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Abstract

There is a pressing need to fostering inclusion and diversity in technology, and digital identity
systems are not an exception. In recent years, extensive research has shed light on the absence of
gender inclusivity in various computing scenarios. Additionally, research into gender differences
has established that individual differences in how people problem-solve often cluster by gender. To
bridge this gap and to contribute to the research on the gender-inclusiveness of national digital ID
systems, we performed a 4-month case study with MOSIP organization by leveraging the
GenderMag methodology. The GenderMag methodology is a well-established evaluation method
through which technology designers and developers evaluate their system to identify gender
inclusivity bugs. MOSIP software practitioners identified gender-inclusivity bugs in 55% of the
features they evaluated. The gender inclusivity bugs could be categorized into 6 broad bug
categories that can cause end users frustration, make mistakes, or give up using the application.

1. Introduction

Research consistently highlights the pressing need for fostering inclusion and diversity within the realm of technology.
This imperative extends to various areas, including digital identity systems. Ensuring that digital identity systems
designed with inclusivity in mind can lead to more equitable and accessible technological solutions for individuals
from diverse backgrounds.

Diversity is a complex multidimensional construct. It is the range of human differences, including but not limited
to race, ethnicity, sexual orientation, age, social class, physical ability, or attributes, religious or ethical values system,
national origin, political beliefs with gender diversity being one of them. In recent years, extensive research has shed
light on the absence of gender inclusivity in various computing scenarios. These encompass not only educational
settings but also the computing workforce and, more broadly, across STEM communities [4, 8].

In recent years, research into gender differences has established that individual differences in how people often
problem-solve cluster by gender. Research also shows that gender differences have direct implications on software
that aims to support users' problem-solving activities and that much of this software is more supportive of problem-
solving processes favored (statistically) more by men than by other people.

Removing gender biases from these technologies is crucial to ensure equal opportunities and access for everyone.
If these tools perpetuate gender biases, it can lead to the exclusion of a significant portion of the population, limiting
their ability to fully participate and benefit from the technology. For example, the failure of digital ID systems due to
underlying biases (e.g., when physical characteristics of marginalized communities failed to be captured biometric
authentication mechanisms) can lead to the exclusion of people from the ID system or accessing related services.
These kinds of biases further risks marginalizing vulnerable people who may not be covered by the system [6].

To bridge this gap and to contribute to the research on the gender-inclusiveness of national digital ID systems, we
worked with MOSIP, a large organization that provides an open-source foundational identity platform that helps
governments and other organizations to implement a national digital ID system. This case study aims to help MOSIP
create a gender-inclusive platform and help multiple Global South countries to address the gender gap in their
governance software(s), in ways that potentially have useful implications making use of MOSIP’s platform.



We used the GenderMag method evaluate the National ID system. GenderMag, also known as the Gender-
Inclusiveness Magnifier, is a usability inspection method to help software practitioners find and fix gender-inclusivity
bugs in their software. GenderMag method focuses on five facet---cognitive styles where research has found individual
differences to cluster by gender---brings them to life through 3 faceted personas and encapsulates use of these facets
into a systematic process that uses the inspection method Cognitive Walkthrough (CW) [11]. A GenderMag evaluation
produces a list of gender-inclusivity bugs which can be used by software developers and designers to fix their software.

In this case study, we evaluated the Inji application built on the MOSIP platform. This application is a type of
resident (end-user) mobile application used for digital ID issuance to the residents. We evaluated the application from
the perspective of supporting cognitive diversity of the two endpoints (personas) of the user population, thereby
removing gender bias. The motivation behind performing this case study was MOSIP’s vision of inclusion in universal
coverage and accessibility of information and technology for individuals in their digital ID systems [7].

We worked with the software designers, product owners, and policy planners in the MOSIP team to answer the
research question:

RQI1: Do national digital ID platforms have gender-inclusivity bugs? If so, what kinds of gender-inclusivity
bugs do they exhibit?

We answered this research question by evaluating the Inji application using the GenderMag method and found
55% of gender-inclusivity bugs in the application features we evaluated. We then categorized these inclusivity bugs
(54) into six bug categories that can guide the “fixes” to these bugs. For example, developers might consider the
impact of one type of bug greater than another and decide to prioritize it.

