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ABSTRACT

This paper outlines the methodology, design, and analysis and
evaluation of a dynamic Milk Matters mobile application.
Through a process of co-design, adapted due to COVID-19
pandemic, we gained a wholistic view of the milk donation
process and the nuances of the donor experience. We aimed to
support breast milk donors with a mobile application containing
up-to-date content, features that support donor tasks, and which
enable increased interaction and communication with Milk
Matters. Through this we hope to support their donation journey,
leading to an increase in the number of donors and ultimately an
increased availability of donor breast milk. The paper also
explores the context of co-design with breastfeeding mothers
during a pandemic and developing software with an NPO.

CCS CONCEPTS

* Dynamic and static content * Database * Cloud Technologies
* User Experience * Co-Design * Mobile Application Design

KEYWORDS

Co-Design, Breast Milk Donation, Flutter, Human Computer
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1 Introduction

In 2016, two UCT students studying towards their honours degree
in Computer Science undertook a project to develop an Android®
application for Milk Matters 2 , anon-profit, human milk
bank based in Cape Town [15]. Their goal was to develop an
application which improved the motivation of milk donors to
donate milk. The application was fully designed and developed in
collaboration with donor mothers and Milk Matters staff. While
the project was a success, its long-term impact was reduced by the
application’s static nature, ultimately being removed from the
Google Play Store due to its out-of-date content.

This year, my research partners and |aimed to redevelop and
improve the old Milk Matters application. Our primary goals were
to replicate and improve the primary functionality created
by Wardle et al. [28, 29] and allow Milk Matters to manage and
update the content presented on the new, ‘dynamic’, Cross-

* https://www.android.com/
2 www.milkmatters.org

platform (available on both Android and iOS® devices) mobile
application. In addition to the mobile application a Milk Matters
web-app was to be developed for managing the application’s
content, as well as a back-end system for data storage and to act as
an intermediary between the donor application and Milk Matters
web-app.

To develop a mobile application that remained aligned with our
stakeholder’s goals and intentions the team followed a co-design
approach — involving both Milk Matters staff and donor research
participants throughout the development process [7]. We
conducted a three-stage interview and development process in
collaboration with both Milk Matters and our donor participants,
allowing each stage to inform and lead development. The three
stages took us through an introductory and exploratory session
with donor participants, followed by a prototype evaluation and a
final evaluation of the developed application reviewed by the
donor participants and Milk Matters.

We had to adapt our co-design and project management
approaches to work within the constraints of the COVID-19
pandemic. All interactions with both Milk Matters and our donor
participants had to be conducted remotely via Jitsi4. This included
meetings, interviews and prototype and final application
evaluations. In addition to interactions with our participants,
internal team communications also had to be adjusted to
accommodate for social distancing protocols.

This project is significant on several levels. First and
foremost, the mobile application and supporting systems aim
to aid communication and interaction between Milk Matters and
their donors. Through this, we intend to increase awareness on the
importance of milk donation and milk banks, ultimately
increasing the number of milk donors in Cape Town. By
technologically assisting the donor experience we aim to
improve donor motivation and self-efficacy. Finally, this project
provides motivation and inspiration for other NPO’s who wish to
improve their digital presence. By developing a dynamic mobile
application and supporting systems, within a limited timeframe
with minimal financial capital and operating costs, this project
acts as a scaffold for the development of similar systems.

3 https://www.apple.com/ios
4 https://meet.jit.si/



October, 2020, Cape Town, Western Cape, South Africa

2 Background

2.1 Milk Banks and Breast Milk Donation

The benefits of feeding infants with human breast milk have been
studied extensively with the consensus that it is the recommended
way of supporting the growth and health of infants, especially
those born prematurely [1, 30]. Apart from improving feeding
tolerance, it has beneficial effects on cardiovascular health,
immune system development, and prevents Necrotising
Enterocolitis - a concern when formula feeding preterm infants [1,
5].

Milk banks play an integral role in providing donor milk, with the
vast majority feeding critically ill or preterm infants cared for in
Neonatal Intensive Care Units (NICUs) [13]. Acting as an
intermediary between donors and recipients, milk banks ensure
the safety of the donated milk. This is of utmost importance due to
the potentially deadly implications of providing tainted breast
milk to at-risk infants [1]. This involves rigorous screening of
donors and the preparation of donated milk (pasteurisation and
fortification) to maintain microbial safety and to ensure the
absence of any chemical pollutants [1]. In addition, milk banks are
also a primary creator of educational resources to encourage new
mothers to become milk donors [22].

2.2 Milk Matters

Milk Matters is a community-based breast milk bank in Cape
Town [15]. They manage the pasteurisation and distribution of
donations from screened milk donors to premature, ill, and
vulnerable infants whose mothers are unable to produce the
necessary breast milk.

Potential donors become involved by word-of-mouth and
advertising in clinics and hospitals, however social media is
playing an increasingly important role where most communication
and news updates happen over email, Facebook® and WhatsApp®.
Prospective donors need to complete a screening process before
they can become registered donors and start collecting their
expressed milk. Once they have collected enough frozen
expressed milk, they can drop their donations off at a depot —
usually a pharmacy or clinic - which collects and holds frozen
milk donations until Milk Matters can collect them.

3 Related Work

3.1 Breast Milk Donor Motivations

Several authors have identified motivators for breast milk donors,
however the main motivating factor is classical altruism: the
desire to help others at one’s own expense [12, 21, 22]. While
altruism is the primary source of motivation for donors to

5 https://www.facebook.com/
5 https://www.whatsapp.com/
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continue to donate, other factors play a role in motivating people
who lactate to become breast milk donors. Many donors are
initially introduced to the concept by health professionals who
explain the importance of milk donation and, if possible,
recommend that new mothers become donors themselves [12, 22].

3.2 Designing with Breastfeeding Mothers

Several methods have been utilised when performing design with
mothers with varying popularity and success. D’Ignazio et al.
followed a participatory design approach, involving 1000 mothers
when identifying issues with existing breast pump technologies
[8]. Yurman, in their research into the intersection of motherhood
and technology, utilised cultural probes, design-led workshops
and collaborative analysis to explore and define the design space
[31]. In the development of Feedfinder, Balaam et al. made use of
an iterative user-centred design cycle [2]. They too employed
design workshops and cooperative evaluation to better understand
the context of breastfeeding people. Wardle et al., in their work
with Milk Matters, utilised several different methods when
exploring co-design with breastfeeding mothers [28, 29].

A common theme throughout the existing literature is the
attention paid to exploring, understanding, and remaining
conscious of the sensitivities of motherhood. Feminist HCI,
viewing interactions with technology through the lens of
marginalised user groups, inspired and guided much of the
aforementioned methodology and approaches [3, 8].

Working with breastfeeding mothers presents certain challenges,
inherent to the nature of motherhood. Workshops and interviews
can be interrupted by unhappy babies or feeding sessions [2, 29].
New mothers often have limited availability, which impacts their
ability to participate in workshops or interviews [2, 29]. However,
the constraints of the COVID-19 pandemic provided a unique
opportunity to put Wardle et al., and Pedersen and Buur’s
recommendation of conducting research with new mothers online
to the test [20, 29].

3.3 Persuasive Technology

Technology is being increasingly utilised to persuade or motivate
people to embody certain behaviours or attitudes. Within the field
of persuasive technology, two main avenues of implementation
exist: persuasive design and gamification [14]. Gamification aims
to incorporate features often found in digital games. Compared to
traditional persuasive design, gamification aims to evoke a user’s
intrinsic motivations through “gameful experiences and
affordances” [14]. Persuasive design aims to support a user’s
desire to have a behaviour or perform a task, or to persuade them
to adopt a desired behaviour [10]. In the case of an application for
milk donors, the persuasive system would play a supporting role
for those who already have the desire to donate.

As the designer of a supporting system | had to consider the
behaviour which the system is intending to support. All reviewed
literature share the sentiment that the system’s supporting
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techniques must be well planned and directed to have any effect
on the user’s behaviour or attitudes [14, 18, 27].

There are many ethical concerns regarding persuasive systems. A
persuasive system ultimately aims to alter the user’s behaviour
according to the designer’s intended result. Thus, there exists
potential for the abuse of such power. By involving the donors in
the co-design process, their input and opinions balance the power
dynamic, allowing them to independently raise any concerns.
Above and beyond this, as researchers we had to ensure that any
persuasive system that we designed must be ethically sound.

4 Software Development Methodology

4.1 Project Management

An agile software development methodology was used, allowing
the team to adjust according to any requirement changes or
feedback received from Milk Matters and donor participants alike
[4]. Each stage in the co-design process yielded insights into the
functionality and its implementation. Following an agile
methodology suited the project’s short duration, avoiding the
development of unwanted features.

