface and (UI) and user experience (UX) considera-
tions were designed to engage users and prompt them to explore
categories of artefacts they might not initially be interested in, ef-
fectively showcasing cultural heritage artefacts, in line with the
aims of cultural heritage preservation research.

3 DESIGN
After background research, we commenced research with users
from our target demographics to inform system design. After fi-
nalising architecture and general system design, we executed pro-
totype design in an iterative process that produced prototypes of
increasing fidelity to the final implementation. These prototypes
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were tested or analysed with users/evaluators where possible to
improve them and refine features.

3.1 Requirements gathering
This project was conducted entirely under the lockdown restric-
tions necessitated by the COVID-19 pandemic. As a result, all our
user interaction was conducted online, via messaging tools, emails,
Google surveys and video-conferencing platforms.

The requirements gathering Google survey was circulated amongst
employees of the Iziko museum, people involved in the archival
projects mentioned in Section 1.1 and UCT students. We received
5 responses. Demographics questions were asked to establish the
population the participant fell into and revealed that 3 users from
the expert category and 2 students answered our survey. Follow-
ing that, to determine the usefulness of the tool we intended to
create, participants were asked for their estimate of the number
and frequency of presentations – strictly containing cultural her-
itage/archival material – they made. They were also questioned
about tools (software or otherwise) that they used to create pre-
sentations. All answered that they used solely software tools and
not stationery to create these presentations. We also asked about
digital presentation tools they were familiar with, PowerPoint and
Google Slides proving popular amongst the expert demographic in
particular.

To assist with the design of the browse feature, we inquired about
which websites/methods participants used to view others’ digital
presentations. Most answered that they only viewed presentations
when colleagues presented them, but a few respondents expressed
familiarity with presentation marketplaces such as Slideshare[3].

Our closing questions were on specific features they use in existing
presentation tools, and those which they do not have access to
but would like to see in a digital presentation tool. Features com-
monly used included styling of elements, especially colour and size,
deleting, copy-paste, undo/redo and group ("lasso") select.

The responses informed the refinement of a minimum feature set,
and the paper prototypes we had already begun work on were
adjusted accordingly.

3.2 Non-functional requirements
Non-functional requirements were devised based on responses to
the survey and according to the aims of the project. They included
the following:

3.2.1 Security. Although user account and authentication system
was not a focus of project, sensible constraints on editing of tem-
plates – e.g. only the creator and collaborators are allowed to edit –
should be enforced.

3.2.2 Usability. The system’s interfaces should be intuitive, easy
to learn and allow users to identify and correct errors.

3.3 System architecture
EXHIBIT is a dynamic Web application, and has a typical Web ap-
plication architecture comprised of the following layers (also called
components): browser layer, application logic layer, data access

layer and database layer. A high-level view of the system archi-
tecture is shown in Figure 1, with only the author’s components
represented in each layer.

3.3.1 Browser layer. The browser layer handles layout and display
of HTML documents. Since all modern browsers, notably Chrome,
Firefox, Safari and Edge, conform to the HTML5 standard[41], these
are the browsers we decided to support.

3.3.2 Application logic layer. For the system as a whole, this layer
concerned the logic of the template creation, population and browse
components, as well as the commenting, collaboration and down-
load features.

3.3.3 Data access layer. This layer exists to enable interaction with
data stored on the server at a high level.

3.3.4 Database layer. This section was divided into three areas
of interest. Most importantly, templates and exhibit objects are
stored along with their metadata. The database of archival material
and metadata also formed part of this layer. Finally, basic user
information formed a user database to facilitate the collaboration
feature.

Figure 1: High level view of the system architecture

3.4 Design artefacts
Unified Modeling Language (UML) diagrams were devised based on
the requirements gathered, in order to clarify and document system
structure and behaviour between team members. Artefacts relevant
to the author’s work are included in Figure 2: the activity diagram
models the basic behaviour of the template editing component and
the use case diagram highlights the most important interactions
with the browse page.