The core contribution of this case study is the first in-field evaluation of a digital identity system from the lens of
gender-inclusiveness. Being the first investigation into the existence and categories of gender inclusivity bugs in
digital identity software, our study's findings have the potential to unveil fresh opportunities for enhancing gender
inclusion in digital identity platforms and creating a more inclusive space for users with diverse cognitive styles.

2.Background: The GenderMag Method

GenderMag, also known as the Gender-Inclusiveness Magnifier, is a usability inspection method to find and fix
gender-inclusivity bugs in problem-solving software. This method can be used by software practitioners to evaluate
the software they design and develop from a gender-inclusiveness perspective. GenderMag method focuses on five
facets of gender differences, brings them to life through three faceted personas and encapsulates use of these facets
into a systematic process through a gender specialization of the Cognitive Walkthrough (CW) [11].

The GenderMag method’s five facets of captures an individual’s cognitive style, which guides their interaction
with capture an individual's diversity of motivations for using technology, their information processing styles, their
computer self-efficacy, their attitude toward risk in using unfamiliar technology features and their learning style (by
process vs. by tinkering) [1]. The "inclusivity bugs" uncovered by GenderMag are instances where a technology
product fails to fully accommodate the complete range of values associated with the five facets, leading to a
disproportionate impact on individuals whose cognitive styles are unsupported. These bugs are also considered
gender-inclusivity issues because the facets reflect statistical differences among gender preferences in cognitive styles
[1].

The GenderMag method introduces three personas, namely Abi (Abigail/Abishek), Pat (Patricia/Patrick), and Tim
(Timara/Timothy). The facet values represented by the Abi persona are disproportionately skew towards women, the
facet values represented by Tim are disproportionately skew towards men, and Pat provides a third set of values within
Abi and Tim [1]. A portion of Abi and Tim persona are shown in Figure 1 and Figure 2.

The GenderMag faceted personas are integrated into a systematic specialized Cognitive Walkthrough (CW)
process. During this evaluation, the evaluators adopt a specific GenderMag persona (say Abi), customize the persona’s
background (optional) and systematically “walkthrough” each step of a use case. They then respond to questions
related to the persona's sub-goals and actions for completing the use case. For instance, Will <Abi > have formed this
subgoal as a step to their overall goal? (Yes/no/maybe, why, and the facets attached). If the evaluators find Abi would
not have formed the subgoal because of their underlying facet, then there is an inclusivity bug. By following this
process, evaluators can find inclusivity bugs in their UI along with their corresponding facets, which are crucial to the



fixes. Inclusivity bugs can be addressed effectively by designing fixes around the specific facets that highlighted the
inclusivity bugs.

The result of GenderMag evaluation then is a bug report listing both usability bugs (no facets involved) and
inclusivity bugs (one or more facets involved), which the developers can then prioritize and fix.

The customized portion of the persona

teenage son to help her navigate the new tech... does not own a smartphone...

Abi (Abigail/Abishek)

45 years old
Homemaker
Lives in Manila, Philippines

Attitude toward Risk: Abi's life is a little

Motlvations: Abi uses echnologics complicated and she rarely has spare time. So

Wﬂm' .She leams she is risk averse about using unfamiliar

AW techirioligles fonly] if and.when technologies that might need her to spend extra

she needs to..... time

| Learning: by Process vs. by Information Processing Style: Abi

Computer Self-Efficacy: Abi has Tinkering: Abi leans toward process- tends towards a comprehensive
low confidence about doing oriented learning....She doesn't information processing style .....she
unfamiliar computing tasks. If | particularly like learning by tinkering gathers information comprehensively
problems arise ....she often blames with software .....but when she does fo try to form a complete
herself. ..... ‘ tinker, it has positive effects on her r i f th for:

understanding of the software. trying to solve it....

Figure 1: GenderMag’s Abi persona as customized by Team M. The blue portions of the persona are
customizable. Abi’s facets statistically represent women in how they interact with technology.