To ensure all deadlines were met, the team adopted a SCRUM
inspired daily meeting routine [24]. Each day, team members
shared a voice message outlining their previous day’s work, the
work intended to be completed that day, and any issues which had
arisen since the previous daily update. By following this strategy
we maintained a clear understanding of our development progress
and were able to coordinate integration of the systems
components [24]. An outline of the project workload distribution
can be found in Appendix E.

Integration of the system components was undertaken as early as
possible in the development process. When functionality was
developed on the back-end system its corresponding mobile
application feature would be implemented, integrating the two
systems. This forced the early resolution of any integration
challenges, allowing us to avoid any potentially catastrophic
integration bugs later in the development. In addition, by
integrating the system components early, they could be regularly
tested as they were now relied upon by the mobile application.

4.2 Development Tools

To develop, debug, and test the mobile application two Integrated
Development Environments (IDEs) were utilized. Android Studio

7, the recommended IDE for developing Android applications,
was used to develop and test the application on virtual Android
devices. Due to the build requirements of iOS applications, the
IDE XCode® was used to build, test, and debug the iOS version of

" https://developer.android.com/studio
8 https://developer.apple.com/xcode/
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the application. Git was used as the version control system, and
GitHub® as a remote code repository.

4.3 Testing

The functionality provided by the application is simple, and as
such the testing approach aimed to test the overall functionality
provided rather than individual parts of the code. A testing
document was developed (see Appendix D), outlining the
expected functionality of the various features. In this way, we
ensured that the functionality worked as intended across a breadth
of potential use cases.

4.4 Iterative Co-Design

To create an application that would be useful to donors, as well as
remain within the various functional and non-functional
requirements outlined by Milk Matters, all parties had to be
integrally involved in the design and development of the
application [7]. We had to ensure that our design and functionality
decisions were drawn from the expert insights and perspectives of
the intended users, rather than our own as the designers [23].

Donor participants were recruited by Milk Matters, reaching out
to current donors and those who had recently stopped donating.
While there was initially very minimal interest shown from
potential donor participants, Milk Matters were able to reach out
to and recruit four donor participants for the research.

Apart from our initial meeting with Milk Matters, engagements
with both participant groups were organized into a 3-stage co-
design process. Each stage had its own focus and overarching
goals (see Fig. 1 for outline, and section 6 for further discussion).
The first stage focused on introduction and exploration, which
enabled the team to understand the context of the Milk Matters,
milk donors and milk donation. Stage 2 was focused on to the
mobile application prototype evaluation by the donor participants.
Stage 3 saw the evaluation of the developed application, which
evolved from the prototype and was developed between stages 2
and 3.

This research was granted ethical clearance by the University of
Cape Town Ethics Committee. Informed consent was obtained
from each participant, and we took great care to ensure that
participants were always comfortable with the research and their
participation in it. We remained flexible when scheduling and
conducting interviews with Milk Matters staff and donor
participants, remaining mindful of their contexts and constraints.

9 https://github.com/



October, 2020, Cape Town, Western Cape, South Africa D. Bossi
Stage | Date Interaction Participants Objectives Tools
1 7 April Online meeting Milk Matters CEO, | Introduce team to Milk Matters. Discuss project goals Jitsi
Chelsea Wardle &
research team
1 9 July Online meeting Milk Matters CEO | Define functional and nonfunctional requirements. Discuss | Jitsi
& research team shortcomings of old application
1 22 — 24 | Online meeting Milk Matters staff Gain an overview of the organization, further discuss requirements | Jitsi
July and constraints. Finalise back-end solution (deciding whether to
use Firebase or UCT-based server)
1 3 — 11 | Online Survey Milk Donors Investigate donor experience, feature discovery, social media and | Google Forms
August technology usage, and bandwidth constraints
1 13 — 15 | Online meeting Donor participants | Further investigation of the donor experience, requirements | Jitsi
August discovery and analysis, and contextual exploration
2 20 — 22 | Online Prototype | Donor participants | Donor evaluation of the medium fidelity, Moqups prototype. | Jitsi & Moqups
August Evaluation Complete tasks and go through evaluation questions.
3 11 — 17 | Online  Application | Donor participants | Donor evaluation of the developed application. Complete | Jitsi,
September | Evaluation evaluation tasks and go through evaluation questions. Studio Emulator
3 15 Online  Application | Milk Matters staff Demonstrate and showcase donor application and go through | Jitsi,
September | Evaluation several evaluation questions. Studio Emulator

Figure 1: Participant Engagement Overview

4.5 Co-Design in a Pandemic

The effect of the pandemic on the co-design process was
significant. We had to adapt and focus on remote methods of
engagement rather than face-to-face interactions. An adapted co-
design approach was undertaken without the usual workshops, in-
person interviews, and brainstorm sessions [7]; instead we
leveraged online surveys , remote interviews, and virtual
evaluation sessions. Although the online co-design process was
hindered by the lack of face-to-face interaction, meeting times
could be organized without transport and time related restrictions
(besides those due to daily schedules).

Online interactions with Milk Matters and donor participants were
conducted via Jitsi, a free and secure web-conferencing tool. It
was chosen due to its free usage policy, its ease of use
(interviewees need only to connect via the provided link, secured
with a password), and its screen-sharing capabilities. Two
researchers were present for each interview, with one acting as
interviewer while the other transcribed. Importantly, the scribe
introduced themselves in the beginning of the interview and then
turned off their microphone and video camera to transcribe
discreetly. This provided a more relaxed and informal interview
environment for our participants.

5 Application Design and Development

5.1 System Architecture

The architectural design of the system (see Appendix C, Fig. 14)
was greatly influenced by the need to utilize dynamic content —
content that is stored remotely and which can be changed over

time. This led us to follow a client-server architecture; each
mobile application is a client that connects to and interacts with a
server hosted and managed in the Google Cloud ecosystem —
specifically Firebase.

5.1.1 Firebase
10

Google’s Firebase  , a cloud platform which provides
functionality such as a database, user authentication and analytics
tools, was chosen to provide the required back-end functionality
for the application. Firebase was chosen as a back-end platform
for multiple reasons: it is entirely cloud-based, thus leveraging
advantages such as high availability, scalability, low infrastructure
costs and a pay-per-use cost model. This aligns with current
software development trends and approaches, as well as the low
overhead and start-up costs that are attractive for Milk Matters.
Firebase’s Realtime Database boasts built-in offline capabilities,
enabling offline access by storing data locally. This ensured that
bandwidth constrained users would still be able to use the mobile
application.

5.1.2 Flutter and Dart

An integral requirement (see Appendix A) of the mobile
application was that it should be available on both Android and
i0S. In the past this required developers to create and maintain an
independent, but functionally identical, application and codebase
for each platform. Apart from increasing the workload and
maintenance overhead, developers would need to be proficient in
both Java/Kotlin (for Android development) and Swift (for iOS
development) to develop both applications.

10 https://firebase.google.com/
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The Flutter!? framework built in Dart'? - both developed and
maintained by Google - was chosen for the development of the
application as it reduces these overheads by allowing both
Android and iOS applications to be built from a single codebase.
In addition, Flutter compiles native applications, leveraging
platform specific architectures and user interface standards.

The architecture of the mobile application, due to its reliance on
content stored in a cloud database, heavily utilized Dart’s
asynchronous library. The Provider design pattern - the
recommended approach to state management enabled by the
Provider Package ¥ - was used extensively to provide
asynchronous access to the application’s content stored in the
cloud. A full package diagram of the mobile application can be
found in Appendix C (Fig. 15).

5.2 Design
5.2.1 Design Language

The application’s design follows Google’s Material Design4,
which provides guidelines for designing visually attractive and
user-friendly digital interfaces. The mobile application utilizes
Material components - such as floating buttons and cards®® -
extensively. Expandable cards (Appendix B, Fig. 4.2 & 7.1) were
used, reducing screen clutter and allowing users to view extra
information for items they wish to better understand [16, 26]. The
mobile application’s design also leverages familiar mobile design
iconography to help guide users in their interactions and
navigation of the application.

5.2.2 Look, Feel and The User Experience

The mobile application was designed to align with the existing
Milk Matters website and marketing material, utilizing their logo
and similar colour palette to make it as distinguishable as
possible. The colour palette chosen for the application (Appendix
B, Fig. 13) served to create a soft and comforting interface.

A significant focus was placed on designing an intuitive and
rewarding user experience. User interface guidelines, such as
those described by Schneiderman et al. [26] and Nielsen [16],
were closely adhered to when designing the interface and overall
user experience. Form and input field validation was implemented
throughout the application, allowing user errors to be corrected by
providing informative and useful feedback [16, 26]. In addition,
Flutter packages which provide widgets (functional interface
components) in-line with either Android or iOS’s design were
used to uphold platform-specific design paradigms — Material
Design for Android, and Cupertino®® for iOS.