3.5 Prototyping
3.5.1 Paper prototyping. Initial prototyping was done using sta-
tionery (see Figure 3). Low fidelity prototypes were used to gain
more accurate feedback on intended functionality and interface,
rather than superficial aesthetics[33]. User interaction was simu-
lated using movable parts, for example a viewing cutout for the
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Figure 2: UML activity diagram (top) and use case diagram
(bottom) for relevant system components

template in the carousel. The prototypes were evaluated by three
computer science honours students. Since a traditional in-person
"Wizard of Oz" study was not possible, the participants were shown
a live feed of the interface and relayed actions they would have
taken to the interviewer, who then carried out the actions. Verbal
descriptions of system actions were provided if the video feed was
not clear or there was a delay.

Figure 3: Screenshots of template editor (top) and browse
page (bottom) prototype

Figure 4: Screenshot of Adobe XD prototype and transitions

Notable feedback on the template editing prototype was lack of
clarity about the resize functionality – participants declared styling
actions they would take (e.g. "I use the edit menu to change the
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background colour to blue"), and indicated that they would drag
the elements to change their position, but none assumed that this
direct manipulation extended to resize by drag. Users were also not
clear on the distinction between image and textbox placeholders
after they had been added. The default shapes upon adding were
different (square for image vs rectangle for textbox), but this was
not sufficiently clear – as one participant pointed out, this would
be irrelevant if they styled the elements to be the same size.

The main feedback for the browse page was that participants ex-
pressed a desire for a filtering tool, and they considered browsing
carousels to be cumbersome.

3.5.2 Digital prototyping. A digital prototype for the entire system
was created using Adobe XD[4], which allows transitions to be
incorporated as seen in Figure 4. The purpose of this prototype
was to provide a blueprint for initial software implementation.
Adjustments were made to the system functionality and interface
based on feedback from the paper prototype evaluation. For the
template editor, to clearly communicate that elements can be resized
by dragging, handles were added to resizable elements. For the
browse page, the display model was changed from the carousel to a
card system, with each template and exhibit represented by a card.
Filtering features were also added.

4 IMPLEMENTATION
4.1 Software development methodology
4.1.1 Agile. As in the prototyping stage of design, an iterative
approach to development was adopted. In particular, the Agile
development methodology[6] informed our work in this stage. We
decided to forego a specific Agile framework such as Scrum, to
avoid strict roles and procedures that were unsuitable for a small
team and the short duration of the project. However, we adhered
to the following core Agile principles:

• Prioritisation of individuals and interactions over processes
and tools: Users were prioritised from the project’s inception
by modeling prototypes on requirements gathering and testing
feedback. Weekly meetings were held with our supervisor to
monitor progress and receive feedback.

• Prioritisation of working software over comprehensive docu-
mentation: After the design stage, documentation focused on
code commenting and existing documentation adjustments (to
flow diagrams, etc.) rather than the production of new docu-
ments. To ensure working code, early development included
sanity checks through the use of Chrome Developer Tools and
print statements, then, as functionality increased, unit tests and
more comprehensive software tests.

• Responding to change: Throughout the process, we updated
functionality, system models and documentation (such as flow
diagrams) based on user evaluation. Concerning the project
lifecycle, we adjusted estimates of development time per feature
to maximise efficiency. It was also necessary to update our
schedules around deliverable due date changes, which were
frequent due to the pandemic.

• Iterative and incremental development: Development was split
into three iterations, with features added at each iteration. Sec-
tion 4.1.2 provides further detail.

4.1.2 Feature-driven development. After a minimum feature list
was consolidated, a subset was allocated to each group member. The
author was assigned the template editing and browse components,
as well as commenting and collaboration features. As mentioned,
development on these features occurred incrementally.

The first stage of development produced a basic template editor
with add features andminimal styling, and a save feature that stored
the template by a title and creator entered into a dialog box. The
browse page was hardcoded with dummy exhibits to work purely
on the user interface and title filtering.

The second stage introduced a control panel, and more template and
element styling and Commenting functionality was added to the
browse page. The bulk of integration work with the team member
in charge of exhibit population occurred in this stage as well.