3. Methodology

To answer our research question, we conducted a case study. A case study is an empirical investigation, drawing
from multiple forms of evidence, into a specific phenomenon in a specific real-life context [9]. Our “case” was the
use of GenderMag by a real team engaged in a real software development project. The context was Team M, the digital
identity application they were developing, and its evaluation. The case study ran for 4 months and followed Team M
in developing a digital identity platform for government organizations (including the residents of these countries).
Team M was interested in GenderMag because the Inji application was part of MOSIP’s vision of inclusion in
universal coverage and accessibility of information and technology for individuals [7].

When our case study started, Team M was in the process of developing a digital prototype of the Inji mobile
application. This application was under the ID issuance module of the MOSIP platform which looked at the process
of issuing a digital ID to a country resident. Team M had prepared the prototype on Adobe XD, a design tool for
mobile and web applications.

The case study involved active participation from various industry professionals within Team M. These
professionals encompassed the project owner and manager, responsible for leading the GenderMag evaluation sessions
and upholding the team's vision. Additionally, there was a design team dedicated to refining the user interface through
iterative processes, a team of software developers and engineers, entrusted with the task of bringing the design
prototypes to production, and an advisory group consisting of policymakers and HCI researchers.

Team M used GenderMag to evaluate the prototype of the Inji application. In preparation for the upcoming
evaluations, the Product Owner of Inji engaged in discussions with Researchers R-1 and R-2 to select the specific use



cases to evaluate (listed in Table 1) and determine the appropriate GenderMag persona(s) to use. The evaluations were
carried out from two distinct perspectives: that of Abi and Tim personas.

Tim (Timothy/Timara)

(Tim starts work by answering emails... believes tech is a solution to aimost every

24 years old
Financial Consultant
Lives in Singapore

V.
problem... Does grocery shopping using an app... he does not mind questioning the

& authority.

Motlvaglons: Tim !lkeg'lggmmg all Attitude toward Risk: Tim
e _s_u&mieaiuiof_te_ch_nol_ogy_that haven't

their devices and computer been proven to work. When he is..

systems...

. Learning: by Process vs. by
Computer Self-Efficacy: Tim has Tinkering: Whenever Tim uses new Information Processing Style: Tim
high confidence in their abilities with technology, they try to construct leans towards a selective information
technology and thinks they're better their own understanding of how the processing style or “depth first”
than the average person at learning software works internally. Tim likes approach... delves into the first
about new features. If they can't fix tinkering and exploring the... . promising option, pursues itand if it
the problem,... functions of the software... doesn't work out he backs out and...

Figure 2: GenderMag’s Tim persona as customized by Team M. The blue portions of the persona are
customizable. The facets values of Tim persona statistically represent men in how they interact with technology.

To prioritize the inclusion of underrepresented users, Team M conducted the evaluations with the Abi persona
(depicted in Figure 1). However, they also sought to achieve comprehensive gender inclusion in their application and
thus performed additional evaluations using the Tim persona (depicted in Figure 2). To channel the GenderMag
personas accurately, the background and skills sections of both Abi and Tim personas such as appearance,
demographics, experience, job title, etc., excluding facets, were customized to reflect the characteristics of residents
from the city of Manila, Philippines.

Table 1: Use cases Team M used for evaluation of Inji Application.

se Cases for Inji Application

[Use case 1: A resident who has enrolled and received their physical ID card uses Inji application to download their digital
credential on their smartphone.

[Use case 2: A resident shares their digital credential with a third party (could be a bank, a Govt department) by scanning a
QR code of a requesting app. Example: To open a bank account, the resident is required to share their ID card with the bank
executive. The bank executive uses a banking app to request for an ID using a QR code.

[Use case 3: A resident who has enrolled and received an Application ID(temporary tracking number) at the registration
center but is yet to receive their ID card installs Inji on their smartphone and uses it to download their digital credential.

[Use case 4: A resident shares their digital credential with a third party (could be a bank, a Govt department) by scanning a
QR code of a requesting app and provides consent for presence verification by performing an offline face-authentication

Team M conducted a thorough evaluation of the four use cases through a series of 12 two-hour long GenderMag
sessions held via Zoom, with video recording. These sessions involved the presence of members of Team M along
with the research team, who provided coaching and took observation notes. Team M meticulously documented their
evaluation process step-by-step using GenderMag forms, which effectively served as their Gender-inclusivity 'bug



report'. After each session, the team held debriefings to review the generated bug report, exchange ideas for potential
solutions, and strategize for the subsequent evaluation session.