1 https://flutter.dev/

12 https://dart.dev/

13 https://pub.dev/packages/provider

4 https://material.io/

15 https://material.io/components/cards
16 https://developer.apple.com/design/
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The application’s screens are consistent in their format [26]
containing a title for the current screen and a navigation icon. This
is either a menu icon to open the navigation drawer (Appendix B,
Fig. 3.1 & 3.2), or a back button (e.g. Appendix B, Fig. 4.3). This
feedback provides users with a clear understanding of the
application’s navigation, as well as their current location in the
application [16]. Due to the application’s reliance on
asynchronous operations, loading wheels (Appendix B, Fig. 11 &
12) are used to clearly show the user when loading is occurring,
providing insight into the systems operations [26].

5.3 Functionality

Much of the mobile application’s functionality was ported from
the old application, however additional features were added. In
line with the requirements (Appendix A), all content shown on the
educational resources, news and events and depot locator screens
is retrieved from the cloud database.

5.3.1 Authentication

When first accessing the applications, users are required to login
(Appendix B, Fig. 2.1) or create an account (Appendix B, Fig.
2.2). To grant more control, users can also reset a forgotten
password (Appendix B, Fig. 2.3) using their email address. User
accounts are automatically remembered on a device, improving
the user experience by avoiding redundant logins.

User authentication provides the necessary credentials to securely
manage the applications content, as well as allowing Milk Matters
to monitor and analyse the application’s usage. User accounts also
facilitate the protection of sensitive content (such as milk depot
locations) on the application. Before accessing locked areas of the
application, users are required to enter their donor numbers. If
their entered donor number is valid, they can view the sensitive
content (Appendix B, Fig. 5.4 & 6.4). If not, they are provided
with a message informing them of the specific issue [16].

5.3.2 Home Screen

The Home screen (Appendix B, Fig. 3.1) is the first screen users
are shown once they have logged in. Its goal is to provide users
with important, commonly accessed information.

It displays summaries of their donation amounts — namely their
total donated amount, and the number of days of 50 ml feeds
provided. These cards, when pressed, navigate the user to the
Donation Graphs screen (Appendix B, Fig. 5.5 & 5.6). Below
this, users are provided with buttons which redirect them to the
respective social media application, or website if the application is
not installed. This provides users with a way of connecting with
Milk Matters online (Appendix A). The remaining space is
occupied by a news and events feed, displaying news and events
items added by Milk Matters in descending order by the date they
were added.
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5.3.3 Educational Resources

The educational resources section of the application consists of
three screens, the Education Categories screen (Appendix B, Fig.
4.1), Education Articles screen (Appendix B, Fig. 4.2), and the
Suggest an Article screen (Appendix B, Fig. 2.3).

Users can use the educational screens to explore educational
articles approved by Milk Matters. Eight categories are shown on
the education categories screen, which when pressed will navigate
to the respective Education Articles screen. Each article can be
shared directly from the application (Appendix A), allowing users
to further engage with the content by sharing it with friends via
social media, email, or other platforms. Importantly, shared
articles inform the recipient that the content came from the Milk
Matters mobile application, creating awareness for Milk Matters
and the application.

In addition to reading articles, users can use the Floating Action
Button (Appendix B, Fig. 4.1 & 4.2) on the categories and articles
screens to navigate to the Suggest an Article screen. Users can
further engage with Milk Matters by suggesting educational
articles that they believe should be added to the application.

5.3.4 Donation Tracker

Donors can use the donation tracker to record milk donations,
view their donation history, visualize the impact of their
donations, and declare donation drop-offs at a depot.

The Donation Tracker screen (Appendix B, Fig. 5.1) contains
several elements. Two buttons at the top of the screen indicate the
total amount of milk donated, and the number of days of 50 ml
feeds that the donor has provided. When pressed, the user is
navigated to the Donation Graphs screen (Appendix B, Fig. 5.5 &
5.6) which displays two tabs, each containing a graph. These
show cumulative line graphs of their donations, and the number of
days of 50ml feeds. The graphs are fully interactive, supporting
both zooming and panning (Appendix B, Fig. 5.7).

Donors can record donations by pressing the ‘Record a Donation’
button to navigate to the Record a Donation screen and entering
in the donation amount and date. A donation history list, titled
“Your Donations’, provides donors with their donation history and
whether the donation has been dropped off at a depot [16]. Donors
can also use the Declare a Drop-off screen declare a donation
drop-off (Appendix B, Fig. 5.3), selecting which donations they
dropped off and at which depot. This improves donor engagement
with Milk Matters and reduces donor admin overhead, allowing
them to declare drop-offs via the application rather than informing
Milk Matters manually.

5.3.4 Depot Locator

The Depot Locator screen (Appendix B, Fig. 6.1) displays a
familiar Google Maps map on which several pins are placed, each
indicating the location of a depot. Each pin, when pressed,

D. Bossi

provides the user with depot specific information (Appendix B,
Fig. 6.2). If a user selects a pin, they are shown two buttons which
open their default navigation application, either showing the
location of the depot or providing directions to that depot. If the
user grants the required permissions (Appendix B, Fig. 6.5) their
live location will be shown on the map, improving usability [26].

The ‘Find My Nearest Depot’ button allows users to find their
nearest depot [16]. The ‘Depot List’ button navigates the user to
the Depot List screen, which displays a list of the depots
(Appendix B, Fig. 6.3), their details, and several buttons which,
when pressed, focus the map on that depot’s location. Both
buttons improve the usability of the depot locator.

5.3.5 News and Events Feed

The News and Events screen (Appendix B, Fig. 7.1 & 7.2) display
a list of Milk Matters news and upcoming events. Each news and
events item is shown as a separate expandable card, providing
details on the specific item. Each unexpanded card displays the
title, date posted and URL to the item. Once expanded, it provides
a longer description of the item. As with the education articles,
news and events items can be shared using the ‘Share’ button.

5.2.6 Frequently Asked Questions

The Frequently Asked Questions screen allows users to find
answers to common questions without leaving the application
(Appendix B, Fig. 8). This is a valuable resource for both
prospective donors and current donors. Each question is shown on
an expandable card, which when expanded provides the answer to
the specific question.

5.2.7 Become a Donor

The Become a Donor screen (Appendix B, Fig. 10) provides
prospective donors with a short pre-screening questionnaire; brief
and information questions whose answers are required by Milk
Matters before beginning the donor screening process. Once the
user has answered all the questions, they can press the ‘Submit
Application’ button. This opens a new email on their device’s
email client, populated with generated text outlining their answers
to the questions and informing Milk Matters that the questionnaire
was answered on the mobile application. This can then be sent to
Milk Matters at the user’s discretion.

5.2.8 Contact Milk Matters

A Contact Milk Matters screen (Appendix B, Fig. 9) is included
in the application to provide users with general information about
Milk Matters, namely their mission, values, and contact
information.
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6 Findings
and Contextual

6.1 Requirements
Discovery

6.1.1 Introductory Milk Matters Meetings

In our first, introductory meeting with Milk Matters we discussed
the previous application, its shortcomings, and their envisioned
outcomes for the project. A rough outline of the functional and
nonfunctional requirements was created, which were expanded
and refined in our second meeting (see Appendix A). These initial
meetings provided an opportunity for the team to discuss milk
banking, its contextual sensitivities, milk donor recruitment and
the project goals.

Analysis

6.1.2 Donor Survey

Our initial interaction with Milk Matters donors was via an online
survey 17, It investigated several aspects about the donors: their
personal experience with milk donation, features they would like
to see in Milk Matters mobile application, their technology and
social media use, and their bandwidth constraints.

The 7 responses to the survey yielded valuable insight. Almost all
respondents felt that a Milk Matters mobile application should
provide the same functionality as the old application. We
confirmed that a cross-platform application was required, with an
almost even split of iOS and Android users. We discovered that
almost all the donors were active on some social media (the
majority being Facebook'®), would share Milk Matters related
content, and were not bandwidth constrained.

6.1.3 Milk Matters Interview

Our first interview with the two Milk Matters staff members
focused on gaining an overview of the organization, and their
operational and limitations. The underlying need for managing the
application’s content was discussed; Milk Matters must be able to
update the application’s content, allowing them to ensure that it
remains true and up to date. Furthermore, updating the content
ensures the application’s long-term impact and value. Milk
Matters also wanted to leverage the dynamic nature of the
application, using its operational data to aid decision making. The
issue of security was also raised, and it was reiterated that access
to sensitive content, such as depot locations, had to be restricted to
current donors.

An important goal of the application was to aid interaction
between donors and Milk Matters; however, this would need to
remain conscious of their limitations as relatively small NPO.

The sensitive context of milk donation was discussed extensively,
focusing on the value of donor milk [25]. Any amount of donated

docs.google.com/forms/d/1wzBX3FdJ-
YkKAUyAOIHSal5DVZFzGLEwW3YIdgDilQjk8
18 www.facebook.com
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milk is valuable, and the application had to reinforce this. The
application’s functionality and design had to be mindful of the
uniqueness of donors and their milk production by affirming and
supporting them regardless of their donation amounts [29].