The last stage focused on collaboration features and drew on feed-
back after user testing to improve the user interface of both the
template editor and browse page.

4.2 Technology, programming languages and
environment

HTML and CSS were used for layouts and styling of each compo-
nent of the system. The Bootstrap CSS framework[40] was used for
consistent styling. Client-side scripting uses JavaScript and JQuery,
a JavaScript library designed to simplify event-handling and com-
munication with the server via AJAX (Asynchronous JavaScript
And XML) calls[24]. JavaScript was chosen as it is an established
Web page scripting language that is supported by all target browsers[42].

AJAX calls are used to request and receive information from the
server. Conforming to our data structure, the system mostly ex-
changes data in the JSON (JavaScript Object Notation) format.

OurWeb server is an ApacheHTTP Server[16], installed on anAma-
zon Web Services Elastic Cloud instance[5] – a virtual computer
running the Ubuntu operating system. The Common Gateway In-
terface (CGI) protocol[19] was chosen to execute server-side scripts
that generate the application’s pages. CGI was chosen since it is
an established, simple protocol – being a short project, this min-
imised setup and learning time which would have been required
for Web frameworks such as Django and Flask. Server-side scripts
were written in Python, chosen mainly for its familiarity to group
members. Python also has built-in JSON and CGI modules.

Our data layer consisted of JSON files, bypassing time and server
space issues of setting up a traditional database. This structure
also suited Agile development as as no strict data model was re-
quired upfront. The template and exhibit JSON files have a flattened
structure to separate their contents (for example, element styling
information for a template) and metadata needed for the browser
cards.

For version control, both project developers used Git locally and
Github to integrate their components.
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4.3 Selected system component and feature
details

The subset of the system components and features developed as an
outcome of the author’s project are detailed below.

4.3.1 Landing page and user authentication. This page outlines
the main features of the system and provides the basic user au-
thentication features used by all components. The login/sign up
button launches a modal dialog box for credential entry, as seen
in Figure 5. Minimal user information is needed: only a unique,
non-empty username and non-empty password is required to set
up an account. A user account is not required to create a template
or exhibit – those who choose not to interact with the system via
an account have their templates and exhibits attributed to "Anony-
mous user" to prevent cases of duplicate usernames in the browse
stage. User authentication occurs via an AJAX GET request to a
Python authentication class on the server, which checks the user
credentials and sends back an appropriate response based on the
outcome of the attempted verification (un/successful register or
in/correct credentials). This response is displayed to the user and
the modal dialog box is closed. Once successfully authenticated
(valid login/sign up case), an HTTP cookie is used to store the
username. The cookie is cleared upon logout or new sign in.

4.3.2 Template Editor and collaboration. The template editor (Fig-
ure 6) can be accessed in two modes: a "new template" or "edit"
mode. Calls to the Python edit module result in the same basic
layout of control panel, edit menu and a blank workspace to be
populated with image and textbox placeholders. If the context is
determined to be the "new template" mode, a title placeholder is also
added. In "edit" mode, the existing template, including last-saved
styles for the template and individual elements, are loaded into the
workspace after an AJAX call to the Python module that handles
access to the JSON templates file.

The left hand side of the control panel contains template-wide style
controls such as template background colour. It also has a system
status/navigation bar that shows login status and allows the user
to navigate to other system pages. The right hand side displays
template control options such as saving the template, rendering the
template – displaying template sans element background images,
handles, etc. – and an option to move into the template population
stage. It also includes a help button which brings up an instruction
panel of possible actions, illustrated by GIFs.

The edit menu (Figure 7) contains controls for styling a selected
textbox or image. Options include element dimensions, border
colour and width and background colour (textbox elements only).
Where applicable, both direct manipulation options and fields for
exact values were provided, with submissions for the fields finalised
by buttons or pressing the enter key.