To analyze the data, two researchers collaboratively performed content analysis [5]. Two HCI researchers
independently coded 20% of the GenderMag form data using the code set in Table 3. We selected this code set as it
categorizes inclusivity bugs from an end-user’ perspectives [2]. We wanted to cluster the inclusivity bugs based on
how it could prevent a user from completing the steps identified in the use-cases. The HCI researchers achieved an
inter-rater reliability rate (IRR) of 80% (Jaccard) [10]. Given these high IRRs, one researcher then finished up the rest
of the coding.

To ensure the rigor of our study, we used triangulation, which involves converging evidence from various sources
to enhance the validity of the findings [3]. We utilized investigator triangulation to safeguard the rigor of the qualitative
coding efforts using independent coding by different researchers and then calculating inter-rater reliability.

4. Results

The main goal of this case study is to understand if the national digital identity platform has gender-inclusiveness
bugs. Hence, we begin by answering the first part of the RQ1: Do national digital ID platforms have gender-inclusivity
bugs?

Team M found gender-inclusivity bugs in 55% of the questions answered in the 12 GenderMag evaluation sessions
while evaluating the Inji application from Abi’s and Tim’s perspectives. The 12 GenderMag walkthroughs covered 4
use cases (see Table 1) and answered 98 questions about Abi’s and Tim’s subgoals and actions. Among the 98
questions, Team M identified gender inclusivity bug in 54 of these questions. They classified a bug to be a gender-
inclusiveness bug if the team listed one or more of the facets in Abi, or Tim’s persona facets as a reason for the bug.
Table 2 provides a summary of the inclusivity bug found per use case.

Table 2: Summary of the numbers of bugs Team M found from Abi and Tim’s perspective.

Use Cases Total # Questions Total # Bugs Total #BI;lgc:usivity Ilzollfsfivcifyngfltgs
Use case 1 24 12 11 45.83%
Use case 2 17 13 12 70.58%
Use case 3 20 17 17 85%
Use case 4 37 18 14 37.83%
Total 98 60 54 55%

The facets played an important role in focusing Team M’s attention during the evaluation sessions. Facets are the
GenderMag method’s 5 cognitive styles that cluster around gender. These facets make the research findings actionable
about characteristics common in Abi-like users and Tim-like users. For example, if a feature in the Inji application is
not explicit within the use case’s workflow, Abi-like users will be unlikely to use it because they are risk averse and
unlikely to tinker around the interface. Team M used all the facets during the GenderMag evaluation sessions. Figure
3 shows the distribution of facets used by Team M during the 12 evaluation sessions.
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Figure 3: Distribution of facets used by Team M over 12 evaluation sessions for both Abi and Tim. Attitude
towards Technology Risk is most frequently used. They also used none of the above option.

During the evaluation sessions, the evaluators most frequently referred to Attitude Towards Technology Risk facet.
For example, while evaluating use case 3, one of the questions Team M evaluated was “Will Abi know they did the
right thing and are making progress toward their goal after clicking on the Unlock Application button to download
their digital credentials using Application ID on Inji App?” When evaluating this question on the screen where Abi is
asked to enter a passcode to proceed further, the team felt that because Abi is risk-averse, she would be stressed if she
does not remember the passcode and if there is no help option present on the screen.

Team M: “If she doesn’t remember the passcode. She would be stressed. As there is nothing on the screen to get
help.”
Team M: “If'she doesn’t have the passcode, she would exit the app”

Since the risk facet was identified as a reason for Abi not taking the action, it was marked as an inclusivity bug.
The GenderMag evaluations made the team realize that their users are generally risk-averse while using digital 1D
systems to access and store their identification information on digital platform [6].

