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Abstract
This research study focuses on how to implement agile delivery model of data-driven
user interface (UI) application within regulated industry. We explore the issues,
approaches, and effective practices to commit to agile methodologies and comply with
the regulatory requirements by performing mixed-methods research with a set of case
studies, questionnaires, and expert interviews. The evidence provided by our study
suggests that the introduction of regulatory checkpoints, systematic compliance check,
and improved documentation support in modified agile frameworks leading to their
substantial improvements cannot be harmful to performance at the regulatory level.
Regulated Agile Delivery (RAD) framework proposed showed a time-to-market of 27%
and a reduced rate of defects concerning compliance by 34 % in five case studies. The
study can be useful to research the possibilities of applying agile practices to exert
influence in regulated industries and meet multidimensional regulatory environments.
Keywords: agile methodology, regulated industries, data-driven applications,
compliance, Ul development, software delivery models
1. Introduction
The software development in regulated industries like health, finance, pharmaceutical,
and aviation presents specialized issues because of strict regulatory demands, validation
procedures, and compliance record requirements (Fitzgerald et al, 2013). Such
industries typically used plan-based development mechanisms such as the V-model or
the waterfall approaches so that compliance could be achieved by means of a heavy
documentation phase and a rigid process cycle (Haghighatkhah et al.,, 2018).
Nevertheless, the growing interest in the production of data-driven user interface in such
industries requires the directness to the changing needs, the speed of introduction into

the market, and constant innovativeness of the product, which are some of the features
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of agile approaches to software development (Beck et al., 2001). The major challenge of
this dichotomy is how to introduce the practice of agility that are flexible and fast but also
have the rigor needed to comply with the regulations (Hajou et al., 2015).
The issue of using agile techniques in a regulated context has become the focus of
discussion during the last few years, as organisations attempt to strike a balance between
meeting the compliance needs of a given system and realising the advantages of
incremental development (Fitzgerald et al., 2013). Although there are multiple studies
that have looked into this intersection, there still exist no cohesive perspectives on data-
driven Ul application in regulated settings.
The authors of this research attempt to fill the gap by exploring successful agile delivery
models that support the specific needs of regulated industries, providing increased use
of agile benefits and optimizing development results. Specifically, we seek to answer the
following research questions:
1. What are the primary challenges in implementing agile methodologies for data-
driven Ul applications in regulated industries?
2. Which modifications to standard agile frameworks are most effective in
addressing regulatory requirements?
3. How can organizations balance compliance documentation needs with agile
principles of minimizing unnecessary documentation?
4. What metrics effectively measure the success of agile implementations in
regulated environments?
Through a comprehensive analysis of case studies, expert interviews, and industry
surveys, this research provides practical insights and a novel framework for
organizations navigating the complex intersection of agile development and regulatory
compliance.
2. Literature Review
2.1 Agile Methodologies in Traditional Contexts
Since 2001 when the Agile Manifesto was published, the development of software
through the use of Agile methodologies has changed complete (Beck etal.,, 2001). All these
methods accrue on the focus of iterative development, customer, response to changing,
and developing working software on a regular basis. Research has always demonstrated
that better project results are possible through agile practice such as increased customer

satisfaction, reduction in time-to-market and quality software (Dingsyr et al., 2012). Agile
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has spread in many other frameworks, the most common being Scrum that is based
around brief development units known as sprints, Kanban that utilizes visualization of
work and limited work in progress and Extreme Programming (XP) that integrates
technical practices that involve test-driven development and pair programming
(Schwaber & Sutherland, 2020).

2.2 Regulatory Requirements in Software Development

Regulated industries work with systems that heavily regulate software development
procedure. Examples of these regulations are 21 CFR Part 11 in drug regulatory affairs,
[SO 13485 in medical devices, HIPAA in the healthcare sector and DO-178C in aviation
institutions (Kasauli et al., 2018). These rules generally require a long documentation
process, formal validation and verification, risk control, and traceability during the
development cycle (McHugh et al., 2014).

The conventional compliance method has been to follow plan-based practices that offer
the focus to upfront planning, documentation and stages of sequential development
(Haghighatkhah et al., 2018). Although quite successful in the field of compliance, these
methods are frequently associated with elongated cycles of development and decreased
flexibility as far as modifications in requirements are concerned.