Saving attributes the template to the logged in user, if one exists.
Users may save templates by any name they wish, but logged in
users are warned if they already have a template of that name. For
new templates, users are presented only with the save option as
seen in Figure 6. Once a template has been saved, it can be updated
by any user with collaboration permissions defined by the original
creator, except templates attributed to anonymous users, whichmay

Figure 5: Home page (top) and user authentication dialog
(bottom)

Figure 6: Screenshot of the template editor in "edit" mode
(top) and the save dialog box (bottom)

be edited by anyone. An AJAX call to the data access Pythonmodule
logs the template’s contents and metadata (date, cover image, etc.)
to the templates JSON file. Cover image metadata is the filepath of
where the image is stored, including cache breakers to ensure that
they are loaded from the server each time in the browser page – in
prototype testing, users expressed frustration with not seeing their
updates immediately reflected in cover images for caching reasons.
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Figure 7: A subset of edit menu options

Collaborators are defined at the save stage – users are presented
with a list of registered users to choose from.

4.3.3 Browse page and associated features. The browse page (Fig-
ure 8) uses cards to display templates and exhibits created by all
users. Both exhibit and template cards present an overview of the
contents –title, creator, last-updated date and an image. For ex-
hibits, it is a cover image chosen by the user and for templates
a screenshot taken upon saving, to suggest how it could be used
without opening to edit. A user can populate any existing template
at this stage via the populate button and open any existing tem-
plate for editing (as mentioned, saving these edits then depends
on permissions). Comments can be left by any system users (no
login required) and can be viewed on the "back" of each card – a
click on the comments button initiates a horizontal "flip" animation
that displays comments left on that template or exhibit, as seen by
the two "sides" of the card in Figure 8. This interaction model was
used to best leverage limited space for each template/exhibit. The
refresh button reloads the page to display any exhibits/templates
added since the last load. This reload is achieved by an AJAX GET
request to the database access module.

Filtering of templates and exhibits can be done via name tags, im-
plemented via the Taggle.js[10] library, or title search, which uses
simple JQuery filtering commands. The name tag field allows users
to type directly or delete any tags, and clicking on card name links
has the same effect as deleting every tag but that name.

5 TESTING
Post development stage 2, we began user acceptance testing and
usability testing. As in the requirements gathering stage, all user
interaction occurred via Google surveys and video-conferencing.

5.1 Software testing
5.1.1 Unit testing and ad-hoc testing. To ensure functionality of the
system, ad-hoc testing and unit testing was conducted throughout
the development cycle. The behaviour-driven testing framework
Jasmine[25] was used for JavaScript and the built-in module unittest
was used for Python code. For the template editor, unit tests were
essential to checking the functionality of the style manipulating
functions. Unit tests of the Python code involved checking the
CRUD (create, read, update, delete) functionality for our JSON file
databases.

Figure 8: Screenshot of the browse page (top) and comment-
ing functionality (bottom)

5.1.2 Browser compatibility testing. A key concern forWeb applica-
tions is maintaining functionality across different browsers, as they
may conform to different standards regarding markup and styling.
Modern browsers all support HTML5[41], but even between the
most popular browsers, there are differences in the way Cascading
Style Sheets (CSS) – specifically shorthand and transformations –
are handled. We used the free tier of online tool LambdaTest[26] to
obtain user interface screenshots of the various EXHIBIT pages and
simulate real time site access, for each of the target browsers. We
did this for the latest two versions per browser. We also enquired
about users’ browser and version during usability testing to check
this against any bugs they reported.

We discovered some bugs in the template editing stage pertaining
to the style editing for Firefox: border widths and padding reverted
to defaults once rendered or taken to the population stage. This
was corrected by using full CSS attribute definitions, for example
"border-width-top", "border-width-bottom", etc. as opposed to a
single border value as some versions of Firefox do not support
shorthand. Using LambdaTest with Firefox and Safari also allowed
us to correct an issue with the card flip animation by using vendor
specific extensions "-webkit-" and "-ms-" for the transform CSS
properties.

5.1.3 System testing. Load and stress testing was not considered a
priority for this system. Our system performance tests were there-
fore limited to latency and average load time. We used the online
tool Dareboost[11] to measure performance in these categories. The
website gave our load speed an above average rating and allowed us
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to identify issues impacting load speed, such as limiting the length
of inline scripts.