6.1.4 Donor Interview

Through our initial interviews with donor participants we gained
exposure to the nuances of the donor experience. Our participants’
donation history differed and included both first- and second-time
donors.

The participants all donate for altruistic reasons; however, some
simply donated their excess expressed milk [12, 21, 22]. They
express and store milk which they value, and instead of letting it
go to waste, choose to donate it [12]. The donor participants all
felt motivated by knowing the impact of their donation. Receiving
feedback from and interacting with Milk Matters also provided a
motivational boost to some of the donors. The sentiment that
becoming a Milk Matters donor was a simple task was shared by
almost all the donors, however, one donor found the task
challenging due to her busy schedule.

Interestingly, all the donor participants are not, or no longer,
tracking their donations, but expressed a keen interest in using the
mobile application to do so. They also all made use of online
educational resources, most of which are from relevant social
media groups [29].

The donor’s sentiment about sharing their donor status, either in
person or on social media, varied. Some felt proud to be donors,
and shared milk donation related content on social media or
encouraged friends to donate, while a few felt hesitant about
speaking about breast milk donation in their social circles due to
the associated stigma [22].

6.2 Prototype Evaluation
6.2.1 Approach

The usual in-person low-fidelity prototype evaluation process
needed to be reimagined due to the social distancing constraints.
The team decided to create an online paper prototype using
Moqups'®, a web-app which enables teams to collaboratively
develop digital prototypes. The evaluations were conducted online
similarly to those in section 6.1, however the interviewer acted as
an intermediary between the participant and the prototype by
following and acting upon their instructions. The evaluation
consisted of a series of tasks (Appendix E) which the participant
would attempt ‘through’ the interviewer while explaining their
mental processes [17], followed by several questions about the
prototype and the evaluation process.

19 https://moqups.com/
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6.2.2 Donor Evaluation

The application’s functionality was positively received; however,
several usability issues were raised. All the participants struggled
to login into the application, assuming that they would already
have accounts. The issues of lacking a password reset option and
remembering an account after login were also raised.

When someone becomes a Milk Matters donor, they receive a
donor number. The prototype’s user experience required donors to
register their donor number, so that it could be verified by Milk
Matters. Donors could then use this verified donor number to
access sensitive information on the application. Completing this
proved challenging for most of the participants, sharing
sentiments such as, “I wouldn’t know what to click”, and “How
would I do that?” when being asked to register their donor
number. The confusion felt by the participants was captured by a
particular comment, “Wouldn’t I be registered already?”.

Sensitive content was secured by requiring users to enter their
donor numbers. All the participants took issue with this, with
comments such as, “I’m not sure why it’s necessary, I would do
away with it.”. Another participant, when asked about their least
favourite aspect of the prototype said, “... having to enter my
donor number at each stage”.

Most of the participants praised the donation tracker and its
accompanying functionality. Almost all felt that this was their
favourite feature, particularly the graphs providing a visual
representation of their donated amounts.

6.3 Application Evaluation
6.3.1 Approach

The final application was developed between stages 2 and 3 and
evaluated in a similar manner to the prototype. The application
was run on an Android emulator on the interviewer’s computer,
who shared their screen to allow the participant to see the running
application. As in stage 2, participants would dictate instructions,
which were then carried out by the interviewer. First, participants
attempted several tasks (Appendix E), which reviewed all the
application’s functionality [17]. After this, they were asked
several questions about the application to discuss the overall
design, any challenges they faced, and their user experience.

6.3.2 Donor Evaluation

The participants were able to complete the tasks, often on their
first attempt. When questioned about the application’s usability all
participants answered positively, sharing that “It’s self-
explanatory, it’s not difficult to find anything”. The introduction
of input validation added positively to the user experience. When
participants made input errors, they were able to correct the
mistake by following the error prompts without any direction
from the interviewer [26]. Tasks that were challenging to
participants in the prototype evaluation, such as finding contact
information or their nearest depot, were completed with ease in
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the final application. The participants were also pleased with the
streamlining of the user experience, with one participant stating
that “It’s simple and straight-forward”.

When discussing the application’s colour scheme the participants
responded positively, with one stating that “it fits Milk Matters
really well”. In addition, no colour interference or readability
issues were raised. The participants expressed similar sentiments
when discussing the design of the interface, saying that it looks
“all light and neat”, and “... really good, super impressive”.

Donors expressed their appreciation of the donation tracker and
associated functionality with comments such as, “I’ve donated so
much, but I had no visual representation of it”, when discussing
the donation graphs. Two of the donors were particularly pleased
with the donation drop-off functionality and its ability to reduce
their admin, “Before I used to email Milk Matters when I dropped
off milk, which is a bit extra on your admin list. But now you can
just go on the app and declare the donation”.

Overall, the participants were pleased with the application and its
user experience. One shared that the functionality it provides
“makes it a lot easier to donate”. As in the prototype evaluation,
most felt that the donation tracker was their favourite feature —
“It’s nice to know you’ve donated so much milk and fed so many
babies. It makes it more real”.

While much of the feedback we received was positive, a few
usability concerns were raised. Some participants were confused
by their interaction with the become a donor screen, or where to
tap to edit a donation date. Another participant raised the issue of
the “confusing” website icon. However, one participant stated,
“It’s not obvious, but I’d figure it out”. In summary, the usability
issues that were uncovered in the final evaluation had a minimal
impact on the application’s usability.

6.3.3 Milk Matters Evaluation

The Milk Matters staff members received the mobile application
well and were pleased with its overall appearance and design.
Both staff members were pleased with the colour scheme, feeling
that it remained consistent with the existing Milk Matters
aesthetic. They believed that the graphs and donation tracking
features would be a good motivator for donors. They were also
grateful for the interactivity that the back-end system provided for
the application, specifically the declaring of donation drop-offs,
and that the completed pre-screening questionnaire would be sent
directly to Milk Matters.
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7 Discussion and Analysis

7.1 Application Evolution
7.1.1 Implementing Stakeholder Requirements

As the application is primarily a tool for Milk Matters, it needed
to strictly adhere to their requirements, even when the
implications were met with resistance from the donor participants.
One such example is the security checks to limit the access of
sensitive content. Almost all the participants took issue with the
security check, deeming it a “stumbling block” in the user
experience. However, after discussing and explaining the need to
secure the application’s sensitive content they all valued its
inclusion. It was clear that although it negatively impacted the
user experience, the donors were willing to compromise once they
had been informed of its purpose. Thus, to better inform users of
the security check’s purpose, short explanations of its necessary
inclusion were added to the relevant screens (Appendix B, Fig.
5.4 & 6.4).

7.1.2 Improving the User Experience

During the prototype evaluation the participants raised the issue of
the experience of registering their own donor numbers,
interpreting it as “strange”. It became clear that it was a confusing
interaction that they weren’t expecting. Following these
complaints, that aspect of the user experience and functionality
was removed from the application. Instead, the registering of
donor number became Milk Matters’ responsibility. While this did
slightly increase the overhead for Milk Matters, it improved the
overall user experience which is the most important aspect of any
application.

From the interviews with the donors we were made aware of the
value placed on any interaction and feedback they receive from
Milk Matters. To leverage this, various ‘pop-ups’ (Appendix B,
Fig. 6.6) were included in the user experience to provide further
interaction, such as thanking the users for declaring a donation
drop-off or suggesting an article.

Several improvements were made to the application’s interface
and user experience based on the feedback from both evaluations.
Greater freedom was provided to donors, for example, allowing
them to individually select which donations are included in a
drop-off declaration, as well as allowing users to reset their
account passwords. Additional labels were added to the user
interface elements when the lack thereof caused confusion [16,
26]. Menu items were renamed to make their purpose more
understandable, such as changing ‘About Milk Matters’ to
‘Contact Milk Matters’ and ‘Education’ to ‘Educational
Resources’. These resulted in a noticeable user experience
improvement between the prototype and final application.

7.2 Reflections on Socially Distanced Co-Design

Socially distanced co-design presented a host of challenges to
overcome; however, it did come with its advantages as well.
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While interactions with both Milk Matters and donor participants
were rarely without time consuming technical glitches, holding
interviews remotely gave our participants more freedom when
choosing interview times. This was particularly important for our
donor participants, whose time constraints associated with
motherhood were further compounded by the work-from-home
dynamic of the pandemic [2, 20, 29]. We also had to remain
conscious of our participants new anxieties and stressors caused
by the pandemic.

While we did begin this project with the understanding that any
donor interaction would potentially be interrupted, it did not
present a large issue [2, 29]. In fact, only a few interviews were
interrupted by babies, with most taking place without any
interruption. This may be due to the freedom afforded by remote
interactions, with participants opting for interviews during less
busy times. Perhaps due to the interviews being conducted
remotely we found that once donors became interrupted and
distracted by their babies, they were less inclined to engage with
the interviews, answering questions quickly and tersely. This
should be a consideration for any future work involving remote
interactions with new mothers.