2.3 Agile in Regulated Environments

The past researches investigated the adaptation of agile approaches in regulated
environments. Fitzgerald at al. (2013) has proposed the Regulated Scrum Model (R-
Scrum) that takes into account compliance requirements in the Scrum paradigm.
Likewise, Hajou et al. (2015), attempted to adapt XP practices to regulated settings by
suggesting Regulated Extreme Programming (R-XP) model.

McHugh et al. (2014) have analysed practices of agile in the context of the medical device
software development, discovering that some of the agile practices might be effective to
promote compliance through proper application. Kasauli et al. (2018) discussed the issue
of introducing agile into safety-critical systems and the necessity of the traceability
consideration on the agile levels.

Although these studies are informative, they do not specifically take into consideration
the peculiarities of the data-driven Ul applications, where multi-dimensional interactions
are common among front-end interfaces, data processing systems, and compliance issues
(Heeager & Nielsen, 2018).

2.4 Data-Driven Ul Applications
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Data-intensive Ul applications pose certain challenges in the controlled industries. Such
applications should not only be aligned with the requirements related to data privacy,
security, and integrity but also be convenient and easy to use and operate on complicated
datasets (Patton, 2014).
The study conducted by Vincent et al. (2018) and Kumar et al. (2021) took into
consideration some of the attributes of regulated Ul development approaches, such as
usability testing in the context of regulatory compliance and security patterns of
regulated web apps, respectively. Nonetheless, there is a lack of detailed theories to
provide regulated data-driven Ul applications through agile approaches in the literature.
This study attempts to resolve this gap by combining lessons of such agile adoption in
regulated as well as certain considerations given to a data-driven approach to Ul
application development.
3. Research Methodology
We employed a mixed-methods research approach to investigate agile delivery models
for data-driven Ul applications in regulated industries. This approach combined
qualitative and quantitative methods to gain comprehensive insights into current
practices, challenges, and success factors.
3.1 Research Design
The research was conducted in three phases:
1. Exploratory Phase: Literature review and preliminary expert interviews to
identify key themes and research gaps.
2. Data Collection Phase: Case studies, surveys, and in-depth interviews with
practitioners.
3. Analysis and Framework Development Phase: Data analysis, framework
development, and validation.
3.2 Data Collection Methods
3.2.1 Case Studies
We conducted five in-depth case studies of organizations implementing agile
methodologies for data-driven Ul applications in regulated industries. The case studies
spanned healthcare (2), finance (1), pharmaceuticals (1), and aviation (1). Selection
criteria included:
® Organizations with at least two years of experience implementing agile

methodologies
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@® Development of data-driven Ul applications subject to regulatory requirements

® Willingness to share detailed information about practices and outcomes
Each case study involved document analysis, observation of development practices, and
interviews with key stakeholders including developers, regulatory specialists, product
owners, and management.
3.2.2 Survey
We distributed an online survey to professionals working in regulated industries who
were involved in software development. The survey received 183 responses from
professionals across 12 countries, with respondents primarily from healthcare (31%),
finance (28%), pharmaceuticals (22%), aviation (12%), and other regulated industries
(7%).
The survey collected information on:

@® Current development methodologies

® Challenges in implementing agile practices

@® Modifications to standard agile frameworks

@® Metrics used to measure success

® Compliance strategies
3.2.3 Expert Interviews
We conducted 18 semi-structured interviews with experts in agile methodologies and
regulatory compliance. Interviewees included agile coaches, regulatory specialists,
quality assurance managers, and senior developers with experience in regulated
environments.
Interviews followed a semi-structured protocol exploring topics such as:

@ Effective strategies for balancing agility and compliance

® Common pitfalls in agile implementation in regulated contexts

® Documentation practices that support both agility and compliance

® Techniques for managing regulatory changes in an agile environment
3.3 Data Analysis
The thematic analysis methods were used to analyze qualitative data obtained by case
studies and interviews. We utilized, the iterative strategy of coding significant issues,
difficulties, themes, and policies. The answers that were related to the quantitative survey
data were analyzed with the help of descriptive statistics and correlation analysis

revealing the relations between the specified practices and the results reported.
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The analysis focused on identifying:

@® Common challenges across organizations

® Successful adaptation strategies

@® Measurable impacts on development outcomes

® Factors influencing successful implementation
3.4 Framework Development and Validation
Based on the findings from data analysis, we developed the Regulated Agile Delivery
(RAD) framework. The framework was validated through:

® Expert review by seven specialists in regulatory compliance and agile

development

@ Pilot implementation in two organizations over a six-month period

@® Comparative analysis of pre- and post-implementation metrics
4. Results
4.1 Key Challenges in Implementing Agile in Regulated Environments
Our research identified several key challenges faced by organizations implementing agile
methodologies for data-driven Ul applications in regulated industries. Table 1 presents
these challenges ranked by prevalence in our survey responses.

Table 1: Key Challenges in Implementing Agile in Regulated Environments

Challenge Percentage of | Impact

Respondents (%) Rating (1-5)

Reconciling documentation requirements with | 87 4.6

agile principles

Maintaining traceability throughout iterative | 82 4.4
development

Integrating compliance verification into sprint | 76 4.3
cycles

Managing  regulatory  changes  during | 72 4.1
development
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Balancing automated testing with manual | 71 3.9

validation requirements

Securing regulatory approval for incremental | 69 4.2
deliverables
Aligning  cross-functional teams around | 65 3.7

compliance needs

Ensuring data integrity across iterative | 61 4.5
releases
Adapting Ul validation processes to agile | 58 3.8
timelines
Managing compliance with multiple regulatory | 53 4.0

frameworks simultaneously

Interview data revealed that the tension between documentation requirements and agile
principles was particularly acute in data-driven Ul applications, where data flows and
user interactions required detailed documentation for regulatory purposes. As one
interviewee noted:
"The challenge isn't just documenting what we build, but maintaining living
documentation that evolves with the product while still meeting regulatory
standards. Traditional agile approaches often underestimate the complexity
of this in data-heavy applications." (Regulatory Affairs Manager, Healthcare)
4.2 Effective Modifications to Standard Agile Frameworks
Case studies and survey data highlighted several effective modifications to standard agile
frameworks. Figure 1 illustrates the adoption rates and perceived effectiveness of these

modifications.
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Adoption and Effectiveness of Agile Framework Modifications
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Figure 1: A dual-axis chart showing adoption rates (bars) and effectiveness ratings
(line) for various modifications to standard agile frameworks in regulated
environments.

The most widely adopted modification was "compliance-integrated sprint planning,"
implemented by 78% of surveyed organizations. However, "continuous compliance
validation" received the highest effectiveness rating (4.7/5), despite being implemented
by only 65% of organizations.

Case studies revealed that continuous compliance validation—where compliance
requirements are automatically checked throughout development—was particularly
effective for data-driven Ul applications, as it identified data handling and presentation
issues early in the development process.

4.3 Documentation Strategies

One of the most significant challenges identified was balancing agile principles with
documentation requirements. Our research identified several effective documentation
strategies, presented in Table 2.

Table 2: Effective Documentation Strategies for Agile in Regulated Environments

Documentation Key Benefits Implementation Adoption

Strategy Challenges Rate (%)
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Living documentation | Reduces manual effort, | Requires significant | 42

with automated | ensures currency tooling investment
updates

Documentation-as- Integrates with | Learning curve for |37
code approaches development workflow, | regulatory specialists

enables version control

Incremental Aligns  with sprint | Requires careful | 65
documentation  with | cadence, maintains | planning and
compliance mapping traceability coordination

Hybrid documentation | Balances agile flexibility | May create | 71
models with regulatory | with compliance | duplication,  needs
templates structure careful management

Regulatory user stories | Integrates compliance | May not cover all | 58

and acceptance criteria | into agile artifacts documentation
requirements

Risk-based Focuses effort on high- | Requires  thorough | 53

documentation risk areas risk assessment

prioritization

Cross-functional Ensures quality and | Time-consuming, 76

documentation compliance scheduling challenges

reviews simultaneously

Documentation "sprint | Creates foundation for [ Can delay initial | 44
zero" with ongoing | iterative enhancement development

updates

The case studies revealed that hybrid documentation models were particularly effective,
as they combined standardized templates for regulatory compliance with flexible

documentation for development purposes. As one interviewee explained:
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"We found success by creating a clear separation between what we call
'regulatory artifacts'—which follow strict templates and review processes—
and 'development artifacts' which can be more flexible and agile. The key was
creating clear mappings between them." (Quality Assurance Lead,
Pharmaceuticals)
4.4 Metrics for Measuring Success
Our research identified key metrics used by organizations to measure the success of agile
implementations in regulated environments. Figure 2 illustrates these metrics and their

perceived value.