5.2 Discount usability testing
As there was a delay in obtaining permission to interview UCT
staff, we used this time to conduct a heuristic evaluation on the
software prototype we had developed.

5.2.1 User selection. The three students who evaluated our paper
prototypes were again contacted.

5.2.2 Procedure. The evaluation was carried out via a Google form.
Evaluators were provided with a link to the system homepage and a
list of Nielsen’s 10 Usability Heuristics[32]. Evaluators were asked
to consider the components created by the teammembers separately.
A field was provided for each heuristic and they were asked to note
any violations they found, as well as classifying these problems
with a severity rating according to Table 1. They were also provided
with fields to give general comments.

5.2.3 Results. Feedback from evaluators concerning the author’s
components are listed by heuristic below.

• Visibility of system status: Two of the evaluators felt that the
log in status was not effectively communicated by alerts only.
One suggested that a "status message" should be present on
all pages, showing the username of the person logged in. This
problem was given a severity score of 2 by both evaluators.
Progress for saving of templates was a more severe issue, with
all three evaluators agreeing that either a progress bar or load-
ing animation should be incorporated. This was marked as a
high priority issue to fix – one evaluator commented that they
were "frustrated" by the saving system.

• Match between system and the real world: No usability prob-
lems were identified under this category. One evaluator re-
marked that the card flip to show comments was a "decent"
match for a real world card, albeit "a bit cute/gimmicky".

• User control and freedom: Evaluators commented positively on
the ability to change element styles via multiple methods in the
template editing stage. Two of the evaluators felt that the set
shapes of image and textboxes was restrictive, and suggested
adding additional shapes – this was given a severity rating of 1
and 2 by the evaluators in question. While not identifying it as a

Table 1: Usability problem severity ratings

Rating Meaning
0 Not a usability problem for this system/in this

context
1 A cosmetic problem, need only be fixed if there

is time at the end of the project
2 A minor usability problem which should be

given low priority
3 A major usability problem, high priority to fix
4 A critical usability issue which is imperative to

fix this before the product can be released

usability problem, the third evaluator suggested incorporating
more styling options, such as rotation.

• Consistency and standards: One evaluator commented that the
lack of symbols in the template editing stage was notable once
they visited the browse page. They gave this problem a severity
rating of 2. The other evaluators did not identify any usability
problems in this category. One commented positively on the
"clean" interface and its consistent style, which was achieved by
using Bootstrap and adhering to Material Design[18] standards
where possible.

• Error prevention: Two of the evaluators found no usability prob-
lems here. The third said they would have liked a confirmation
dialog before saving or updating a template, as they mistakenly
clicked "update" instead of "save new" and this overwrote their
old template. The evaluator considered this a serious problem,
with a rating of 3.

• Recognition rather than recall: No usability issues were re-
ported in this category. One evaluator commented that the
"hover labels" (Bootstrap tooltips) for the buttons were useful
for anyone who did not understand the icons chosen, although
the icons were "pretty standard". Another evaluator felt that
the background images for the elements in the template editor
were an effective way to remind the user of the element type
they had added.

• Flexibility and efficiency of use: No usability problems were
identified. Evaluators commented positively on the key bind-
ings as an alternative to buttons for element styling, although
one warned that some users may not appreciate the enter key
corresponding to comment submission on the browse page, as
it limits comments to single lines. However, they noted that
this is "personal choice" and did not consider it a usability issue.

• Aesthetic and minimalist design: None of the evaluators re-
ported usability problems in this category, however one com-
mented that the unauthorised alert when attempting to edit
templates was "a bit long".

• Help users recognize, diagnose and recover from errors: Evalu-
tors commented that the undo/redo functionality for the tem-
plate editor was useful. One evaluator encountered a server
error and commented that the alert was not helpful as it merely
communicated an error but gave no indication of what exactly
went wrong or what to do next. They gave this issue a severity
rating of 4.

