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Abstract— This paper focuses on the value of documenting software the relationship between documentation and the 

efficiency of the development process and the usefulness of documentation in enhancing maintenance efforts. Research 

shows that effective documentation enhances administrative interpretable profile, shortens the time required in problem-

solving, and fosters constructive cooperation, thereby boosting shorter developmental lifecycles and increasing consumer 

contentedness. To support elaborate documentation procedures to help achieve sustainable efficiency during software 

projects. 

 

Index Terms— Software documentation, Code readability, Team collaboration, User-centered design, Documentation 

quality, Maintenance and troubleshooting 

 

I. INTRODUCTION 

Software documentation is the process of collecting information on software products and processes, crafted by users, 

developers, and maintenance teams through the complexities of management, software usage, and development. The main 

act of this software documentation is a roadmap that understands software functionality, operational procedures, and 

architecture (Ijiemr, 2024). This can be used for various purposes such as instructing end-users on navigating processes, 

developers use the software features by getting inside the codebase, development practices, and design decisions. 

Software documentation is important to act as a repository of collective knowledge and is vital for new team members in 

reducing their learning curve and understanding of software functionality (Ijirset, 2024). It further improves user 

experiences by providing necessary guidance in navigating the software. Moreover, it provides open-source projects 

across different locations that help to keep the work asynchronous. 

 

1.1 Aim and Objectives 

Aim 

The main aim of this research is to examine the importance of comprehensive software documentation in the maintenance 

and development phases of software considering Python projects and focus on the impact of team collaboration, code 

quality, and long-term maintainability. 

 

Objectives 

● To evaluate the role of software documentation in improving software projects and code credibility that helps in team 

collaboration of work 

● To analyze effective documentation practices that improve troubleshooting problems and maintain codebases 

● To investigate the effectiveness of specific Python documentation tools in creating effective maintenance and 

accessible documentation for both users and developers. 

 

II. LITERATURE REVIEW 

2.1 Effectiveness of software Documentation in enhancing collaboration and code readability 

Documentation can be used on software for several reasons, including increasing its readability and improving 

communication between the various stakeholders involved in the development process (Ijasem, 2024). It is an essential 

document that sets out the working and layout of the code to assist the developers in beginning implementation once they 

find out that the code is intended without having to analyze the code itself for this purpose. Observed code is particularly 

useful in environments where developers participate on a team basis and where there is usually a constant rotation of 

developers joining and leaving a team midway through the development of a particular project (Al-Saqqa et al., 2020). 

For both new and existing developers, documentation reduces time spent on learning by having the overall guideline to 

follow rather than clearly explaining what to do and where to find it in the codebase, decisions such as the use of some 

API, or execution of a complicated algorithm. 
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Figure 2.1: Importance of code documentation 

(Source: Qian et al., 2023) 

 

Previous studies have indicated that complete documentation is helpful because it relieves the working capacity of the 

developers’ brains helps them understand complex systems quicker, and reduces mistakes about changes (Hutchinson et 

al., 2021). It is the documentation that comprises commentaries within the code, descriptions of the functions, and the 

explanation of the overall system design presented in a project so that the developers spend much of their time and energy 

in an endeavor to understand how the whole program was developed rather than attempting to decipher the relative 

structures (Islam, and Ferworn, 2020). Furthermore, when documentation is maintained up-to-date it averts the problem 

of knowledge decay which is the loss of important information concerning the project. This can be especially difficult in 

projects that take a long time to complete because documentation may not be seen as important during some of the early 

phases only to become very important later on for such things as duplicating functionality, identifying problems, and so 

on (Akhtar et al., 2022). 

 

2.2 Impact of documentation on troubleshooting and maintenance 

Maintenance and fixing also require documentation since it creates an easy-to-understand source especially when a 

developer has to deal with a large code base for a long time (Carcary, 2020). Documentation is a knowledge base 

containing information about system architecture, and decisions taken in designing and defining the functions of the 

particular system, which may be extremely useful when troubles occur or when new teammates appear on the scene while 

the authors of the code are absent (Hou et al., 2023). It is discovered that quality documentation that may be poor or out-

of-date means more time spent in maintenance because the developers cannot make heads or tails of code behavior or its 

interdependences. 

