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ABSTRACT

The figure of Maternal Mortality Ratio in the global south is worrying and requires a serious attention
from all stakeholders. Despite the progress made on maternity healthcare in the last two decades, a huge
effort is still required to achieve the SDG3 target. The effort includes capacitating the health professionals
and local doulas through training and learning application platforms. Universally designed multimedia
training and learning applications plays such a significant role in facilitating this effort. To design an
accessible maternity training and learning application, the accessibility barriers of the target diverse user
groups must be identified, and the impact of the barriers need to be quantified.

In this research work, we have developed a prototype called M2M that comprises VR-based animation to
identify the possible accessibility barriers of multimedia-based maternity training and learning application
experienced by people with low vision through the combination of heuristic and barrier walkthrough
methods.

We studied the severity of the identified accessibility barriers and their impact which will serve as a
benchmark to develop a fully-fledged maternity health training and learning application for the global
south. We have shown the strong correlation between the number of Ul elements and the prevalence of
accessibility barriers that must be considered in designing the UI/UX of the fully-fledged maternity
training and learning application. We have also observed that multimedia contents must be evaluated
independently for any accessibility issues before integrating the contents to training applications.

KEYWORDS

Universal Design, Universal Design for Learning, Multimedia Training and Learning Application,
Maternity Training and Learning Applications, Virtual Reality-based Learning.

1. INTRODUCTION

Pregnancy and childbirth are among the beautiful phenomena that happen to humans. Maternity
Healthcare aims to keep the happening of this phenomenon without any maternal mortality. This
makes maternity health one of the major priorities of the SDG3 [1]. By 2030, the SDG3 targeted
that the global maternity mortality ratio shall be reduced to less than 70 per 100,000 live births
[1]. The creation of improved services and products through innovation is key to achieve this
target. Researches have shown that innovative ICT artifacts play a significant role in achieving
the SDGs especially in “fragile, low-resource, and remote settings” [2]. Several types of research
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have revealed that multimedia e-learning platforms can facilitate the training of midwives and
doulas in such an efficient and effective manner [2-6].

Some figures have shown worrying facts about maternal mortality ratios in the global south. As
per the world health statistics by WHO, “In 2016, maternal mortality was the second leading
cause of death for women of reproductive age, after HIV/AIDS, and was the leading cause among
women aged 15-29 years” [7]. In 2016, about 95% of the maternal mortalities are recorded in
low-income and lower-middle-income countries [7]. Africa recorded about 65% of maternal
mortality in 2016 [7]. In the same year, “1 woman in 41 who lives in low-income countries died
from maternal causes” [7]. This is generally because of poor maternity healthcare setting that is
also affecting the socio-economic perspective of the Sub-Saharan African countries.

Even though most of the maternal mortalities are avoidable, they are still the headache of
developing countries including Sub-Saharan African countries. The major causes of maternal
mortalities are postpartum hemorrhage, hypertensive disorders, unsafe abortion, and delivery-
related complications [8]. The extent of the mortality is depending on timely and adequate
clinical intervention on the causes [8-10]. However, a lack of maternity health professionals
including midwives is affecting the expected clinical interventions. The local doulas who often
replace the role of professional midwives do not have the required knowledge and skill to tackle
issues which may happen during pregnancy, at the time of delivery, and in the postpartum period
[8]. Digital training facilities by remote midwives and other health professionals can improve the
competencies of midwives and local doulas [11, 12].

This research attempts to address the following questions:

e How critical and culturally sensitive maternity issues are represented using accessible
multimedia?

e What are the key accessibility barriers experienced by people with low vision when they
interact with maternity training and learning applications?

e How can the impact of identified accessibility barriers be quantified?

The rest of the sections are organized as follows. Section two focuses on literature review.
Section three deals with prototyping. Evaluation of the prototype is covered in section four.
Conclusion and future works are articulated in the final section.