From the onset of the research, we endeavoured to remain aware
of the context in which we were working. As three males
conducting research into a context as sensitive as motherhood,
breastfeeding, and milk donation, we strove to gain as much
knowledge of the context, learn from our participants, and always
act professionally. The feedback we received from our
participants in this regard was positive and rewarding for the
researchers. They shared that, “You guys have been very mature,
and I haven’t felt at all uneasy having to talk to you. You made
me feel comfortable”, and “You guys were very professional, I
felt comfortable”. These comments show that our efforts were
acknowledged and appreciated.

Milk Matters were pleased with the way in which this project was
conducted, praising the team’s good communication. Initially the
project seemed stalled by the team’s lack of understanding and
exposure to the contextual nuances of milk donation. However,
through discussion and dialogue with Jenny (Milk Matters CEO),
the team were able to improve their understanding. Our growth
was made clear by Jenny’s positive comments in the final
application evaluation, stating that all her concerns were
addressed and successfully dealt with.

The evaluation methods used for the prototype and final
application were received with mixed feelings. Most of the
participants noted that they felt “awkward” dictating their
interactions. During the evaluations we noticed that the
participants were hesitant to explore the interfaces before
completing tasks. This may be due to it feeling “unnatural” and
the expectation to complete a task rather than merely exploring
the interface: “It was a bit strange. I would’ve immediately
touched buttons, but I had to tell you and wait.”. This may have
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also been the cause of some of the usability challenges that the
participants encountered.

During the final application’s evaluation, it became clear that the
participants were able to navigate the interface easily. When
questioned about this, they felt their initial evaluation of the
prototype aided their ability to navigate and use the final
application. While this was unavoidable, having separate groups
of donors evaluating the prototype and final application would
have provided a more accurate representation of the application’s
usability.

7.3 The Duality of Google’s Flutter and Firebase

This project required that I learn and become familiar with Dart
and the Flutter framework. While Dart’s similarity to other object-
oriented programming languages made it easy to grasp, Flutter
provided a more challenging learning experience. The widget-
oriented paradigm utilized by Flutter provides an intuitive way of
building interfaces whose code is easy to read and analyse. The
available official and third-party Flutter packages proved
valuable, providing well designed interface components, simple
integration with other services, and out-of-the-box functionality.

The tools made available by Google, particularly Flutter and
Firebase, are powerful. The generous free tier, and the pay-per-use
cost model are viable options for small NGOs/NPOs, and paired
with the Flutter framework results in a valuable toolset which
could be used to rapidly develop and improve their digital
presences.

While building an application with Google’s Firebase and Flutter
was effective, one needs to remain mindful of the implications of
using the platform. Vendor lock-in, becoming ‘locked in’ and
reliant on a single platform or companies services and
infrastructure, can be extremely detrimental due to the inherent
difficulty of switching to another service provider and the power
dynamic it creates [19]. By using a tech-stack entirely reliant on
Google, and by extension Alphabet Inc., we are contributing to
the growing power of the, predominantly American, technology
corporations. In addition, by utilizing Firebase and ultimately the
Google Cloud Platform?, we contribute valuable usage data
which is, in the age of Big Data, used to continuously improve
their services [11]. Unfortunately, the value of this data and its
impact are often not attributed to the users but used to improve the
service without any compensation.

7.4 Research Constraints
7.4.1 Research in a Pandemic

Conducting research in a pandemic was challenging and placed
hard limits on how the researchers could communicate with each
other and their participants. Meetings had to be held online and

20 https://cloud.google.com/
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were often plagued with technical and connectivity issues. While
an argument can be made for remote meetings allowing greater
scheduling freedom, the work-from-home approach comes with
its own host of challenges, both collectively and individually. A
particularly challenging aspect of the project was the conveying of
design, user experience, and technical ideas to fellow researchers;
having to describe ideas verbally when a diagram or white-board
explanation would have been simpler. However, we were able to
adapt and overcome these challenges by maintaining active
communication channels, with the team often meeting several
times per week. Online tools, such as draw.io?!, paired with
screensharing capabilities played an important role in enabling the
team to adapt to remote teamwork.

7.4.2 Working with an NPO

Working with Milk Matters, a small non-profit organization,
presented certain challenges as well. Due to their small team size,
they were often extremely busy [29]. This made scheduling
meetings, interviews, and evaluations challenging. In certain
circumstances, the requirements defined by Milk Matters
conflicted with what the participants wanted. For example, many
participants disliked the security checks and felt that it was “a
stumbling block™ in their user experience; however, this was a
firm requirement made by Milk Matters. While the conflict
between stakeholder requirements is inherent to software
development [6, 9], we had to balance the expectations of both
parties and explore potential compromises to maintain a high level
of stakeholder satisfaction.

7.4.3 Considering Biases

Our donor participants provided valuable insight and feedback
throughout the research, however the possibility that they may be
outliers in the milk donor population must be considered [21].
Now more so than before, participating in research is demanding.
The fact that our donor participants were voluntarily willing to
participate in this research reveals their biases — an interest in the
topic and field, and particularly towards milk donation and Milk
Matters. By participating and giving up their time, they proved
that they have an appreciation for Milk Matters and value milk
donation. This may be why primarily positive feedback was
received when discussing the mobile application’s design and
functionality, in both the prototype and final application
evaluations. In addition, due to their respect for Milk Matter’s
work and the fact that the researchers may have been perceived as
working for Milk Matters, they may have felt uncomfortable
criticizing the organization or the mobile application. While this
was unavoidable for this research, it introduced certain biases.

While these factors may have constrained the research, they by no
means inhibited the researchers from conducting important
research and building valuable software.

2L https://app.diagrams.net/
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7.5 Maintenance and Sustainability

Minimizing the maintenance overhead of the application and the
entire system was an important requirement for Milk Matters and
guided our approach. By only utilizing cloud technologies we
ensured a high level of availability and scalability. We chose this
approach over hosting the back-end system on UCT
infrastructure. This not only allows Milk Matters to have full
control over the system for future development, but it also
removes any reliance on UCT infrastructure, avoiding the effects
of load shedding, hardware failure and organizational changes.

In decreasing the maintenance requirements for this system, we
improved its overall sustainability. We opted to utilize highly
adopted technologies, which will be supported for the foreseeable
future. This similarly motivated our choice to develop the mobile
application in Dart using the Flutter framework. Both have been
supported by Google since 2018, with no signs that it will soon
falter. By developing the application with a relatively new but
supported and widely adopted technology stack we ensured that
future projects building on this work can expand upon the
software, rather than having to rebuild it. The complete and
comprehensive documenting of the system’s code (Appendix G)
further increases its sustainability, ensuring that any future
expansion of the system can be done with ease.

The sustainability of the application was investigated in the final
evaluation. All participants stated that they would use the
application, showing promising signs for ensuring user retention
and the long-term adoption of the application.

8 Conclusions and Future Work

This project aimed to redevelop and improve the old Milk Matters
application developed by Wardle et al. [29]. The requirements,
outlined by Milk Matters, helped create a roadmap for the
applications development with a focus on building an updatable
and dynamic cross-platform mobile application.

Through a co-design process, adapted to work within the
constraints of the COVID-19 pandemic, we were able to work
with donor participants; first creating and evaluating a prototype
inspired by the old application, then developing the final
application. By following an iterative co-design process, we
ensured that both Milk Matters and their donors would receive a
valuable tool which met their specific requirements.

Following the evaluation of the final application with both donors
and Milk Matters, we believe this project was a success. We
managed to meet the requirements and expectations, receiving
positive and constructive feedback from Milk Matters and the
donor participants. The donors felt that the application would
support them as milk donors by improving their motivation to
donate and facilitating interactions with Milk Matters.

Future work on the mobile application could include
implementing the omitted features, such as tracking the expiry
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dates of recorded donations, or exposing general donation
statistics to improve motivation and a feeling of involvement [13].
In addition, as Milk Matters moves to a new track-and-trace
system, there exists a need integrate it into the mobile application.
This would give donors more information about the destination,
processing, and impact of their donations, ultimately improving
donor motivation and satisfaction [12, 21].

While a long-term evaluation is required to adequately measure
the impact of this project, the feedback received was encouraging.
By improving the donor experience for Milk Matters donors and
providing tools to enable prospective donors to pursue donating,
we aimed to increase the awareness of breast milk donation and
the availability of donor milk, ultimately saving the lives of
vulnerable infants.

10 Acknowledgements

I would like to thank my research partners, Gustavo Amicis M. de
Souza Mendes and Pieter Gerhard Serton, and our supervisor
Professor Melissa Densmore for her continued support and
guidance. Thank you to Chelsea-Joy Wardle and Mitchell Green
for laying the foundations on which this system was built. Many
thanks to our donor participants; their support and input was
irreplaceably valuable to this project. Finally, thank you to Milk
Matters; without your work, this project would have not been
possible.