 

 
Figure 2.2: Techniques for troubleshooting maintenance 

(Source: Li et al., 2024) 

http://www.veterinaria.org/
http://www.veterinaria.org/


REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504  

Vol 24, No. 3 (2023)  

http://www.veterinaria.org  

Article Received: 03/06/2023 Revised: 04/06/2023 Accepted: 04/07/2023 

 

611 

Code inspection could be the only other thing that is available to a developer – and, again, this is generally a slow and 

error-prone process that affects comprehension and even introduces new problems (Zhao, 2020). Reducing these issues 

is a matter of adequately documenting your work thus the purpose and rationale of segments of code can be quickly 

understood and fixed. Additionally, documentation is more important when transitioning from one system to another, or 

when there is a need to change the existing one because the documentation is helpful when guiding the implementation 

of change while seeking to have the least impact on the functionality of the system. 

Further, documentation is also beneficial for improving troubleshooting because it enhances a systematic approach that 

is followed when troubleshooting (Qian et al., 2024). In that way, for instance, by pointing to detailed records of preceding 

incidents and their resolutions, developers can prevent work redundancies, optimize the identification of underlying 

problems, and apply remedies in a more effective manner (Patacas et al., 2020). This leads, on the one hand, to creating 

more dependable software while, on the other hand, providing for more efficient and cost-effective maintenance over 

time, all of which contributes to a stable, high-quality product life cycle. 

 

2.3 Effectiveness of documentation in maintaining a gap between end-users and developers 

Documentation should therefore be seen as a means of allowing developers to engage directly with end users and make 

software more usable and comprehensible between the two categories of these users (Nahar et al., 2022). From the 

developers’ perspective, documentation is a guide that shows complex structures and work of the software, its functions, 

and principles of construction. For end-users, it is a resource that teaches them how to navigate the software, outlining 

how a specific tool works, how to fix problems that may happen, and how to complete activities on their own (Zhao et 

al., 2022). Current research shows that detailed and easy-to-follow documentation decreases end-user reliance on helpdesk 

service assistance since the users have enough information on the management of minor problems. 

 

 
Figure 2.3: Technical documentation process 

(Source: Thota et al., 2020) 

 

System documentation is well formatted and categorized to include tutorials, FAQs, and troubleshooting guides which 

enable the end-users to gain confidence using the software thus enhancing satisfaction (Serban et al., 2020). Moreover, 

content segregated by levels of experience like for novices, intermediate users, and advanced users also increases the 

usability of complex software by offering information for a variety of users (Xiang and Chin, 2021). Studies prove that a 

process of such documentation focused on inclusion can increase the total user experience and, therefore, the rating of the 

software. 

For the developers, the advantages of creating documents with end users in mind are secondary but quite profound 

(Barrane et al., 2021). Regular consumers can search out solid advice they need on their own they do not bother the 

developers by contacting them with common mistakes, and those developers can then spend their time fixing and 

upgrading their programs instead (Dewi et al., 2021). This balance helps to maintain a substantial working rate of 

developers while keeping the general user-to-developer relations in a positive aspect that would meet the requirements of 

both parties. 
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2.4 Literature Gap 

Although significant attention is paid to documentation as a tool to increase software readability, collaboration, and 

maintainability, the opportunities for improving documentation (Spring et al., 2022). It must have to more attention is 

needed with regard to techniques to document solutions that are appropriate for a given project based on the users’ 

experience level and the nature of the project. 

 

III. METHODOLOGY 

3.1 Research Approach 

The proposal for the study design of this study will draw on the mixed method research design as it offers both 

comprehensive and equally valid qualitative and quantitative research findings on the role of software documentation in 

the development and maintenance stages (Iwanaga et al., 2022). First, a bibliographic survey of the state of the art in 

theories will be carried out to assess the common tendencies and gaps found in the software documentation literature. 

This will help in putting down root understandings that will guide the collection of primary data in the study of the wider 

context (Marion and Fixson, 2021). After that, since participants from OSS projects would provide primary data, a 

quantitative analysis employing Python programming language shall be implemented. Using the Python packages like 

Pydoc, Sphinx, and text mining tools the information on the code documentation, code readability, and the frequency of 

maintenance updates will be gathered (Tan et al., 2021). The proposed choice of both quantitative and qualitative methods 

will further allow for the assessment of documentary practices and comparison with stakeholders’ expectations that will 

thus embed the proposed analysis of software documents into both technical and user-oriented perspectives. 

 

3.2 Data collection process 

In the data collection process, both external secondary data and primary data which will be collected using Python shall 

be used to gather detailed information regarding the role and efficiency of software documentation (Majumdar et al., 

2022). Secondary data will be collected through reviewing literature mainly from journals and technical publications to 

set the baseline of best practices, documentation, and current innovations. 