Team M used other facets as well during the GenderMag evaluations. Information Processing Style and Computer-
Self Efficacy facets were used heavily. Figure 3 shows that along with using all the facets, Team M also chose the
none of the above option during evaluations. This shows that Team M did not feel pressured to choose a facet during
evaluation. They evaluated the application from the given persona’s perspective and attached a facet only where they
felt it was necessary to do so.

On comparing the percentage of gender-inclusivity bugs found for Abi and Tim for Use Case 4, we found that the
percentage of gender-inclusivity bugs were more for the Abi persona than for the Tim persona. (Figure 4). This implies
that the Inji application were disproportionately disadvantaging Abi-like users. Additionally, this shows that a sizable
fraction of bugs would have gone undetected for both Abi-like users and Tim-like users, if this evaluation was not
performed. This would have end users when they used the application.
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Figure 4: Comparative view of percentage of gender-inclusivity bugs found for Abi and Tim for Use Case 4.

To answer the second part of the RQI: What kinds of gender-inclusivity bugs do they exhibit? we performed
content analysis on the GenderMag forms data. The vision for this analysis was to provide an overview of the types
of bugs in the system, which would be helpful for developers and designers understand the type and impact of these

bugs.

To perform the content analysis, we categorized the bugs found during GenderMag evaluations over each
conversational turn into six categories as described in Table 3. A conversation turn for an individual means a team
member was answering the GenderMag question before someone else spoke. The team used a round robin format,
where each individual spoke about a bug before passing the turn to the next person. The column “Frequency of
Occurrence” shows the number of bugs for a bug categorization.

Table 3: This table summarizes the code set used for categorizing the bugs (column 1,2,3) and the
frequency of their occurrence (column 4)

Frequency of

Bug Category Types of Bugs Found Examples (quotations from form) Occurrence

“..“Don't have UIN/VID. Get it now”

This is a "dead end" Links/texts going to wrong |might be confusing. This will initiate the

(user led nowhere) places. loop kind of deadlock” 8
“Tim will question why bluetooth is

Not enough guidance for |Assign. steps/step order not [required here, given that they have just

user on where to focus motivated. provided camera access” 7
“Although <Abi> is familiar with
WhatsApp, she is not a tinkerer, ...but
process-oriented learner. She might scroll

Newcomer-unfriendly |[Newcomer-unfriendly & on <to> the see but may not click on the

(assuming knowledge) unconventional navigation. |card” 21

Unclear whether more
information is required to “Abi will read the entire screen. But she

Missing information move forward. sees UIN/VID but not AID anywhere” 27
“Tim might click on the “Get it now”
option present on the bottom of the screen

Failure to guide user Users can complete steps and move away from the screen. Tim

toward benefit and away |out-of-order, but in-order is |might come back if he does not find

from pitfall necessary. anything.” 21




“The message is not clear. The message
User blocked by having |Vague information, does not give Abi any indication of what
to deal with info unexplained terminology.  [to do next” 28

For example: While evaluating Use Case 3, one of the questions that Team M evaluated from Abi’s perspective
was “Will Abi click on ‘Download ID’ button and why?” Team M identified a gender inclusivity bug here as Abi
might not click on the Download ID button. Instead, they might click on the option “Don't have UIN/VID, Get it
now”. This option will lead them to the previous screen resulting in a deadlock kind of loop. Hence, we categorized
this conversational turn of the bug as the “This is a "dead end” category. We then continue to code the rest of the bug
per conversational turn into the 6 categories as summarized in Table 3

5. Concluding Remarks

The results of our case study on evaluating the Inji application, an application for a national ID system found a set of
60 bugs, a majority of which were gender-inclusive bugs. The gender-inclusivity bugs found in this case study
highlights the disparity in usage of digital identity software from the perspective of gender. Our results clearly showed
that the platform is disproportionately disadvantaged to Abi-like users. These inclusivity bugs might not prevent a
user from completing a use case in some cases but running into these bugs over again might be discouraging. For
example: For users having low technology self-efficacy, these kinds of bugs might affect them. If these bugs were left
in the system, it disproportionately impacts one segment of the population, causing them frustrations at best and at
worst, cause them to stop using the application. Team-M has recognized the importance of these bugs and are now
designing Ul fixes to overcome these bugs.
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