REFERENCES

[1] Arslanoglu, S., Corpeleijn, W., Moro, G., Braegger, C.,
Campoy, C., Colomb, V., Decsi, T., Domell6f, M., Fewtrell, M.,
Hojsak, 1., Mihatsch, W., Mglgaard, C., Shamir, R., Turck, D. and
Van Goudoever, J. 2013. Donor Human Milk for Preterm Infants:
Current Evidence and Research Directions. Journal of Pediatric
Gastroenterology  and  Nutrition, 57, 2013, 535-542.
https://doi.org/10.1097/mpg.0b013e3182a3af0a

[2] Balaam, M., Comber, R., Jenkins, E., Sutton, S. and Garbett,
A. 2015. FeedFinder: A Location-Mapping Mobile Application
for Breastfeeding Women. In Proceedings of the 33rd Annual
ACM Conference on Human Factors in Computing Systems,
2015. 1709-1718. https://doi.org/10.1145/2702123.2702328.

[3] Bardzell, S. 2010. Feminist HCI: taking stock and outlining an
agenda for design. In Proceedings of the 2010 SIGCHI
Conference on Human Factors in Computing Systems, April,
2010, 1301 - 1310. https://doi.org/10.1145/1753326.1753521

[4] Beck, K., Beedle, M., Van Bennekum, A., Cockburn, A,
Cunningham, W., Fowler, M., Grenning, J., Highsmith, J., Hunt,
A. and Jeffries, R. 2001. Manifesto for agile software
development, February, 2001.

[5] Bertino, E., Giuliani, F., Occhi, L., Coscia, A., Tonetto, P.,
Marchino, F. and Fabris, C. 2009. Benefits of donor human milk
for preterm infants: Current evidence. Early Human Development,
85, 2009, 9-10. https://doi.org/10.1016/j.earlhumdev.2009.08.010
[6] Boehm, B. and Egyed, A. 1998. Software requirements
negotiation: some lessons learned._In Proceedings of the 20th
International Conference on Software Engineering, Japan, 1998,
503-506. https://doi.org/10.1109/ICSE.1998.671616.




October, 2020, Cape Town, Western Cape, South Africa

[7] Burkett, 1. 2016. An introduction to co-design. Centre for
Social Impact. (2017) Retreived September 15, 2020 from
https://www. yacwa. org. au/wp-content/uploads/2016/09/An-
Introduction-to-Co-Design-by-Ingrid-Burkett. pdf

[8] D'lgnazio, C., Hope, A., Michelson, B., Churchill, R. and
Zuckerman, E. 2016. A Feminist HCI Approach to Designing
Postpartum Technologies: "When | first saw a breast pump | was
wondering if it was a joke". In Proceedings of the 2016 CHI
Conference on Human Factors in Computing Systems, May,
2016, 2616 - 2622. https://doi.org/10.1145/2858036.2858460

[9] Damian, D., Shaw, M. L. and Gaines, B. 2000. A
multidisciplanary approach to the study of distributed
requirements negotiaton. In Proceedings of the 5th Australien
Workshop on Requirements Engeneering, 8 , 2000, 91 - 100.

[10] Fogg, B. 2002. Persuasive technology: using computers to
change what we think and do. Ubiquity, 2002, 89-120.
https://doi.org/10.1145/764008.763957

[11] Google. 2020. Google Cloud Privacy. Retrieved September
22, 2020 from
https://support.google.com/googlecloud/answer/6056650

[12] Gribble, K. D. 2014. "I'm happy to be able to help:" why
women donate milk to a peer via internet-based milk sharing
networks.  Breastfeeding Medicine, 9, 2014, 251-256.
https://doi.org/10.1089/bfm.2014.0009

[13] Gribble, K. D. 2013. Peer-to-Peer Milk Donors' and
Recipients' Experiences and Perceptions of Donor Milk Banks.
Journal of Obstetric, Gynecologic, & Neonatal Nursing, 42, 2013,
451-461. https://doi.org/10.1111/1552-6909.12220

[14] Hamari, J., Koivisto, J. and Pakkanen, T. 2014. Do
Persuasive Technologies Persuade? - A Review of Empirical
Studies. International conference on persuasive technology, 2014,
118-136. https://doi.org/10.1007/978-3-319-07127-5 11

[15] Milk Matters. 2020. Retrieved September 24, 2020 from
http://milkmatters.org/

[16] Nielsen, J. 1995. 10 usability heuristics for user interface
design. Nielsen Norman Group, 1, 1995.

[17] Nielsen, J. 1994. Usability inspection methods. In
Proceedings of the 1994 CHI Conference Companion on Human
Factors in Computing Systems, USA, 1994, 413-414.
https://doi.org/10.1145/259963.260531

[18] Oinas-Kukkonen, H. and Harjumaa, M. 2009. Persuasive
Systems Design: Key Issues, Process Model, and System
Features. Communications of the Association for Information
Systems, 24, 20009, 485-500.
https://doi.org/10.17705/1CAIS.02428

[19] Opara-Martins, J., Sahandi, R. and Tian, F. 2016. Critical
analysis of vendor lock-in and its impact on cloud computing
migration: a business perspective. Journal of Cloud Computing, 5,
2016, 92-97. https://doi.org/10.1109/i-Society.2014.7009018

[20] Pedersen, J. and Buur, J. 2000. Games and Movies: Towards
Innovative Co-design with Users. Collaborative design, 2000, 93-
100.

[21] Perrin, M. T., Goodell, L. S., Fogleman, A., Pettus, H.,
Bodenheimer, A. L. and Palmquist, A. E. L. 2016. Expanding the
Supply of Pasteurized Donor Milk: Understanding Why Peer-to-

D. Bossi

Peer Milk Sharers in the United States Do Not Donate to Milk
Banks. Journal of Human Lactation, 32, 2016, 229-237.
https://doi.org/10.1177/0890334415627024

[22] Pimenteira Thomaz, A. C., Maia Loureiro, L. V., da Silva
Oliveira, T., de Mendonga Furtado Montenegro, N. C., Dantas
Almeida Junior, E., Fernando Rodrigues Soriano, C. and Calado
Cavalcante, J. 2008. The Human Milk Donation Experience:
Motives, Influencing Factors, and Regular Donation. Journal of
Human Lactation, 24, 2008, 69-76.
https://doi.org/10.1177/0890334407310580

[23] Sanders, E. B.-N. and Stappers, P. J. 2008. Co-creation and
the new landscapes of design. Co-design, 4, 2008, 5-18.
https://doi.org/10.1080/15710880701875068

[24] Schwaber, K. and Beedle, M. 2002. Agile software
development with Scrum (Vol. 1). Upper Saddle River: Prentice
Hall.

[25] Shaw, R. Perspectives on Ethics and Human Milk Banking.
2010. Giving breastmilk: Body ethics and contemporary
breastfeeding practice, 2010, 83-97.

[26] Shneiderman, B., Plaisant, C., Cohen, M., Jacobs, S.,
Elmqvist, N. and Diakopoulos, N. 2016. Designing the User
Interface: Strategies for Effective Human-Computer Interaction.
Pearson.

[27] Tomning, K. and Oinas-Kukkonen, H. 2009. Persuasive
system design: state of the art and future directions.
In Proceedings of the 4th international conference on persuasive
technology, April, 2009, 1-8.
https://doi.org/10.1145/1541948.1541989

[28] Wardle, C.-J. and Green, M. 2016. Milk Matters: Milk Donor
Motivation and Education. Retrieved September 12, 2020 from
http://projects.cs.uct.ac.za/honsproj/cgi-
bin/view/2016/green_wardle.zip/milkmatters_green_wardle/

[29] Wardle, C.-J., Green, M., Mburu, C. and Densmore, M. 2018.
Exploring Co-design with Breastfeeding Mothers. In Proceedings
of the 2018 CHI Conference on Human Factors in Computing
Systems, 2018, 1-12. https://doi.org/10.1145/3173574.3174056
[30] WHO/UNICEF. 2003. Global strategy for infant and young
child  feeding. Retrieved May 4, 2020  from
https://www.who.int/nutrition/publications/infantfeeding/9241562
218/en/

[31] Yurman, P. 2017. Designing for Ambivalence: Mothers,
Transitional Objects and Smartphones. In Proceedings of the 2017
CHI Conference Extended Abstracts on Human Factors in
Computing Systems, 2017, 344-348.
https://doi.org/10.1145/3027063.3027120



https://www/
https://dl.acm.org/doi/proceedings/10.1145/2858036
https://dl.acm.org/doi/proceedings/10.1145/2858036
http://milkmatters.org/
http://projects.cs.uct.ac.za/honsproj/cgi-bin/view/2016/green_wardle.zip/milkmatters_green_wardle/
http://projects.cs.uct.ac.za/honsproj/cgi-bin/view/2016/green_wardle.zip/milkmatters_green_wardle/

October, 2020, Cape Town, Western Cape, South Africa

Appendix

A. Milk Matters Requirements

Functional Requirements
Only the mobile application’s requirements have been included
for brevity.