 

 
Figure 3.1: Process flow of ML algorithms 

(Source: Sharma et al., 2021) 

 

Some of the primary data will be gathered using Python to analyze docs and differences in usual documentation patterns 

in actual code bases. With the help of Python libraries like Pydoc and Sphinx, it became possible to assess the 

comprehensiveness, consistency, and compliance of various aspects of selected open-source projects’ documentation 

(García et al., 2020). Furthermore, it is possible to obtain results indicating the average of such characteristics as code 

readability, comment density, and the usage of docstrings. Additional analysis can be performed using a text analysis 

toolkit in Python to mine information that relates to the quality of the documentation from the developers’ forum or 

perhaps GitHub. 

 

http://www.veterinaria.org/
http://www.veterinaria.org/


REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504  

Vol 24, No. 3 (2023)  

http://www.veterinaria.org  

Article Received: 03/06/2023 Revised: 04/06/2023 Accepted: 04/07/2023 

 

613 

3.3 Data Analysis 

The ‘’Data Analysis Technique’ will use a statistical and machine learning approach to measure the effect of 

documentation on development and maintenance (Qian et al., 2023). First, the basic quantitative descriptive measures 

and graphical techniques like histograms and kernel density plots will be used to describe and analyze the quality and 

distribution of documentation for various projects (Chiozzi et al., 2024). To understand the existent links between the 

variables, correlation analysis is going to be used to analyze documentation quality against such factors as maintenance 

time, bug fix time, and development time (Abdulkareem and Abboud, 2021). Box plots, for example, will draw out and 

compare the maintenance time across levels of documentation quality. Furthermore, the feature correlation matrix 

presented as the heatmap will allow the determination of the dependencies between variables that help identify certain 

patterns and relationships that are important to documentation (Iwanaga et al., 2022). Regression kinds of options, for 

instance, might be used for predictiveness analysis, which will extend the understanding of how quality in the 

documentation might predict efficiency in development (Zhang et al., 2023). Collectively, these techniques offer an 

integrated perspective to the identified question regarding documentation about software results. 

 

3.4 Evaluation Metrics 

The consideration of evaluation metrics in this study has created an effective impact in improving the quality of 

documentation on the software development process and also increased maintenance efficiency (Liu et al., 2024). The 

evaluation metrics are also responsible for the performance of developed models in providing an appropriate assessment 

of this documentation process. 

Documentation quality score: It helps to measure the clarity and thoroughness of the documentation on a specific scale 

(1-5) to get access to overall effectiveness. 

Maintenance time: It can record the average time spent in maintaining the tasks and improve troubleshooting efficiency 

for documentation. 

Bug Fix time: It also helps to measure the required time to resolve issues and solve problems based on documentation 

clarity. 

Team collaboration index: It assesses the team cohesiveness by comparing the work of teams and their code integration 

analyzing how well the documentation contributed to the productivity of both (Bean et al., 2022). Combined, these 

measurements have been an effective scorecard for reviewing the part documentation plays when the goal has been to 

make productivity improvements, increase accuracy, promote development and maintenance, and decrease errors. 

 

IV. RESULT AND DISCUSSION 

4.1 Result 

 
Fig. 4.1: Load dataset 

 

This figure shows how to import the dataset into the analysis environment of jupyter notebook. The data was gathered 

with the help of background research largely based on the effects that software documentation can have on development 

and maintenance. These are the quality of documentation, the time taken in maintenance, time taken in development, time 

taken in bug fixing, the team collaboration index, the quality of codes, and frequencies of documentation updates (Tjanaka 

et al., 2023). The data was collected to assess the level of complementarities between these aspects of documentation and 
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the levels of efficiency and effectiveness in software development and maintenance. This is an important step in the data 

preparation process for machine learning, preprocessing, feature engineering, and model construction. A basic 

understanding of the structure of data is critical before decoding it and making means so that other critical analyses are 

relevant (Liu et al., 2020). The data is then prepared for preprocessing operations such as dealing with the missing values 

and the conversion of the categorical features which is so important in aspects of machine learning. 