2. LITERATURE REVIEW

2.1. Health Communication and Key Issues
2.1.1. Health Communication

Human is a communicative and learning being. This makes communication decisive in every
socio-economic activity of human life. The provision of equitable and accessible healthcare
services requires effective communication. The effectiveness of health communication is
measured by its positive outcome to community health [13, 14]. The primary purpose of health
communication is to impact people to make timely decisions either for prevention or risk
minimization [15]. Health communication is a complex process that conveys a health-related
message and usually takes place in an interpersonal setting between multiple parties [13, 14].
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2.1.2. Critical Factors in Health Communication

In general, the success of health communication is measured by its outcome on the involving
parties. Several studies suggested different factors that decide the success of a health
communication platform. In the context of this research work, the following key factors are
selected since they are decisive in maternity health training applications[13, 15, 16].

= Audience-centered: The communication platform must consider individuals or groups
who are communicating. Without a clear understanding of the users of the
communication facility, it is difficult to deliver the intended outcome.

= Research-based: Health communication does not hit its primary purpose without a
scientific articulation of the communication environment. This requires studying the
“policies”, ’social norms”, and “key issues” available in the environment for desired
behavioral change [13].

= Cost-Effective: The communication facility has to be designed to effectively utilize
“budget and personnel” without compromising the primary target [13].

= Strategic: The message, the channel, the communicating parties, and other relevant
components must be identified and brought together in an action plan to achieve the
target.

= Cultural Competency: The communication platform must cope-up with the norms and
values of the target audiences.

= Adaptable: The communication facility must be adjustable to the context of the
communication environment to deal with different limitations and constraints.

2.2. Maternal Healthcare Services
2.2.1. Maternal Healthcare in Sub-Saharan Africa

The sub-Saharan African region is struggling with different public health issues. Despite the
effort of the region along with international humanitarian organizations including the UN and
WHO, the region is still far away from achieving SDG3 targets. Maternity health problems and
their consequences are among the major public health issues that the Sub-Sahara African
countries are struggling to reduce. In 2015, the MMR of sub-Saharan Africa is 546 per 100,000
live births which is extremely far from the average MMR of developed countries which is 12
maternal deaths per 100,000 live births [17, 18]. In the same year, the Sub-Sahara African
countries accounted for 66.3% of the global MMR which was the largest proportion in the world
[19].

Some African countries like South Africa have been recording huge progress in reducing MMR.
However, most of the sub-Saharan African countries are still struggling to make a significant
progress in maternity healthcare. According to a study in 2013, Ethiopia MMR was 497 maternal
deaths per 100,000 live births[20]. As per the study on 6299 Nigerian women who gave birth
from 2007 to 2012, 34.9% of them did not attend maternal healthcare services [21]. In 2012,
Mozambique MMR was also recorded high which was 500 maternal death per 100.000 live births
[10]. In DRC, the MMR was very high in 2008 which was 670 per 100,000 [22]. These all
figures have shown promising signs of progress from 2008 to 2018. However, DRC has remained
as the sixth-highest MMR in the world in 2018 [23].

Several pieces of research studied the critical factors behind these shocking figures.
“Affordability, availability and accessibility” were the critical factors in Nigeria and shared by
other sub-Saharan African countries [10, 20, 21]. Different kinds of local and cross-national
conflicts are among the critical factors for such high MMR in DRC [24]. Cultural beliefs also a
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decisive factor in deciding to attend the available maternal healthcare services [25, 26]. Almost
all of the above studies which are investigated the reason behind high MMR in sub-Saharan
African countries mentioned a lack of skilled midwives and other health professionals as one of
the critical factors.

The traditional birth attendants and doulas play a significant role in the sub-Saharan African
maternity healthcare services as they are the one who combats with poor healthcare settings. In
DRC, by 2008, more than 40% of births were attended by these traditional attendants or doulas
[22]. In Malawi, doulas are the common options for most rural maternity health issues [27]. In
2011, more than half of births in the rural areas of Mozambique were attended by doulas [28].
The process of “professionalization” of these doulas is helpful to reduce MMR in sub-Saharan
African countries [29]. Innovative ICTs are ideal solutions in accelerating this
“professionalization” process by capacitating doula's knowledge and competencies through
training and learning platforms [11].