• Help and documentation: All three evaluators remarked that
documentation was lacking, particularly at the template editing
stage, and suggested a help button or dedicated instructions
page. Two of the evaluators gave this a severity rating of 3 and
the other a 4.

5.2.4 Discussion. Although not as rigorous as a traditional usabil-
ity evaluation, this testing exercise gave us the opportunity to fix
critical issues before testing with real users. We implemented many
of their suggestions, including help and instructions via dialogs
with demonstration GIFs, progress animations for saving, and more
descriptive error messages.
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A notable limitation to the results of this evaluation is that our
familiarity with the evaluators may have created bias, leading to
more favourable feedback.

5.3 Acceptance testing
5.3.1 Procedure. Developers conducted acceptance testing to check
the system’s compliance with functional requirements prior to con-
tacting expert users. A functionality checklist functioned as the
basis for a cognitive walkthrough of of the system.

5.3.2 Results. Results of the evaluation pertaining to the author’s
components of the system are summarised in Table 2.

Table 2: Acceptance Testing results

Functionality Result
Landing page

Registered user is able to sign in PASS
New user is able to register PASS

Template editor
Adding image PASS
Adding textbox PASS
Styling an element (all options tested) PASS
Changing template background colour PASS
Changing number of pages PASS
Saving a template (new template mode) PASS
Saving a template (as new, from an existing template) PASS
Only a user with collaboration permissions may update
a template

PASS

Browse page
Filter by adding or removing name tags in input field PASS
Filter by title search PASS
Filter by clicking name link PASS
View comments PASS
Leave a comment PASS

5.4 Real-user usability testing
5.4.1 User selection. We contacted 12 participants, from two user
groups: university students not affiliatedwith anyGLAMprofession
and cultural heritage professionals. 6 responses from university
students were recorded. Of the 6 in the expert group, there were 2
researchers, a digital content manager, a curator, a historiographer
and an administrator for a digital library project. The mix of domain
expert and "ordinary" users was intended to reflect target user
demographics. A subset of 5 respondents also agreed to video-
conferencing interviews (see section 5.4.2), a group of 3 expert
users and 2 students.

5.4.2 Procedure. The usability survey was conducted via Google
Forms. Potential participants were first presented with a consent
form which they were required to "sign" (enter their name in a
field) before proceeding. Participants were then given a set of tasks
to complete, where each task represented a typical use case de-
vised in the design stage. Tasks were divided into sections for each
component of the system. For the template editor, these tasks in-
cluded adding at least one image and textbox placeholder, styling

the elements and saving the template. The browse page tasks were
instructions to filter templates and exhibits on arbitrary characteris-
tics to encourage users to explore the various filtering mechanisms.

After completing the tasks, the evaluation section of the survey
asked participants to answer a System Usability Scale questionnaire.
We decided on the alternating scales format of the questionnaire,
meaning odd-numbered questions were scored with 1 correspond-
ing to "strongly disagree" and 5 corresponding to "strongly agree"
and the even questions following the opposite scale. This is in-
tended to limit acquiescence bias, where respondents tend to select
a positive response option disproportionately more frequently[14].

The final part of the survey asked the participant to enter their
email address if they were willing to be contacted for a follow-up
video-conferencing interview about the usability of the system.
Excluding the informed consent procedure, the interviews followed
a similar structure to the survey. While one team member acted as
the instructor reading the tasks and questions, the other recorded
the user’s comments. The usability questionnaire portion of the
interview asked the same questions, on a strictly positive scale this
time, with the instructor encouraging them to elaborate on their
score for each question. These sessions served mainly to gain more
qualitative feedback, such as asking users to elaborate on specific
adjectives they used to describe components of the system. The
sessions were not recorded.

5.4.3 Results. Results of the Google survey are shown in Figure 9.
Each question’s average score is shown, with standard deviation
represented by black lines. The questions are listed below for refer-
ence. The full questionnaires and anonymised raw scores can be
found on the project website.

SUS QUESTIONS:

(1) I think that I would like to use this system frequently.

(2) I found the system unnecessarily complex.

(3) I thought the system was easy to use.