 

 
Fig 4.2: Distribution of Documentation Quality 

 

The above image shows the actual distribution of the DocumentationQuality as one of the values indicating the perceived 

quality of documentation as found within the dataset. The data collected is secondary data, The documentation quality is 

scored out of 5 based on background research done. The distribution is shown in the form of the histogram that presents 

number of times a certain quality rating was given. It should also add a kernel density estimate overlay to help visualize 

the smoothness and pattern of the data representation (Dehaerne et al., 2022). This visualization is important as it will 

give an understanding of the approximate condition of the documentation within the dataset. It also emphasizes where 

possible weakness might be, for example, a dense area of lower ratings which may indicate poor documentation 

procedures that in turn affect software development and maintenance (Hou et al., 2023). This distribution is a critical 

knowledge area when performing analysis on various other variables related to documentation quality. 

 

 
Fig. 4.3: Maintenance Time by Documentation Quality 
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The effect of quality of documentation on software maintenance time is depicted in Figure 4.3 above. Having gathered 

background data from online research, this paper expounds on how the quality of documentation influences the 

performance of maintenance work. This relationship is best represented with the help of a box plot wherein the 

maintenance time is compared for the high-quality documentation, that is, if it was rated 4 or above, and low-quality 

documentation. It is however easy to deduce the differences in central tendencies (median values) and dispersion of the 

maintenance times of the two groups from the help of the box plot. It also gives an understanding of variation in 

maintenance time, and how the well-documented systems decrease the maintenance activities time and probable time 

delay (Golendukhina et al., 2022). This is exemplified in the figure where the relative time spent on maintenance is low 

for projects within the second category of documented projects The implication is that good documentation helps to fast-

track the troubleshooting processes and minimize or eliminate errors while handling updates or bug fixes (Golendukhina 

et al., 2022). This diagram also proves that massive documentation greatly minimizes the time one spends maintaining 

the software systems. 

 

 
Fig. 4.4: Feature Correlation Matrix 

 

Figure 4.4 shows the correlation matrix of different variables present in the dataset which has highlighted the association 

of documentation-related variables with other characteristics of the project. The matrix created takes the form of a heatmap 

where colored blocks represent the level of correlation between the given pair of features. It is very easy to detect strong 

positive or negative relationships when using CausalPie charts to understand how features like DocumentationQuality, 

DevelopmentTimeReduction, MaintenanceTime, and BugFixTime are related (Pavao et al., 2023). High covariance 

between Documentation quality and Development time reduction could be interpreted that a high level of documentation 
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implies shorter development cycles. The matrix also shows limited cohesiveness between specific variables and found 

that they are likely independent of each other in those fields. This visualization is useful for understanding which issues 

should be focused on in software documentation processes. From these relationships, the patterns obtained in the data 

analysis can inform better decisions concerning documentation to heighten the robustness of development and 

maintenance. 

 

4.2 Discussion 

The results of the collected data on software documentation reflect many aspects of the effect of the documentation on 

software development and maintenance. It becomes apparent that documenting work efforts is important feedback while 

working on a project to ensure that the time and effort to maintain a project are reduced as well as the time taken for 

software development (Mastropaolo et al., 2021). Maintenance costs of well-documented systems are usually low since 

good documentation enhances a great understanding of a system by the teams working on the system. This enables faster 

identifying the issues, less time being spent on fixage, and further quickens updates (Muñoz et al., 2024). Also, there is 

an association between the number of times a documentation is updated and improved teamwork. This means that having 

updated documentation always keeps all the team members including the new joiners aware of the system as it is, hence 

minimizing the confusion that is brought about by outdated information on the system. 

The results also show that where documentation quality is high, development time is normally brought down drastically. 

Documentation helps a lot because it gives the developer a clear look at what is already in the code and where to look as 

well as how to address known problems in a specific area (Lin et al., 2021). On the other hand, poor documentation results 

in a lengthened development and maintenance cycle, since the developers spend more time interpreting the system, and 

additional time is required in implementing or maintaining software (Wei et al., 2022). These observations suggest that 

comprehensive and contemporary software documentation contributes a critical mass to enhance efficiency and avoid 

higher operating costs in the long run. 

 

V. CONCLUSION 

Most development activities require software documentation that affects the improvement of development and 

maintenance. Documentation benefits project time reduces cost, writes well-structured and comprehensible code, and 

uses less time for bug fixing. Research indicates and evidence proves that well-commented code results in less 

development time, and fewer errors and most importantly, acknowledges the roles of multi-coding as a positive protocol. 

However, properly documented software ensures closer working proximity of the developers with the end-users, and that 

is a very important aspect of user-centricity. 
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