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Abstract. Technical debt is a metaphor for the gap between the current state of 
a software system and its hypothesized ‘ideal’ state. One of the significant and 
under-investigated elements of technical debt is documentation debt, which 
may occur when code is created without supporting internal documentation, 
such as code comments. Studies have shown that outdated or lacking 
documentation is a considerable contributor to increased costs of software 
systems maintenance. The importance of comments is often overlooked by 
software developers, resulting in a notably slower growth rate of comments 
compared to the growth rate of code in software projects. This research aims to 
explore and better understand developers’ reluctance to document code, and 
accordingly to propose efficient ways of using persuasive technology to 
encourage programmers to document their code. The results may assist software 
practitioners and project managers to control and reduce documentation debt. 
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1 Introduction 

Traditionally, the evolution of software development methods and tools has focused 
on improving the quality of software systems. The most obvious quality attribute is 
correctness: the ability of a software system to satisfy its requirements. Correctness is 
a functional quality attribute, since it relates to the functions performed by the system.  

However, software systems should also have several desirable non-functional 
quality attributes, such as maintainability, extensibility and reusability [3]. These 
attributes relate to the way a system has been implemented, i.e., to the complexity of 
the relationships among the modules that compose the system, independently of its 
correctness. Hence a system is maintainable if it may be easily changed, extensible if 
it is easy to add new features and reusable if its modules may be easily adopted in 
new applications. 
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Recently, the metaphor of technical debt has been widely used to describe the gap, 
both in functionality and quality, between “the current state of a software system and 
a hypothesized ‘ideal’ state, in which the system is optimally successful in a particular 
environment” [4]. One form of technical debt is internal documentation debt  [20], i.e., 
inappropriate, insufficient or non-existing internal documentation. Low-quality 
documentation is known to affect negatively quality attributes such as maintainability 
 [18] [16]. 

Previous works have identified some of the reasons for poor documentation in 
software systems. For example, many developers are under-motivated to document, 
since they perceive writing internal documentation as a secondary task, as opposed to 
writing the code itself  [4]. Moreover, some software development approaches 
promote the idea that good code should be self-explanatory  [17], and therefore 
comments are not always necessary. 

Our goal is to address these and other causes for low-quality documentation, and 
propose practical solutions that may be adopted to improve this situation. In particular, 
we believe that a combination of a persuasive technology approach with advanced tool 
support may transform the nature of internal documentation tasks, in such ways that 
software developers will choose to adopt them. This paper describes practical 
experiments that we plan to conduct in order to examine if and how developers can be 
encouraged to improve documentation and thus reduce documentation debt. 

2 Problem Background and Description 

Technical debt can be seen as a compromise between a project’s different dimensions, 
for example, a strict deadline and the number of bugs in the released software product. 
“Shipping first time code is like going into debt. A little debt speeds development so 
long as it is paid back promptly with a rewrite”  [5]. Technical debt is defined as the 
gap between the current and the ideal states of a software system  [1]. This suggests that 
known defects, unimplemented features and outdated documentation are all considered 
aspects of debt. Despite the increasing interest in technical debt among both academics 
and practitioners, this metaphor still lacks a more rigorous and specific definition. Tom 
et al.  [20] identified different elements of technical debt, such as code debt, 
architecture debt, infrastructure debt, and documentation debt. Devising ways to reduce 
the latter is the focus of the current study. 

Documentation quality has a direct effect on software maintenance. Software 
maintenance usually refers to the activities carried out after the development 
completion, and is the most expensive part in the lifecycle of modern software systems 
 [1]. Maintenance includes a broad spectrum of activities, such as error correction, 
enhancements of capabilities, deletion of obsolete capabilities and optimization. In 
order to perform these activities effectively, correct and up-to-date technical 
documentation is required. Outdated or lacking documentation increases the 
maintenance costs  [18]. 

Yet, currently, lack of proper documentation during development and release of 
software systems is prevalent  [6]. According to Pfleeger  [16] 40%- 60% of the 
maintenance time is spent on studying the software prior to modification because of 
the lack of appropriate documentation. Additional studies have shown that source 
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code comments are the most important artifact to understand a system to be 
maintained  [7] and that inline comments can greatly assist in the maintenance work of 
software engineers  [14]. Programs with appropriate documentation were found to be 
considerably more understandable than those without documentation comments  [21]. 

Despite the importance of documentation, there is evidence in the literature that 
source code and comments do not evolve in the same rate. Fluri et al.  [9] found that 
newly added code is rarely commented; not all code is commented equally (e.g., the 
frequency of comments for method calls is much lower than for method declarations); 
and 97% of comment changes are done in the same revision as the associated source 
code change. The code evolves in a significantly higher rate than its comments and,  
as software evolves, it is common for comments and source code to be out-of-sync 
 [13]. In summary, while software engineers may understand the importance of 
documentation  [7], the code is not documented enough in practice  [9],  [13].  

There may be several explanations for this phenomenon. One of the reasons is that 
documenting is not considered a creative activity, and many engineers prefer solving 
algorithmic problems instead of writing documentation  [4]. Another reason is that 
many programmers assume that good code is self-explanatory, justifying the lack of 
documentation  [17]. Additionally, since practitioners often work under very strict 
deadlines, it is easy to leave the documentation behind. Besides, sometimes not 
documenting can increase job security [8], because it helps programmers to keep an 
advantage over others and, thus, ensures demand for their services .Finally, the reason 
may lay in human perception, since software students do not fully understand the 
need for proper documentation  [2].  