(4) I think I would need the support of a technical person to be
able to use this system.

(5) I found the various functions in this systemwerewell-integrated.

(6) I thought there was too much inconsistency in this system.

(7) I would imagine that most people would learn to use this system
very quickly.

(8) I found the system very cumbersome to use.

(9) I felt very confident using the system.

(10) I needed to learn a lot of things before I could get going with
this system.

5.4.4 Discussion. The system received a slightly above average
score of 3.25 for usefulness (question 1), with most students re-
sponding neutrally (3) and most expert users responding positively
with scores of 4 and 5. Questions related to ease of use (questions
2, 3, 4, and 8) were more positive, with all receiving average scores
above 3.4, indicating that users agreed with positive statements
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Figure 9: Bar graph showing SystemUsability Scale question-
naire results

regarding the system’s ease of use and disagreed with negative
statements. In particular, the average score of 4.3 for question 4
indicated that most users felt the system was not biased towards
people with technical experience. The system received high average
scores for question 7 and 10 (4.5 and 4, respectively), indicating
that the system had a shallow learning curve. Finally, the system
received above average scores for questions 5, 6 and 9, relating to
satisfaction with the system.

User interviews largely echoed these results. All interviewees elab-
orated on feedback we singled out for clarification, and some also
motivated their SUS scores, such as detailing the parts of the system
they felt was "cumbersome" for question 8. Expert users provided
clarity on their answers regarding usefulness of the system by
describing how it would be used in their daily interaction with
archival multimedia objects. Some interviewees also gave feedback
they had not mentioned in the survey. For example, one intervie-
wee, during a discussion of the download options, mentioned that
they would consider an image download option useful.

Limitations that must be noted for this testing stage pertain to the
survey procedure. Firstly, our choice of the SUS questionnaire has
well-known drawbacks, including the wording of questions being
unsuitable for non-English home language speakers[13]. Addition-
ally, our choice of alternating scales may have been confusing and
resulted in misleading results – we attempted to mitigate this by
including instructions that informed users of scales, in bold text,
but we cannot be sure all users noted this. Video conferencing
results suggest that users interpreted it correctly, but only a sub-
set of Google survey respondents were interviewed so this is not
guaranteed.

We also note the limitations of our interview procedure: rigorous
usability tests are usually conducted in conditions that limit distrac-
tions and outside influence, but there was no way to guarantee this
via video-conferencing. Although the video-conferencing provided
some non-verbal feedback to the system, we also experienced some

delays and spells of poor quality due to variable Internet connection
strength.

6 CONCLUSIONS
The project aimed to create an online tool for creating digital ex-
hibitions that allowed customisation of styles, integrated archival
uploads and a space to view other system users’ creations. This
paper outlines the development of the template creation and browse
components, as well as commenting and collaboration function-
ality, of a Web application intended to meet these requirements.
System testing verified that functional requirements were met. Non-
functional requirements such as accessibility to non-technical users
were assessed by usability and heuristic evaluations. 15 participants
were involved in these evaluations, with representatives from both
expert and non-expert groups. Results suggest that the system satis-
fied non-functional requirements, with generally positive feedback
regarding learnability and accessibility in particular.

However, the unique circumstances of the pandemic must be taken
into account when considering the results of user testing, as usual
conditions to ensure integrity of the evaluations could not be met.

7 FUTUREWORK
7.1 Template editor
Asmentioned by users in the testing stage, more editing options can
be included, such as different shapes for image and text placeholders,
custom textures and border images.

An alternative design of the template editing stage, for example
relegating the control panel to a hamburger menu only available on
demand, would result in a better mobile experience that maximises
the space for template elements.

7.2 Browse page
Support for different languages or translate features would be help-
ful to assist non-English language speakers, and could be achieved
via integration of open source translation software such asOmegaT[34].

7.3 General
The account system could be more robust, perhaps integrating
external user authentication such as the Google Identity Toolkit[12]
instead of custom accounts. An additional "My account" page would
then offer a logged in user view of the browse page, with only their
templates and exhibits, and viewing statistics could also be shown
here.
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