2.3. Multimedia Training and Learning Platforms

Multiple media known as multimedia became the core components of e-learning platforms. This
is because multimedia accelerates understanding to learners through active engagement in the
learning-teaching process [4]. This is called the “multimedia effect” that is resulted from
embedded multimedia contents in learning platforms [4]. The use of multimedia in learning
platforms has several advantages including personalized education, flexibility, and comfortability
for a variety of personality types [30]. Multimedia provides learners “more control” on the
schedule, content, learning styles, and pace of education or communication [31].

2.3.1. VR-based Training and Learning Platforms

VR technologies have been applied in different sectors because of their advantage in simulating
real-world scenarios. Desktop VRs are non-immersive VR environments that are widely
applicable in educational landscapes to improve content browsing and hands-on experience as
well as to increase learning outcome [32-34].

3. PROTOTYPING

3.1. Overview

We have designed an interactive mid-fidelity prototype called M2M using Axure RP 9 Team
Edition. The M2M prototype will be used to test how users will interact with the system and to
observe the accessibility barriers occurred in the interaction.

3.2. Sample Multimedia Content for the Prototype

We have prepared a sample VR-based multimedia content for the prototype using professional
Autodesk® 3ds Max® 2017 and Adobe Premier Pro 2019. The VR-based multimedia content is
about handling a postpartum hemorrhage which is one of the leading obstetric causes for

maternal mortality in Sub-Saharan African countries[35]. We have presented a sample snapshot
of the VR-based multimedia content in Figure 1.
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Insert the UBT to the uterus and push a 50-milligram litter of water

Figure 1. Snapshot of VR-based animation showing midwife inserting the uterine balloon tamponade
(UBT) Kit to the Uterus

3.3. Prototype Development

3.3.1. User Flows

We have prepared user flows based on the selected functional requirements. User flows are
crucial to “determine the scope of the prototype” and later to test accessibility and usability of the
product [36, 37].

3.3.2. Building the Prototype

After all the user flows are defined, the prototype is built using Axure RP 9 Team Edition as a
web application as it is depicted in Figure 2.

O WlnneatenayCheree X S

c e U2er5{Len vy Dezk1o o/ NO Wy T ezl Rinais P otoTy FIrg A2, 20 e MS%am iy Shangeer,twa it T 2@Cn MO

Figure 2. User is accessing Maternity Emergency course comprises VR-based animation
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4. PROTOTYPE EVALUATION

4.1. Overview

We have used the heuristic web accessibility method with the combination of the barrier
walkthrough and the cooperative evaluation technique to evaluate the prototype [38-40].

Firstly, we have selected three use cases of the M2M, and we have prepared three task scenarios
based on the selected use cases. The selected task scenarios are ‘User Registration’, ‘Access a
Virtual Classroom’, and ‘Access a Maternity Emergency Course’ that contains VR-based
animation about Post-partum Hemorrhage. Secondly, we have defined user personas, difference
in ability, and selected assistive technologies. As a result, we have identified midwives as user
groups and screen magnifier as an assistive technology. We selected people with visual
impairment as group of people with different abilities. Finally, we have selected interaction with
mouse, touchpad, and Keyboard as interaction devices with M2M after we defined the common
accessibility barriers based on the selected diverse user groups, task scenarios and selected
interaction devices.

4.2. Selected Diverse User Group and Task Scenario

We have selected five participating users with low vision whose age is between 30-41 from the
Sub-Saharan African region. The selected users often access web using magnifying glasses and
Windows Screen Magnifier. The participated users are trained and instructed to perform the tasks
stated in Table 1.

