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Abstract 1

A comprehensive set of software documentation facilitates end users and customers understand a software solution
appropriately, ensuring the solution provider's market credibility. However, for the stakeholders like developers and
technical writers, delivering complete technical documentation presents a considerable challenge. Now, stakeholders'
responsibilities are not limited to planning and organizing content but also to aligning with emerging trends and
technologies. In addition to embracing the latest technology, stakeholders prioritize accuracy, ensure universal
accessibility of documents, refine their writing practices, and contemplate ethical considerations. This article
investigates technical documentation professionals' challenges when adapting new tools, technologies, and delivery
methods. It also examines how the technical writing space has changed with advancements in artificial intelligence
(AD) and natural language processing (NLP) and how these technologies may help with tasks like proofreading,
drafting content, personalizing information, and optimizing content in real-time. It emphasizes the need for
stakeholders to alter while preserving high standards and being thoughtful of the possible impact of their work on the

larger community.
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1. Introduction

Following the footprint of rapid technical evolution, the technical communication landscape is also evolving to meet
changing end user expectations and customers’ demand. Version control and documentation management now heavily
rely on collaboration tools like Git and automation tools such as Sphinx, MkDocs, and Jekyll. In addition, continuous
integration and continuous development (CI/CD), agile processes, and frequent small-scale updates to documentation
in line with software releases have become integral part of the development process (Figure 1). Agile development
has incorporated feedback loops, resulting in documentation that is more user centric [22]. The formation of cross-
functional teams has promoted collaboration and a culture of continuous learning, motivating technical writers to

remain abreast of evolving technologies, tools, and best practices [2,3].

In this manuscript, we explored the current trends in technical documentation and writing practices within the software
industry. Our primary focus is to understand the processes, challenges, and difficulties associated with technical
documentation. The overarching goal is to identify the significant challenges faced by stakeholders in delivering high-

quality documentation.
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Figure 1. The figure depicts the significance of the technical documentation sectors’ current practices.

The study addresses the following research questions:

e  What challenges do software documentation stakeholders of providers encounter when creating and managing
technical documentation that aligns with the SaaSification of software solutions?

¢ How does the study assess the integration of Doc-as-a-Code principle into technical writing and documentation
as part of the software release management process?

e  What challenges do stakeholders face when understanding and adapting to new technology through technical

documentation practices?

The following sections of the paper are structured as follows: Section 2 provides details from the research methodology
on the effects of industry revolution technology on the release management of the software industry, Section 3 outlines
the findings from the questionnaire-based survey among technical documentation stakeholders and the associated gaps
during the transition phase aligning with technological advancements. Thes section 4 and 5 summarizes the research

observations and concludes the paper.
2. Research Materials and Methodology
2.1 Systematic Literature Review

A systematic literature review is an effective method for delving into new research areas and is essential for developing
the fundamental concepts that form the basis of empirical studies. It consists of three key stages: planning, conducting,
and reporting. During the planning phase, the groundwork is laid by identifying search terms, selecting databases, and
defining timeframes. The next step involves searching, screening initial papers, and applying inclusion and exclusion
criteria. Finally, the data is analyzed and synthesized, leading to the reporting stage, where the findings are presented

based on the analysis of the selected papers.
2.1.1 Explore the keywords on industry revolutions and software release management

Considering keywords used, we have systematically reviewed available research literature to explore unfamiliar

research issues competently. We aimed to gain insight into the latest technology adoption trends in the technical
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writing industry, focusing on software solution organization. This article explores the current trends that affect

technical writing. It addresses the typical challenges faced by professionals in this field and looks ahead to the future.
2.1.2 Inclusion Criteria

We have selected papers from peer-reviewed journals and international conference proceedings to ensure the
reliability of the findings. These papers have been sourced from reputable libraries to prevent any bias in the sample
collection. They specifically discuss the impact of recent Al technology on decision-making in release management
workflow. Our focus was on studies that offered new data through experiments or observations, as well as a qualitative
study examining the technical documentation process and recent technologies. To ensure that our review remains

relevant, we only considered papers published within the last two decades, from 2010 to 2024.