Usage and Perceived Value of Success Metrics

Time to regulatory approval o Value: 4.6/5
Compliance defect rate - Value: 4.7/5
Regulatory change response time Value: 4.3/5
Documentation accuracy Value: 3.9/5
First-time approval rate | Value: 4.5/5
Compliance user story velocity - Value: 3.6/5
Time spent on compliance activities 4 Value: 3.8/5
Traceability coverage - Value: 4.2/5
Automated compliance test coverage Value: 4.4/5
Regulatory finding resolution time - Value: 4.0/5
T T T T
0 20 40 60 80 100

Percentage of Organizations Using Metric
Figure 2: A horizontal bar chart showing the usage percentage and perceived value
ratings of various metrics used to measure success of agile implementations in
regulated environments.
The most widely used metric was "time to regulatory approval” (87% of organizations),
while "compliance defect rate" received the highest perceived value rating (4.7/5).
Organizations that successfully implemented agile in regulated environments typically
used a balanced scorecard approach, combining compliance-focused metrics with
traditional agile metrics.
4.5 The Regulated Agile Delivery (RAD) Framework
Based on our findings, we developed the Regulated Agile Delivery (RAD) framework for

data-driven Ul applications in regulated industries. The framework integrates key
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elements identified in successful implementations while addressing the primary

challenges. Figure 3 illustrates the key components of the RAD framework.

Regulated Agile Delivery (RAD) Framework

Regulatory
Backlog

Sprint Development Compliance
Planning Sprint Checkpoint

2 |

Compliance requirements Regulatory considerations Herative development Formal compliance review

Review Compliance

Deployment ‘ Sprint Continuous

Verified deliverables Product increment review Automated compliance checks

Figure 3: A visual representation of the Regulated Agile Delivery (RAD) Framework
showing the interconnected components including Regulatory Backlog, Sprint Planning,
Development Sprint, Compliance Checkpoint, Sprint Review, Deployment, and
Continuous Compliance, with arrows indicating workflow and text boxes describing key
elements of each component.
The RAD framework incorporates several key innovations:
1. Regulatory Backlog: A dedicated backlog for compliance requirements that
integrates with the product backlog
2. Compliance-Integrated Sprint Planning: Explicitly incorporates regulatory
considerations into sprint planning
3. Continuous Compliance Validation: Automated checking of compliance
requirements throughout development
4. Compliance Checkpoints: Formal reviews at strategic points in the development
process
5. Living Documentation: Documentation that evolves with the product while
maintaining regulatory compliance
4.6 Framework Validation Results
The RAD framework was validated through implementation in two case study
organizations over a six-month period. Table 3 presents the pre- and post-

implementation metrics from these organizations.
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Table 3: Pre- and Post-Implementation Metrics for RAD Framework

response time (days)

Metric Organization A Organization B
(Healthcare) (Finance)
Pre-RAD Post- | Pre-RAD Post-
RAD RAD
Time to regulatory | 45 32 38 29
approval (days)
Compliance defect rate | 3.2 1.9 2.8 2.0
(per feature)
Time-to-market (weeks) 16 12 14 10
Documentation effort | 28 22 24 19
(hours per sprint)
First-time approval rate | 62 81 70 88
(%)
Team satisfaction (1-5|3.1 4.2 34 4.0
scale)
Automated compliance | 42 68 51 73
test coverage (%)
Regulatory change | 12 7 10 6

Both organizations demonstrated significant improvements across all metrics after

implementing the RAD framework. Organization A (healthcare) reduced time to

regulatory approval by 29%, while Organization B (finance) increased its first-time

approval rate by 18 percentage points.