Table 1. List of Task Scenarios

Task Task Description
ID
Taskl register to M2M system by accessing the homepage.

Task2 login to M2M
Task3 access the virtual classroom

Task4 | access ‘Maternity Emergency’ course comprises VR-based animation
content from the virtual classroom.
Task5 logout from M2M.

4.3. Evaluation Setup

The evaluation takes place using the same laptop for all participants with Google Chrome
Version 90.0.4430.72 in silent room where there is only one participant and one author (expert
observer). The author provided a task sheet for the participants in hard copy for reference in the
middle of the tasks. The tasks take 30 minutes which is 50% longer than the total task time as per
the cooperative evaluation guideline [40]. The author communicated and observed the
participants in the evaluation period regarding any difficulty they encounter. After the
participants completed the tasks, they have responded for post-evaluation questionnaire.
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4.4. Evaluation Metrics

As per the accessibility walkthrough method, the severity of a barrier is determined by the impact
of the barrier on performance parameters called productivity and user satisfaction [41]. We have
modified (contextualized to the M2M prototype) the suggested metrics and presented the
definition of the metrics below.

e Persistence: The frequency of the barriers appeared. A total persistence is calculated as
persistence multiplied by the number of users who reported that barrier.

e Severity: The degree of the effect of the barrier on the execution of a task. This value is
given by the author and if it is 1-2 that means it is a minor severity and does not affect
the execution of the task. If severity is between 3-5, the barrier affects task execution, but
the user overcomes it using different alternatives. If the severity is greater than 5, it
critically affects the task execution and user often exit the application or unable to reach
task’s goal.

4.5. Evaluation of the Multimedia Content
The content of the sample course is represented using VR-based animation. We didn’t evaluate
the mutlimeida content indepndently for any accessibility issue before integrating it to the

prototype. Instead, we have included open subtitle as an access service after we complete the
rendering of the anmiation.

5. RESULT AND ANALYSIS

5.1. Evaluation Result

Table 2 summarizes the evaluation result of registration task whereas Table 3summarizes the
result of logging task. Table 4 summarizes the evaluation of accessing the virtual classroom and
Table 5 summarizes the evaluation of accessing a course content that comprises the VR-based

animation.

Table 2. Taskl Evaluation Result

Accessibility Barrier Total Severity Pages Involved No of
Persistence Users
Reported

Low contrast 6 Critical homepage, 3
registration page

Insufficient time to 1 Significant | user registration 1

complete a task page

Ul elements cannot be 7 Critical homepage, 1

controlled by keyboard registration page

No keyboard shortcut 5 Critical homepage, 1
registration page

One participant took more than ten minutes to register to M2M and could not be successful and
later decided to exit the evaluation after the first task.
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Table 3. Task2 Evaluation Result

Accessibility Barrier Total Severity | Pages | No of Users
Persistence Reported
Low contrast 3 Critical Login | 3
Ul elements that cannot be 1 Minor Login |1
controlled by keyboard
Table 4. Task3 Evaluation Result
Accessibility Total Severity Pages Involved | No of Users
Barrier Persistence Reported
Low contrast 6 Critical VC Home, VC 3
Course List
Too many Ul 9 Critical VC Home, VC 3
elements Course List
Missing tooltips | 3 Minor VC Home 1
Inaccessible 4 Significan | VC Home, VC 2
graphical link t Course List
images
less intuitive Ul | 9 Critical VC Home 3
components
Table 5. Task3 Evaluation Result
Accessibility Total Severity | Pages Involved No of
Barrier Persistence Users
Reported
Low contrast 3 Critical VC Course Maternity 3
Chapter One
Missing tooltips 2 Minor VC Course Maternity 1
Chapter One
Inaccessible 2 Minor VC Course Maternity 2
graphical link Chapter One
images
Non-synchronized | 2 Minor VC Course Maternity 1
caption Chapter One
Non-descriptive 1 Minor VC Course Maternity 1
transcript Chapter One
No-Audio Control | 4 Significa | VC Course Maternity 4
nt Chapter One
No Audio Alert 4 Significa | VC Course Maternity 4
nt Chapter One

There is no barrier registered for Task5 since it only requires a single-click operation to logout.
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5.2. Analysis of Result

5.2.1. Severity of Tasks

The severities of the tasks are analyzed and presented in Figure 3.