2.1.3 Exclusion Criteria

We excluded papers not having full-text and non-peer-reviewed papers to maintain standard. We also excluded papers
not relevant to the software industry. For instance, papers that discussed Al in healthcare contexts were excluded. As
our focus was on primary research papers, secondary literature reviews, tutorials were excluded to avoid redundancy.

We excluded papers published in other than English languages.

We conducted a keyword assessment of available research articles, a significant step in our research process, to analyze
the scope of issues addressed in research papers on software release and research article metadata, including titles,
abstracts, and author keywords. We utilized relevant keywords on software documentation; Doc-as-a-Code; artificial
intelligence technology; NLP; Software-as-a-Service and search for articles published since 2010, as this period
marked the maturation of Industry 4.0 and the conception of the Industry Revolution [1], [25]. After screening 6059
downloaded articles based on inclusion and exclusion criteria, we identified 5048 unique articles (Supplementary
Table 1) for frequency analysis of key terms using text mining techniques. Our study focused on keywords related to

technical documentation in software development practices, and the frequency distribution is presented in Table 1.

Table 1: Software Documentation and related keywords aligning with the technological transformations

Software doc Doc as a code NLP AI Open-source Tools

User Manual

API Documentation
Technical Documentation
Release Notes

Installation Guide
Configuration Guide
Troubleshooting Guide
Best Practices

Glossary

Example Code

Use Case Examples

FAQs

Known Issues

Change Log

Compliance Documentation
Data Dictionary

User Feedback

Security Documentation
Backup and Recovery Guide
License Information

DocOps

Documentation Automation
Markdown Documentation
Versioned Documentation
Continuous Documentation
Collaborative Documentation
Documentation as Code
DevOps Documentation
Automated Documentation
Git-based Documentation
Document Automation

Natural Language Processing
Text Analysis

Machine Learning

Language Understanding
Sentiment Analysis

Named Entity Recognition
Text Classification

Text Generation

Language Modeling
Information Retrieval

Conversational Al
Language Model

OpenAl

Text Generation

Dialogue System

Natural Language
Understanding
Human-Machine Interaction
Al Chatbot
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2.2 Questionnaires based survey among the stakeholders

In technical communication, organizations grapple with integrating innovative technologies into their systems. To
explore this dynamic, we designed a comprehensive survey using Google Forms. Our target audience consisted of
stakeholders from reputable product-based companies who play pivotal roles in strategic decision-making regarding
technological adoption. By analyzing their responses, we aimed to uncover insights into effective technical writing

strategies that align with the ever-evolving landscape of software products.

Throughout the planning phase, we meticulously curated our research sources. While Google Scholar remained a
valuable repository, we broadened our scope to encompass other authoritative research libraries. Science Direct, Web
of Science, and Scopus emerged as crucial platforms for accessing mainstream scientific journals. Our search focused
on topics such as "Doc as Code", "Software Documentation”, "Al Technology", "NLP" and "Software as a Service".
By concentrating on reputable sites like Gartner and conference papers, we ensured the relevance and reliability of
our findings. We also acknowledged the rapid shifts in technical documentation practices by extending our temporal

lens to 2005 and beyond.
3. Results

3.1 Literature survey on documentation-as-a-code (DocOps) and automation

The importance of research in the software industry related to technical documentation can be observed from the result
(Figure 2) as the key terms such as Al, & NLP related key words were seen with higher frequencies. The data analysis
reveals that Al technology has the highest relevance across all sections (abstract, key word, and title), with 26.40%,
20.50%, and 9.40%, respectively. This indicates a significant focus on AI Technology in current discussions and
research. NLP follows with scores of 12.00% in the Abstract, 9.10% in key word, and 4.40% in the title, highlighting
its importance as well. In contrast, Software Documentation and Documentation as Code have much lower relevance

scores, suggesting they are less emphasized in the current context.