5. Discussion

5.1 Balancing Agility and Compliance
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Our research confirms the inherent tension between agile principles and regulatory
requirements in data-driven Ul applications. However, the findings suggest that this
tension can be effectively managed through thoughtful adaptation of agile practices
rather than wholesale rejection of either agile or compliance principles.
The most successful organizations demonstrated what we term "compliance-aware
agility"—maintaining the core values of agile development while acknowledging the non-
negotiable nature of certain regulatory requirements. This approach aligns with previous
research by Fitzgerald et al. (2013) while extending it specifically for data-driven Ul
applications.
Key to this balance was the integration of compliance activities throughout the
development lifecycle rather than treating them as separate concerns. The continuous
compliance validation component of the RAD framework exemplifies this integration,
allowing teams to maintain agility while continuously ensuring regulatory alignment.
5.2 The Role of Automation in Regulated Agile Development
Automation emerged as a critical enabler of agile practices in regulated environments.
Organizations that successfully implemented agile for data-driven Ul applications
invested significantly in automation for:

1. Compliance testing and validation

2. Documentation generation and maintenance

3. Traceability between requirements, code, tests, and documentation

4. Regulatory change monitoring and impact analysis
This finding supports previous research by Hajou et al. (2015) on the importance of
automation in regulated environments but highlights the specific importance of
automation for data-driven Ul applications, where data flows and user interactions must
be thoroughly documented and validated.
5.3 Cross-Functional Team Composition
Our research identified that team composition significantly impacted successful agile
implementation in regulated environments. Teams that included dedicated compliance
specialists alongside developers, testers, and UX designers were more effective at
integrating regulatory requirements into the development process.
The most effective approach involved what one case study organization termed
"regulatory ambassadors"—team members with expertise in both development and

regulatory requirements who could translate between these domains. This finding
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extends previous research on cross-functional teams in agile development (Heeager &
Nielsen, 2018) by highlighting the specific importance of regulatory expertise.
5.4 Implications for Practice
The RAD framework provides a practical model for organizations seeking to implement
agile methodologies for data-driven Ul applications in regulated environments. Key
recommendations for practice include:

1. Integrate compliance requirements into agile artifacts (user stories, acceptance
criteria, definition of done)
Invest in automation for compliance validation and documentation
Implement continuous compliance monitoring throughout development
Include regulatory expertise within cross-functional teams

Develop a balanced metrics approach that considers both agility and compliance

o 1ok W N

Adopt hybrid documentation models that satisfy regulatory requirements while
minimizing unnecessary documentation

These recommendations provide a roadmap for organizations seeking to leverage agile
methodologies while maintaining regulatory compliance.

6. Conclusions and Future Research

This research contributes to the understanding of how organizations in regulated
industries can effectively implement agile methodologies for data-driven Ul applications.
The proposed Regulated Agile Delivery (RAD) framework provides a structured
approach that balances the flexibility of agile development with the rigor required for
regulatory compliance.

Our findings indicate that successful implementation of agile in regulated environments
requires thoughtful adaptation rather than strict adherence to standard agile
frameworks. The key elements of successful implementation include integrated
compliance activities, automation, cross-functional teams with regulatory expertise, and
balanced metrics that consider both agility and compliance.

The validation of the RAD framework in two case study organizations demonstrated
significant improvements in key metrics, including time to regulatory approval,
compliance defect rates, and time-to-market. These results suggest that the framework
can provide tangible benefits for organizations in regulated industries.

6.1 Limitations
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This research has several limitations. First, the case studies and survey respondents were
primarily from healthcare, finance, and pharmaceuticals, which may limit generalizability
to other regulated industries. Second, the framework validation was conducted over a
relatively short period (six months), and longer-term impacts remain to be evaluated.
Finally, the research focused primarily on data-driven UI applications, and the findings
may not apply equally to other types of software development in regulated environments.
6.2 Future Research Directions
Future research should address these limitations and explore several promising
directions:
1. Longitudinal studies of RAD framework implementation to assess long-term
impacts and sustainability
2. Application of the framework in additional regulated industries
3. Investigation of the specific challenges of implementing RAD for mobile and
emerging technologies
4. Development of more sophisticated automation tools specifically designed for
compliance in agile environments
5. Exploration of the role of artificial intelligence in supporting compliance activities
within agile teams
These directions would further enhance understanding of how organizations can
effectively balance agility and compliance in increasingly complex regulatory
environments.
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