Severity of Tasks
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Tasks

H Pimor Significant M Critical
Figure 3. Severity of tasks

When the result is analyzed, 25% of the barriers are related to low contrast which is categorized
as critical severity based on the barrier walkthrough method. Minor severity barriers represent
25% whereas the rest 50% corresponds to significant severity. The overall distribution of each
barrier in all tasks is presented in Figure 4.

Persistence Distribution in All Tasks

No Audio Alert m—— %
No-Audio Control —————— %
Non-descriptive transcript = 1%
Non-synchronized caption s 3%
less intuitive Ul components m——— ——sm 3%
Inaccessible graphical link images (without... S ——— 5%
Missing tooltips ——— ———— 7%
Too many Ul elements  ———— ] 3%
Mo keyboard shortcut  —— 73
Ul elements that cannot be controlled by... n— —— —— 11%
Insufficient time to complete a task mm 1%
Low contrast 25%

Barriers

0% 5% 10% 15% 20% 25% 30%
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Figure 4. Persistence distribution in all tasks
5.2.2. Persistence Vs. Accessibility Principles

When we analyze the accessibility barriers based on accessibility principles, 61% of the total
issues are related to perceivable, 32% belongs to operable, and the rest 7% belongs to
understandable. Most of the accessibility barriers belongs to the accessibility principle of
perceptibility. This is because 41% of less perceptible content results from low contrast and 20%
of less perceptibility comes from less intuitive Ul components. The use of automatic accessibility
testing tools for contrast issues can solve the problem when a fully-fledged maternity learning
and training application will be developed.

We have used only color codes as the only means to distinguish between Ul elements and their
functionalities which causes the 20% of accessibility issues related to perceptibility. This implies
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that, the notion of distinguishing Ul elements must consider other techniques in addition to color
codes to develop an accessible multimedia training and learning application.

When we analyze the frequency of accessibility barriers (persistence) across the accessibility
principles and a task, we get the figure depicted in Table 6. The first percentile represents the
appearance of accessibility barriers in a Taskn(T») that violates a given accessibility principle
relative to all other accessibility barriers in a Task, whereas the second percentile represents the
persistence of accessibility barriers relative to all other accessibility barriers that violates a given
accessibility principle in all tasks (T acv).

Table 6. Analysis of persistence across accessibility principles

Task | Perceivable Operable Understandable
P relative to P relative to P | relative to
Th TaLL Th TaLL Th TaLL
Taskl | 6 32% |[14% |13 |68% |57% 0 |0 0
Task2 | 3 75% | 7% 1 25% | 4% 0 |0 0
Task3 |19 | 61% |43% |9 29% | 39% 3 | 10% | 60%
Task4 |16 | 89% |36% |0 0 0 2 | 11% | 40%

5.2.3.Persistence Vs. Number of Ul Elements

Table 6. shows most of the accessibility barriers in each task are belongs to perceivable. This
implies that people with low vision who have interacted with M2M had difficulties to percept Ul
components and their corresponding semantics despite they have used Windows Magnifier as
assistive technology. In Task3, 43% of the barriers are belongs to perceivable compared to all
other tasks. This is because the pages involved in Task3 (VC Home, VC Course List) have more
number of Ul elements compared to other pages in other tasks.

To study more, we compute the correlation between the persistence value and the number of Ul
elements in tasks. The data is summarized and presented in Table 7.

Table 7. Number of Ul elements Vs. Persistence

Tasks Persistence | No of Ul elements
Taskl 19 22
Task2 4 8
Task3 31 23
Task4 18 21
Correl (X,Y) = G e (1)

(x-%)2X(y-y)?