Software Documentation vs New Technology

Al Technology

NLP

Documentation as Code

I 'l

Software documentation

0.000 0.050 0.100 0.150 0.200 0.250 0.300

N Title ®Key Word m Abstract

Figure 2. Figure depicts the frequency of the keywords in the research articles analysed in this study. The X axis represents in the
figure stands for frequencies of keywords of various categories in the title, author's keywords, and abstract of the research
articles published in different journals.
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This analysis underscores the prioritization of Al Technology and NLP in technical documentation and research. The
formula used to determine relevance involved extracting values from the provided data for each category (Abstract,
Key Word, and Title) and converting them to percentages. This approach helps identify the most prominent topics,
guiding future research and development efforts in these areas. Frequencies of the terms such as documentation as a
code and software documentation were found to be among the lowest values. Observations from this study suggest
that although research manuscripts related to the emerging trend of modern technologies aligning with Industry
Revolution principles are available, however, on the other hand, the manuscript number about the technical

documentation and related delivery strategy volume are on the lower side.

Researchers are also talking about using robots and computers to help write documents. It includes things like chatbots,
understanding human language, and programs that learn. Another idea is to treat documents like they are part of the
software they are about. It means they can be tracked, checked, and updated like software. In the future, experts think
that AT and chatbots programs will be able to create documents that are just right for each end user [23]. Stakeholders
also think that leveraging on the new technologies will make it easy to measure how good the software product

documents are and use the inputs to improve them.
3.2 Empirical challenges in the field of technical documentation
3.2.1 Continuous Integration and Continuous Deployment (CI/CD)

The rise of continuous integration/continuous deployment (CI/CD) pipelines in software development has drastically
shortened the development lifecycle [6]. As software products evolve almost in real-time, technical documentation
teams face immense pressure to keep pace with these rapid changes. Updating the software documentation during
every release is a tedious task, especially when releases happen multiple times a month. Also, more appropriate

documents are needed to support end user satisfaction and reduce support costs.
3.2.2 Increasing complexity of software architectures

In recent times, software solutions are built using complex cloud architecture such as microservices, cross-platform
functionality and hybrid cloud deployments. To support technical documentation for such architectures requires
inherent technical understanding and often involves collaborating with teams spread across different geographic

locations and time zones [20, 21].
3.2.3 Al-powered software and black-box systems

As Al-powered applications and machine learning models become more established, documenting systems with
opaque decision-making processes mounts new challenges as explaining how Al models reach decisions, especially
in high-stakes environments is very critical. Many technical writers need help to describe Al models' functionality

without overwhelming end users with too much technical jargon.
3.2.4 Customers expectations for interactive documentation

The customers/end users are now looking for interactive, dynamic, and personalized content that adapts to their needs
and roles instead of static text form of technical documentation [4]. This includes contextual help, video tutorials,

embedded troubleshooting flows, and chatbots capable of answering specific queries in no time [7]. Matching these
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high expectations from customers often requires integrating multiple media types and creating complex decision trees

to personalize content.
3.2.5 Security and compliance documentation

The rise of stringent global data privacy regulations (such as GDPR, CCPA, and other emerging policies) forced the
technical documents to be accurate and up-to-date security and compliance [15]. Information on data handling
procedures, encryption standards, and privacy policies must go through the legal validation apart from the functional
validation by the engineering teams, which further complicates the process. Software solution providers may face

severe legal and financial implications if there are any errors in the provided information [16].
3.2.6 The role of Al in transforming technical documentation

Al is emerging as a pivotal force in addressing these challenges, providing tools to help automate, streamline, and
enhance the process of creating and maintaining technical documentation. Writing tools leveraged on Al technology,
like natural language generation (NLG) systems [1], can create initial draft automatically using structured data [10],
API details, or codebases [5], [9]. This helps technical writers save time by handling routine or template-based content,
allowing them to focus on more detailed and complex parts of the documentation. Further integration of CI/CD
pipelines can detect software changes automatically and update the relevant information in the software documentation
in real time [17]. This keeps the documentation in sync with the latest software releases, ensuring its accuracy.
Leveraging on the advanced Al search algorithms, the knowledge bases can also organize, and present content based

on user activities, ensuring user see the most relevant information when they need it [8] [18, 19].