Recently, several works investigated the investment of companies using agile 
methods in documentation. The agile manifesto states that direct communication is 
more valuable than internal documentation  [12]. A study of the role of documentation 
in agile development teams showed that while over 50% of developers find 
documentation important, or even very important, too little documentation is available 
in their projects  [19].  

In conclusion, regardless of the development method used, documentation plays an 
important role in software products development. Proper documentation drives a more 
efficient and effective software maintenance and evolution, requiring lower cost and 
effort. Therefore, it is important to find ways to improve the quantity and quality of 
comments. To this end, we must find efficient techniques to encourage developers to 
document their code, thus improving the readability and reducing maintenance time 
and cost. The objective of this study is to investigate the current state of 
documentation, and specifically the reasons for developers’ reluctance to comment 
code, and propose a technique to encourage them to document their code, thus 
decreasing the costs induced by technical debt.  

3 Solution Approach 

In order to overcome developers’ reluctance to document code, we plan to apply the 
persuasive technology approach. Persuasive technology is an interactive computer 
technology, which is designed with the goal of reinforcing, changing or shaping 
people’s attitudes or behavior  [10]. When a persuasive system is used for 
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reinforcement purpose, the desired outcome of its use would be to make the users' 
current behavior more resistant to change. When using the system for changing 
purposes, the expectation is that the users will alter their attitude or behavior due to 
the interaction with the system. Finally, when using the system for shaping purposes, 
successful outcome would be creating a behavior pattern for a specific situation, 
which did not exist prior to using the system  [15]. 

When designing a persuasive system, it is important to take into consideration the 
desired influence of the system on its users, since different techniques should be used 
depending on the desired outcome  [15]. In our context, as discussed in the previous 
section, while programmers are often aware of the importance of documentation, this 
is not reflected in their behavior.  

In order to produce a successful persuasive design, it is important to understand 
which factors influence behavior. Fogg  [10] introduced the Fogg Behavior Model 
(FBM) for analysis and design of persuasive technologies, which provides a systematic 
way of studying the factors behind behavior changes. The model implies that behavior 
depends on the following three factors: motivation, ability, and triggers, each of which 
has several subcomponents. The motivation factor consists of three core motivators, 
each of which having two sides: pleasure vs. pain, hope vs. fear and social acceptance 
vs. rejection. The ability factor represents the simplicity of performing the targeted 
behavior, and its six subcomponents are time, money, physical effort, brain cycles, 
social deviance, and non-routine. Finally, the triggers refer to prompts, cues, calls to 
action, etc. The purpose of a trigger is to signal to the user that the moment for 
performing the behavior has come. An additional concept of the FBM model is the 
behavior activation threshold. For a trigger to evoke the desired behavior, a person has 
to be above that threshold, in a high enough level of motivation and ability.  

It should be noted that most of the people are in moderate levels of ability and 
motivation and effective persuasive system should raise motivation, ability, or both, 
as well as provide a trigger for the desired behavior. An additional implication of the 
FBM model is that there exists a trade-off between motivation and ability of 
performing the behavior, so if we influence at least one factor of this equation, the 
desired behavior might be triggered  [10]. This model has direct implications to our 
research, since our aim is to propose a system, which will increase performance in the 
code documentation task, as well as provide a proper trigger in an appropriate time for 
this behavior to take place.  

4 Research Plan and Method 

The objectives of our study are to identify the reasons and challenges that impede 
developers’ motivation to document code, and to propose a utility for encouraging 
documentation and facilitating proper documentation. For this purpose, we will 
perform two studies: (1) a think-aloud protocol for examining program maintenance 
tasks performance, and (2) an experiment to assess triggers for documentation.  

In the first study we plan to conduct individual think-aloud sessions with about 15 
students in their last year of IS undergraduate studies. Each subject will perform a 
maintenance task, namely, add functionality, to code written and documented by 
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another student. The purpose is to gain a deeper understanding of the cognitive 
process a software programmer faces when maintaining code, and specifically while 
trying to understand the existing code. We will observe to what extent the subject 
relies on the code documentation during this process, and what are the important 
features in code comments that help understand existing code.   

The objective of the second study is to check whether the use of an existing 
documentation-triggering tool (CheckStyle:1 a plug-in for Eclipse IDE) improves 
documentation. The subjects of this experiment will be first year IS student in a Java 
course. The students will be divided into three groups: treatment group A will receive 
the plug-in to activate a module, which will remind them to add comments to the code 
as they develop it. Treatment group B will receive the same treatment as well as a 
social motivation – publishing their documentation level status among their peers. 
The control group will receive the same plug-in with a different module enabled (not 
related to code commenting). Our hypotheses are as follows: 

• H0a: Group A’s documentation level will be similar to that of the control group. 
• H1a: Group A’s documentation level will be higher than that of the control group. 
• H0b: Group B’s documentation level will be similar to that of Group A. 
• H1b: Group B’s documentation level will be higher than that of Group A.  

The results will be calculated using documentation metrics. In addition, following 
the experiment, we plan to collect qualitative data via questionnaires with open-ended 
questions, in order to gain a deeper understanding about the triggers and motivators 
from the students’ perspectives. 

Based on the results obtained in these two studies, and additional external 
validation with professionals from industry, we intend to create a utility, using 
persuasive technology principles, for encouraging and motivating developers to 
document their code with proper and contributing comments. The proposed utility 
will be evaluated and validated with professional software developers. 
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