Mobile Application Requirements:

Allow donors to manage their own accounts (create and
reset passwords).
Maintain all functionality from the old Milk Matters
application:
o A depot locator, allowing donors to locate
depots and their details.
o A collection of educational articles covering a
range of relevant topics.
o A donation tracking tool and resulting
visualisations of their donations.
o A donor pre-screening questionnaire.
o  Milk Matters contact information.
Improve the pre-screening questionnaire and allow users
to submit their application to Milk Matters.
Provide donors with a several frequently asked
questions and their answers.
Allow donors to declare their donation drop-offs at a
specific depot via the application.
Provide functionality to share (via social media, email,
etc.) certain content on the mobile application.

Non-Functional Requirements.

System Requirements:

Seek to remain as cost effective as possible, particularly
with the operational costs of the system.

Minimise the cost, both financial and time, of
maintenance or change to the system.
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All sensitive donor data should be stored and accessed
securely.

Ensure the privacy of donor data.

The system should maintain a high availability.

Support the updating of mobile application’s content.
Provide dynamic content to the mobile application.

Mobile Application Requirements:

Support both the Android and iOS operating systems.
Support offline use, i.e. supporting users with
intermittent internet access.

Improve and draw inspiration from the old Milk Matters
application interface.

Content shown on the application should be dynamic
i.e. updatable.

The application interface design should mimic and draw
inspiration from existing Milk Matters content.

The user experience should be user-friendly and offer
functionality to both donors and non-donors.

Limit access of sensitive content so that it is only
available to authorised donors.

User Experience Requirements:

Remain sensitive to the varying donation amounts that
donors donate and support all donations equally.
Avoid features that could create competition.
Foster encouragement and support for the donors.
Provide support and positive reinforcement to donors
through in-app notifications, pop-ups, and guiding text.
Allow donors to engage with Milk Matters on the
application:

o  Viewing their social media pages

o Support sharing of certain in-app content

o  Suggest new educational articles

o Complete and submit a

questionnaire

pre-screening
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B. Mobile Application Screenshots and Design

Authentication

s,

P
‘milk®

matters

Welcome to the Milk Matters App!
Login below, or create an account to
get started.

Email
B Password

Forgat your password?

Create an Account

Figure 2.1: Login

Home Screen

Home

= 630 ml & 12.6 days

E ] Danated 4+ of 50ml Feeds

Connect with Milk Matters

News and Events Feed

Launching New Milk Matters Donor App!
15/9/2020

vww.milkmatters.org

Read more: v

« Share

Milk Matters Open Day
08/09/2020

Figure 3.1: Home Screen

< Register ‘z%

oy
‘milk:

matters

Please complete and submit the form

to create an account.

Full Name

Y. Phone Number

Email

ﬂ Password

Register

Figure 2.2: Register

e
o~ O,

“milk

matters

a Home

Donation Tracker
9 Depot Locator
@ Educational Resources

News and Events

O

L]

Contact Milk Matters
E Become a Donor
0 Frequently Asked Questions

5] Logout

Figure 3.2:
Navigation

< Forgot Password ‘%

oesing

‘milk’
matters,

Please enter your email address
below and we'll send you an email to
reset your password.

= Email

4 @ m

Figure 2.3: Forgot Password

Application

D. Bossi
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Educational Resources

Education Categories Breastfeeding

Breastfeeding Breast Milk Donation

kK < o=

matters

Foremilk and Hindmilk
06/09/2020

arg/breastizeding-info/foremilk-and

Breast Milk Supply Nutrition When
Breastfeeding

-y
, i

Latching Expressing, Pumping
& Sterilising

£

d var rding
milk has been g in the ducts and how r
breast is drained at the time.

ch of your

« Share

Suggest An Article
ect M

|r_m.!'k| Will Caffeine Aff I I

Figure 4.2: Education Articles

Figure 4.1: Education Categories

= Suggest An Article

Thank you for taking the time to
suggest a new article!
Please complete and submit the form
below.

Name

H

Danor Number

Article URL

0

Comments

Submit Suggestion

Figure 4.3: Suggest an Article

D. Bossi
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Donation Tracker

Donation Tracking = Record A Donation

i 630 ml & 12.6days

Donated *# of 50ml Feeds -
3 100

Your Donations Y Jat v

& 21/09/2020 2N

120 ml

17/09/2020 Drop-off Complete

200 mi =+ Record Donation

16/09/2020 Drop-off Complete

250 ml

15/08/2020 Awaiting Drop-off

60 ml

17/09/2020 Drop-off Complete

Declare Donation —
Drop-Off =4 Record a Donation

Figure 5.1: Donation Tracker

Figure 5.2: Record a Donation

€ Security Check = Donation Graphs =
i =
1
Donations 50 ml Feeds
00 o
100 1320

Please submit your donor number

Only current donors are able to declare donation
drop-offs.

D. Bossi
= Declare Donation Drop-Off
Milk Matters Head Office v
Donations Awaiting Drop-off
ot
Figure 5.3: Declare a Donation Drop-off
Donation Graphs = Donation Graphs
0 - 0
w E | w
50 ml Feeds Donations 50 ml Feeds
600
400 1320

Sep 15 Sep P19 Sep21 Se p25 Sep 115 Sep17 Sep19 Sep21 Sef Sep 25 Sep 27 Sep20  Sep22  Sep24  Sep26  Sep28

Figure 5.4: Declare Donation Figure 5.5: Total Donation Figure 5.6: 50 ml Feeds Graph Figure 5.7: Total Donation

Drop-off Security Check Amount Graph

Amount Graph (zoomed and
panned)
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Depot Locator

Depot Locator Depot Locator

©

MELKBOSSTRAND MOUILLE POINT

m V&A Waterfront !
Cape Town Stadium Q

) ]

MILNERTON

BELLVILLE
o ]

GREEN POINT

I mm
2 DE WATE
| slgnam.uQ
m SEA POINT
BO-KAAP
fuss] B s SIGNALHILL 710 BO-KAAP
MUSEUM
- M O pm
e Simunye Primary Health
5y O Care Sea Point

3R + Penarth, Main Rd, Three Anchor Iziko South C +

Bay, Cape Town, 8005 can Missaim
SIMON'S TOWN | — Saraayect o -

Google (§

Find My Nearest Depot Depot List Find My Nearest Depot Depot List

Figure 6.1: Depot Locator Figure 6.2: Depot Pin

off!

i 150 mi

Donated

0

Allow milk_matters_donor_app to
access this device's location?

150 ml
01/10/2020

Allow all the time

Allow only while using the app

Deny & don’

D. Bossi

Depots &« Security Check

Life Kingsbury Hospital - Medical Ward (Ward H)
021 670 4255

Ward H, Wilderness Rd, Claremont, Cape Town, 7708

Please submit your donor number.

O Take me there!

g oo

Milk Matters Head Office
083 548 7574

The location of drop-off depots are sensitive
information which is only made available to current
donors.

Mowbray Maternity Hospital, 12 Hornsey Road,
Mowbray, Cape Town, 7700

Closed after 5pm

O Take me there!

Figure 6.3: Depot List Figure 6.4: Depot Locator

Security Check

Thank you for declaring your donation drop 0

& 3.0days

£ of 50ml Feeds

Your Donations

Drop-off Complete

Figure 6.5: Request
Location Permissions

Declare Donation
Drop-Off Record a Donation

Figure 6.6:
Notification

Pop-up
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News and Events

News & Events

'5’!!,!‘5’ Milk Matters Open Day
08/09/2020

Read more: v

« share

Pram Friendly Fun Walk

Figure 7.1: News and Events

Become a Donor

= Become A Donor

Thank you for your interest in becoming
a Milk Matters Donor!

The questions below aim to determine your eligibility
as a donor and provide some insight into the Milk
Matters donation process.

Once you complete the questions you can send a
generated email containing your answers to Milk
Matters by pressing the ‘Send Application’ button.

milk
* Question 1
Do you live in the greater Cape Town area or nearby?

TRUE

Ik

my Question 2

10:17 @ »

Share

Pram Friendly Fun Walk www.milkmatters.org/  |OJ

events/pramwalk Shared from the Milk Matte .

3 & © M

Bluetooth Drive Messages Gmail

Figure 7.2: Sharing an Event

Content Loading

Home

i oml < oml

Donated 42 of 50ml Feeds

th Milk Matters

News and Events Feed

\L

Frequently Asked Questions

= Frequently Asked Questions

~
Form
epatitis B test at no
Long-term donors will be requested to repeat the HIV test
Will my donated milk be sold? v
How do | express milk? ~

How do | clean and sterilise my pump? v

What containers can | use? e

Figure 8: Frequently Asked
Questions

System Visibility

fn’;'-l E\

Welcome to the Milk Matters App!
Login below, or create an account to
get started.