The chatbots and virtual assistants can now be embedded into software documentation sites, offering users interactive,
conversational access to documentation. This means users can ask specific questions and get tailored answers,
engaging with the content more effectively and avoiding unnecessary information overload. Al-driven translation
tools are improving the accessibility of technical documentation across languages. Machine translation powered by
Al can now accurately translate documentation into multiple languages and adjust for regional preferences, technical

standards, and idiomatic expressions, creating a better experience for users in different markets [11, 12].
3 2.7 Future of Technical Documentation with AI

In future, leveraging on Al, both text and multimedia documentation can be created automatically which will include
video tutorials, interactive diagrams, and voice-guided walkthroughs. This approach could make technical content
more engaging and meet the demand for interactive learning resources without requiring manual updates. Al will
allow for personalized documentation based on user profiles, roles, or past interactions. By 2030, Al could be involved
throughout the entire documentation process, from initial content creation to updates. This would automate much of
the repetitive, error-prone work, allowing writers to focus on reviewing Al-generated content for accuracy and

addressing complex topics that require human expertise.
3.2 Questionnaires based survey among the stakeholders

To understand the current trend and challenges in the software documentation industry and the real-world challenges
faced by stakeholders due to rapid technological advancements, we conducted survey considering stakeholders

involved in various phases of the software documentation life cycle. The survey was conducted over five months,
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from January 2024 to May 2024. Skilled software documentation stakeholders from various organization were
interviewed for this study, gathering pertinent information covering simple to complex multi-modal solutions. The
project type includes traditional documentation delivery model, also the organization who follows automation and
latest AI technologies for software documentation delivery, support, and maintenance. In addition, we have gathered
data points on the challenges the organization faces. Keeping the confidentiality of the individuals and organizations
in view, we present a summary of the answers received in the later sections focusing on the software industry's process
in the direction of SaaSification.

The survey results underscore a significant shift in the industry, with traditional delivery methods, while still prevalent
and highly effective, gradually making way for next-gen approaches. This transition is particularly evident in the
software solution providers related to the organization adopting more modern methods. The structured authoring
process stand out with the highest delivery approach score and a strong focus on future improvements, demonstrating

a clear commitment to modernization despite the uncertainty in their roadmap.

Doc Delivery Strategy

u Current Delivery Approach m Next gen approach in pipeline m Next Gen Approach implemented m No Road map for Next Gen Approach implementation

Auto Review Process

Saa$

Doc Pipeline

Doc Automation

Alin Documentation

Content Management System
Unstructured Authoring Tool
Structured Authoring Tool

Traditional Delivery

o

50 100 150 200

Figure 3: Technical Documentation Stakeholder's Key Concern on Doc Delivery Strategy. The length of the horizontal bars
represents the proportion of responses aligning with the legends specified in the chart with respect to the survey questionnaire.

Analysing various documentation and content management delivery approaches reveals distinct trends and future
potentials (Figure 3). Traditional delivery methods remain prevalent, accounting for approximately 17.21% of the
delivery approach. Despite their high usage, the next-gen approach in the pipeline is moderate at 14.20%, indicating
some movement towards modernization. The average team size is large at 20.00%, with a balanced mix of defined
(13.89%) and uncertain (30.30%) roadmaps.

Structured authoring tools, with their high effectiveness and significant focus on future improvements, are a clear
indicator of the industry's commitment to modernization. Their delivery approach score of 19.23% and 20.50% in the
next-gen approach pipeline, despite an average team size of 17.50% and a higher uncertainty in the roadmap, show a

strong dedication to staying at the forefront of the field.
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Emerging technologies such as Al in documentation and auto-review processes have lower delivery approach scores
of 4.45% and 5.06%, respectively. These technologies are still nascent, reflected by their smaller team sizes (5.00%
and 7.50%) and minimal uncertainty in their roadmaps (0.00% and 1.52%). Document automation, with a delivery
approach score of 11.74%, shows a balanced approach with a strongly defined roadmap (30.56%) and no uncertainty,
indicating a clear path forward.