As it is depicted in Figure 5, By applying (1), we get a correlation coefficient of 0.89 which
shows a strong correlation between number of Ul elements in a page and the frequency of
accessibility barriers. This implies that the number of Ul elements in a page should be relevantly
small to make the UI/UX simple, intuitive, and more accessible.
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Figure 5. No of Ul Elements Vs. Persistence

It is also observed that all the participants are familiar with the traditional user registration and
login interfaces where they did report less accessibility barriers. However, they encountered more
barriers in pages related to virtual classroom. The comparison between the traditional login and
registration pages and non-familiar virtual classroom pages summarized in Figure 6. This implies
that more emphasis needs to give to pages or interfaces that involves domain-specific and non-
familiar functionalities in designing the UI/UX of the fully-fledged maternity training and
learning application.

o O O
Persistence Distribution Across Pages
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Perceivable Operable Understandable
Accessibility Principle
B Registration and Login W Virteal Classroom
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Figure 6. Persistence distribution across pages

We did not record any kind of accessibility barriers related to the robustness accessibility
principle. This is because, we did not evaluate the prototype against different version of user
agents.

5.2.4. Accessibility of The Multimedia Content

It is observed that the number of persistence increases when a task involves a multimedia content.
As indicated in Table 5, 83% of the accessibility barriers are related to the multimedia content
itself in Task4. It can be referred from Figure 6. that the multimedia content’s transcript is hard to
perceive due to low contrast of the text. This infers that the contrast of the transcript and caption
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of a multimedia content must consider the contrast ratio to the page and the contrast ratio to the
multimedia itself (the VR-based animation). For this reason, the accessibility of maternity
multimedia needs to be evaluated independently before integrating it to the application.

Active Courses '
Chapter Two

k i
Y
o

> 000/0:a8 @

Figure 7. Low contrast of transcript (red-circled) that makes hard to perceive content
5.3. Limitation of the Study

This study has several limitations related to the number and type of participants. We managed to
participate only five users who all are midwives. Four out of five participants are Ethiopians, and
the only other participant from Sub-Saharan Africa is Nigerian. In addition, we could not
manage to participate local doulas in the evaluation of the prototype because of travel restrictions
caused by the COVID-19 global pandemic. These all factors narrow our sample that may limit
the significance of our study.

6. CONCLUSION AND FUTURE WORK

6.1. Conclusion

To design an accessible maternity training and learning application, the accessibility barriers of
the target diverse user groups must be identified, and the impact of the barriers need to be
guantified. In this research work, we have developed a prototype to identify the possible
accessibility barriers of multimedia maternity health training and learning application
experienced by people with low vision. We studied the severity of the identified accessibility
barriers which serve as a benchmark to develop a fully-fledged learning and training application
for maternity health.

This research work contributes in two directions. Our first contribution is the identification of
accessibility barriers related to maternity health training and learning application and their
severity that impacts performance parameters. Secondly, we have shown the strong correlation
between the number of Ul elements and the occurrence of accessibility barriers that must be
taken in account in designing the UI/UX of the fully-fledged maternity training and learning
applications.
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Future Works

Despite our effort to develop a prototype that used to identify the accessibility barriers and their
severity, there are still some important issues that must be addressed to develop a fully-fledged
multimedia-based training and learning application for maternity health. We have summarized
some of the future directions in this topic as follows:

e The evaluation of the prototype is done using the combination of barrier walkthrough,

cooperative evaluation, and heuristics method by only considering people with low
vision. Further study must be conducted in consideration of other diverse users and their
situations.

e The prototype we have developed is a web application. The prevalence of mobile devices

and the expansion of Internet infrastructure in the Sub-SaharanAfrica enabling people to
access online training contents through their mobile devices. The identification and
severity measurement of accessibility barriers related to maternity training and learning
mobile applications requires further study.
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