Email
= tester@mm.com

. (@

Forgot your password?

Create an Account

Figure 10: Become a Donor

Figure 11: Loading Indicator

for Dynamic Content

Figure 12: Loading Indicator
for System Processing

D. Bossi

Contact Milk Matters

Contact Milk Matters

milk’ i
‘ww‘" Our Mission

Figure 9: Contact Milk Matters

Figure 13: Mobile
Application Colour Palette
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C. System Diagrams
1. High Level System Diagram:

Google Play Store

Apple App Store

Retrieve application content

Download application

¥

—

App usage

Mobile Application

Local SQL Datbase

Write data to cloud database 4

Firebase Back-end
System
.
Realtime Database
N S

.

Authentication
Services

| —

Execute database changes

|
Retrieve data

Milk Matters Web
Tool

Update app content

Utilise database data

D. Bossi

Q

Users (donors & Milk Matters
nen-donors) Siaff
Figure 14: High Level System
Diagram
2. Mobile Application Package Diagram:
customWidgets helpers models screens services
- fcards - AuthExceptionHandler - Depot - fauth - AuthService _
- MapPinFillComponent - AuthResultStatus - DonationDropoff - adeplotLocatolr - FirebaseDatabaseService
- NavDrawer - Baseb4image - DonorUser - .fdonatlonTrlacklng - LocalDatabaseService
- LocationHelper - EducationArticle - a'edut?atlon
- EducationCategory - AuthWrapper
- GraphAmountDataPoint - BecomeADonor
- GraphFeedsDataPoint - ContactAbout
- NewsAndEventsitem - FrequentlyAskedQuestions
- SuggestedArticle - Home
- TrackedDonation - Loading
- NewsAndEvents
v v ! ! Y
cards auth depotLocator donationTracking education
- ArticleCard - ForgotPassword - DepotLocator - DeclareDenationDropoft - EducationAdicles
- DepotCard - Login - Depois - DonationAmountGraph - EducationCategaries
- FagCard - Register - SecurityCheckDepots - DonationGraphs - SuggestAnArticle
- NewsAndEventCard - DonationTracker
- QuestionCard - FeedsGraph
- RecordADonation

- SecurityCheckDeclareDropoff

Figure 15: Mobile Application

Package Diagram
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D. Application Testing
Since much of the functionality on the application is simplistic, a testing plan was created, covering potential use-cases and the expected
behaviour. An evaluation was carried out and successfully completed, ensuring that the functionality works as expected.

Dynamic Content:

e  Content updated, added, and deleted on the Milk Matters web-app reflects on the mobile application.

Authentication:

e Only users with valid credentials can login.

e  Users can successfully register accounts, creating a Firebase Authentication account and storing user details in the Database.

e Form validation (validating required fields, emails, and phone numbers) works correctly for the login, register and forgot
password screens.

e  Users without registered accounts cannot request a password-reset email.

e  Users without donor numbers are told so when failing a security check.

e  Only valid donor numbers can pass security checks.

Education:

e Articles relating to the selected category are shown.

e  Article links open the device’s browser when pressed.

e  Form validation works correctly for suggest an article screen.

e  Users can share articles correctly (correct article details are shared, sharing support for all platforms — email, social media, etc.).

Donation Tracking:

e Donation history is shown with the most recent donations first.

e  Donation history shows all tracked donations, and with the correct details.

e  Form validation works correctly when recording a donation.

e  Tracked donations appear correctly, and with the correct information.

e  Tracked donations are stored between application sessions (i.e. persisted even when the application is closed).

e  Donation graphs reflect actual tracked donations.

e The specific donation graph that is displayed reflects which button was pressed (either donation amount or 50ml feeds).
e Depot dropdown list (on declare donation drop-off screen) is populated with the correct depots.

e Only selected donations are declared for drop-off.

e  Declaring a drop-off is reflected on the Milk Matters web-app.

Depot Locator:

e  Application requests correct permissions when it is first opened.

e When pressed, the depot pins display the correct information.

e The ‘Find My Nearest Depot’ finds the nearest depot and does not work when the required permissions are denied.
e The depot list is populated with the correct depots and displays their details correctly.

e The ‘Take Me There’ buttons on the depot list screen display the correct depot.

e  Users can access directions and the depot location from their own, preferred navigation application.

News and Events:

e  Users can share news and events correctly (correct article details are shared, sharing support for all platforms — email, social
media, etc.).

Become a Donor:

e  Submitting the form opens the device’s email client, correctly populated with the user’s answers.
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E. Evaluation Tasks

Both the prototype and final application evaluation required the donor participants to complete several tasks, taking them through the
mobile application’s functionality. The tasks for the prototype evaluation and the final mobile application evaluation are outlined below. To
provide context to the questions and the flow of the evaluation, instructional and informative statements were included.

Prototype Evaluation:

Part 1: Before Donor Registration

Pretend that you have yet to register as a donor with Milk Matters. You have heard that the app allows you to be screened as a donor
and have downloaded it to do so.

1. Create an account.

2. Login to the account.

3. Complete the pre-screening questionnaire.

4.  Access Milk Matter’s contact information and call their office.

Part 2: After Donor Registers and Receives Donor Number

Some time has passed, and you are now a registered Milk Matters donor. You want to use the app to record a donation of 40ml that you
have made.

5. Record a donation of 40ml.

6. View your donation graph, to get a visualization of your donation amount.

You now plan on depositing your donation but are not sure where the nearest milk depot is.
7. Locate your nearest milk depot. (If the user has not yet registered, a popup appears stating: “This account has not been associated
with a donor number yet. Please register your donor number to access this part of the app”).
a.  The participant should now register their donor number.
8. You have just completed your milk drop-off and would now like to declare the drop-off to Milk Matters.

You have heard of an interesting article recently posted to the app, titled “Nutrition in Pregnancy”.
9. Find and view the article.

You recall having heard about the Milk Matters event “Dresses for Lives, 2020”.
10. Find and share the event to your Facebook feed.

You have been doing your own research and have come across an article that you believe would be valuable to other donors using the app.
11. Suggest the article to Milk Matters.

Final Application Evaluation:

Part 1: Before Donor Registration

Pretend that you have yet to register as a donor with Milk Matters. You have heard that the app allows you to be screened as a donor
and have downloaded it to do so.

1. Create an account, and login.

2. Complete the pre-screening questionnaire.

You have been extremely busy recently, and it has been a month since you last used the app. You have realized that you have forgotten
your password.

3. Reset your password.

4. Access Milk Matter’s contact information and call their mobile number.

Part 2: After Donor has registered and receives donor number

Congratulations! You have been screened successfully and are now a Milk Matters donor. Your donor number is 2123.
5. Record a donation of 60ml that you expressed and froze yesterday.
6. View your 50ml feeds graph, to get a visualization of how many 50ml feeds you have donated.

You are ready to drop this donation off at a milk depot. Pretend that the live location of the device is accurate.
7.  Find the depot nearest to you and view its operating times.
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8. You realise that your nearest depot is not open today. Find another depot to drop your milk at.

You were able to successfully drop off your donation at a milk depot.
9. Declare your donation drop-off to Milk Matters.

You want to become more involved with Milk Matters and decide that you want to follow them on social media.
10. Use the app to find and navigate to the Milk Matters Instagram page.

You have some questions about Milk Matters and milk donation.
11. Use the app to find some answers to your questions.

You have come across a breastfeeding article that you think would really help your friend who has recently had a baby.
12. Share an article about breastfeeding via email.

You have been doing your own research and have come across an article that you believe would be valuable to other donors using the app.
13. Suggest a new article for the app.

A friend and fellow donor told you about the Milk Matters Fun Walk but could not remember the date of the event.
14. Find the date of the next Milk Matters Fun Walk.

F. Work Distribution

The project work was split into three main categories and divided amongst the researchers, detailed in the table below.

Researcher Responsibilities

Dino Bossi e  Design and development of the mobile application.

e  Conducting tests on the mobile application.

e  Design and development of the mobile application and Milk Matters web-app prototypes.
e Conducting donor and Milk Matters staff interviews.

Gustavo Amicis M. de e Design and development of the Milk Matters web-app.

Souza Mendes e  Conducting tests on the Milk Matters web-app.

e Design and development of the mobile application and Milk Matters web-app prototypes.
e Conducting donor and Milk Matters staff interviews.

Pieter Gerhard Serton e Design and development of the Firebase back-end system.

e Assisting the development of the mobile application and Milk Matters web-app.

e Design and development of the mobile application and Milk Matters web-app prototypes.
e Conducting donor and Milk Matters staff interviews.

G. Code Documentation
The code used in the Milk Matters Donor Application is commented extensively, both using in-line comments and a generated
documentation website which can be found at: https://gerhardserton.github.io/Milk Matters Donor Facing App/index.html