Overall, each approach has its strengths and areas for improvement, with varying levels of team size, defined
roadmaps, and uncertainties. This comprehensive view provides valuable insights into the current state and future

potential of different delivery approaches in the field of documentation and content management.

Analyzing various documentation and content management delivery approaches reveals distinct trends and future
potentials (Figure 4). Traditional delivery methods remain prevalent, accounting for approximately 30.30% of the

uncertain road map category. Despite their high usage, the development task is a priority for 28.57% of the cases, with

budget constraints affecting 20.00% and unknown reasons accounting for 19.05%.

Structured authoring tools, despite exhibiting the highest uncertainty in their road map at 42.42%, show a significant
commitment to development tasks, with 45.24% prioritizing these tasks. Budget constraints concern 30.00%, while
unknown reasons account for 9.52%. This high level of focus on development tasks and the relatively low percentage
of unknown reasons suggests a strong commitment to modernization, instilling optimism about their potential despite

the uncertainty.

Reason For Not Shifting Towards Al Driven Doc Delivery

Traditional Structured Unstructured Content Alin Doc Automation Doc Pipeline SaaS Auto Review
Delivery Authoring Tool Authoring Tool Doc d Process
System

® Uncertain Road Map = Development task is priority Budget Constraint = Unknown Reason

Figure 4: Depicts the Technical Documentation distinct trends and future potentials. The height of the vertical bars represents
the proportion of responses aligning with the legends specified in the chart with respect to the survey questionnaire.

The use of Al in documentation and auto-review processes, with road maps showing uncertainty, indicates a possible
path of vast improvement. As it’s still in their early stages, these technologies are reflected by their minimal impact
on development tasks, budget constraints, and unknown reasons. Overall, each approach has its strengths and areas

for improvement, with varying team sizes, defined roadmaps, and uncertainties.
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4. Discussion

The "Docs-as-code" approach offers a promising method to standardize the software documentation delivery and
encourages the stakeholders for collaborative authoring. It holds the potential to revolutionize workflows, making
documentation generation, publication, and maintenance more straightforward and efficient. The documentation
CI/CD pipeline improves doc deliverables integration with code and application deployment by streamlining software
development processes and reducing repetitive doc publication tasks [24]. Open-source tools such as Confluence,
MediaWiki, and GitHub/docs facilitate collaborative authoring. Integrating CI/CD with documentation can be
challenging for the stakeholders due to the widespread use of desktop-based tools. Often, it's managed by technical
writers with limited exposure to the solution coating aspects. Integrating documentation with the CI/CD pipeline can
drive innovation in software development.

Collaboration between technical and UX writers is crucial for creating high-quality product documentation. Your
expertise and input are not just important, they are integral as you work closely with subject matter experts to meet
industry standards. However, the shift from traditional on-premises distribution to a SaaS model has led to gaps in
documentation delivery. The rapid pace of development often places more emphasis on coding than documentation,

resulting in incomplete product documentation that may be insufficient in critical scenarios.
4.1 Key takeaways for practitioners (developers, technical writers, product teams)

Treating documentation as an integral part of the development process (e.g., via DocOps) ensures it stays up to date
with rapid software changes. By integrating documentation into CI/CD pipelines, teams can reduce the risk of
documentation drift. Documentation should not be viewed as a secondary task or solely the responsibility of technical
writers. Encourage cross-team collaboration, where developers, testers, and writers collectively own and contribute to
the documentation [13]. Collaborative platforms and tools can streamline this process. Explore Al-driven
documentation tools that can auto-generate content from code or track user behavior to make updating documentation
easier. Practitioners should explore the potential of Al-driven documentation tools and conduct experimental research
on their effectiveness in maintaining accuracy, reducing manual effort, and improving the user experience. Insights
from this research could drive broader adoption of such tools. To develop a clear structure that addresses the needs of
both novice and expert users, interactive tutorials, videos, and contextual help can be planned by developers and

administrators.
4.2 Key takeaways for researchers

The researchers should focus on the empirical analysis on documentation practices. Conduct studies that provide
quantitative data on how different industries and software development practices impact content quality. Researchers
need to focus on how teams manage documentation under Agile, DevOps, or hybrid models would offer valuable
insights [14]. In addition, there is a need for researchers to investigate the impact of user behavior, preferences, and
engagement with documentation on their learning and adoption processes. Researching different types of
documentation (static vs. interactive) to understand the influence on user satisfaction and efficiency would help refine
best practices. Investigate how documentation needs and practices evolve in emerging fields such as Al, blockchain,
and quantum computing. As these technologies grow in complexity, understanding the unique documentation

challenges they present could yield new methods and tools for practitioners. The practitioners focus should be on
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improving documentation workflows through collaboration, automation, and user-centric design. For researchers,
there are numerous opportunities to deepen the understanding of documentation practices, with empirical research

needed to address gaps in knowledge around user behavior, Al applications, and organizational influences.
4.3 Limitations of the Study

This article highlights several challenges and prospects in software product documentation, but it is important to
acknowledge certain limitations. This article is largely conceptual and does not incorporate empirical studies or
quantitative data on how prevalent these challenges are across different industries or software types. A more thorough
investigation based on real-world case studies would provide a stronger foundation for the observations presented.
The study believes broad applicability across software development environments, but different industries (e.g.,
healthcare vs. finance vs. open source) may experience varying degrees of difficulty with documentation. Further
industry-specific insights could enrich the analysis. While emerging trends like Al-driven documentation are
mentioned, the study does not delve into experimental or cutting-edge practices that may soon reshape the landscape.
The field of software documentation is rapidly evolving, and new methodologies could emerge that are not covered

here.

The Article touches on personalization of documentation but lacks a detailed analysis of how varying user behavior
or experience levels affect the effectiveness of documentation. More research on user feedback and interaction with
documentation could provide deeper insights into user-centric designs. While the challenges are discussed from a
documentation standpoint, the study does not consider how organizational culture, budget constraints, or team
structure influence documentation quality. These internal factors play a crucial role in the success of documentation

efforts and should be explored further.

These limitations suggest the need for future research that includes empirical data, industry-specific case studies, and
a more thorough exploration of user behavior and organizational influences. Further analysis can provide a more

comprehensive view of the challenges and opportunities in software product documentation.
5. Conclusions

The field of technical documentation is constantly progressing aligning with new approach emerging in the landscape.
The rapidly evolving landscape of software development, sophisticated architectures, and increasing user expectations
pose significant pressure on the software product documentation delivery practices. Space is evolving more with more
niche AI based fascinating solutions, such as automating content creation, enhancing search capabilities, and
transforming documentation creation, maintenance, and consumption. Despite persistent challenges, embracing
automation, encouraging collaboration, and evolving documentation processes can help surmount these obstacles. Al
and NLP have revolutionized technical writing, with Al-powered chatbots and NLP algorithms elevating content
creation and user support. It's worth emphasizing that technical writers play a vital role in elucidating complex
concepts, and their significance will endure in the future of human-AlI collaboration. Future research scope in this field

of research can be summarized as follows:
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e Enhanced AI Algorithms: Developing Al that better understands context and nuance to reduce inaccuracies in
documentation.

e Privacy and Security: Ensuring Al tools comply with data privacy regulations and secure user data.

e Human-AI Collaboration Models: Exploring optimal ways for humans and Al to work together in technical
writing.

e  User-Centric Documentation: Creating more personalized and interactive documentation experiences.

e Integration Strategies: Developing seamless methods to integrate Al tools into documentation workflows
without disruption.

Combining these technologies can accelerate content development, enhance translation accuracy, and improve user

experience. It is crucial to seamlessly integrate Al into workflows and tackle these concerns, highlighting the

significance of understanding and valuing the audience.
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