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Abstract —Process Debt, like Technical Debt, can be the 
source of short-term benefits but often is harmful in the long 
term for a software organization. Nonetheless, information 
about Process Debt is scarce in current literature. We conducted 
an exploratory study of Process Debt in four international 
organizations by interviewing 16 practitioners. The findings 
show that Process Debt can be a harmful phenomenon that 
needs attention and new practices, as it is different from 
Technical Debt. We provide an initial framework, composed by 
a definition and a conceptual model for Process Debt, showing 
types, causes, consequences, and debt accumulation patterns. 
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I. INTRODUCTION  
Software Process Improvement is a widely studied area in 
software engineering. Finding systematic and efficient ways 
to produce software to effectively deliver business value to 
their customers, is one of the most important goals for 
software organizations. Clear examples have been the efforts 
in designing and adopting new processes, from the Waterfall 
to the V model, to the most recent Agile trend [1]. A plethora 
of new processes and activities are continuously proposed as 
the field evolves and new domains and products emerge. 
Software organizations need continuously to design and tailor 
new and efficient processes to guide their teams [2]. 
Consequently, several strategies and maturity models to assess 
software processes have been proposed (e.g. Six Sigma [3], 
CMMI[4]). Choosing the wrong process can lead to disastrous 
consequences. Several factors contribute to designing optimal 
processes or to assessing improvement need [5]. 

Nevertheless, what happens if the processes are not 
followed or if the processes are not well designed? In other 
words, how do organizations manage sub-optimal processes? 
Research and industry often provide new ideas how to 
implement new processes, while knowledge on change 
management can help implementing them [6]. However, how 
to prioritize the improvements of the processes that are 
already in place, and how to combine such improvement work 
besides pressing activities such as delivering features to the 
customers and fixing bugs? Is process improvement down-
prioritized in favor of such key activities? In other words, are 
companies accumulating Process Debt (PD), and how do they 
manage such debt?  

Recent research has brought quite a lot of new knowledge 
on the Technical Debt (TD) phenomenon to light, which 
characterizes sub-optimal technical implementations that give 
a short-term benefit but creates a context where a long-term 
interest is paid. For example, we know that TD is very 
harmful, and can account on average for a hidden 25% waste 
of development time in companies [7], and in addition it 
negatively affects developers’ morale and software quality 
[8]. But we do not have much information about PD. Is it also 
so harmful, and how does it occur?  

Only a few studies mention, very briefly, Process Debt, 
without providing a definition or concrete examples [9]. From 
a recent study [10], when analyzing the topics discussed in 
software development teams’ agile retrospectives, it appeared 
clear that, besides TD, developers discussed several other non-
technical issues that were deemed important for their 
performance. About one third were related to sub-optimal 
processes that needed to be fixed. In other words, they 
reported instances of PD.  

In summary Process Debt, similarly to TD, is potentially a 
very harmful phenomenon affecting software practitioners’ 
performance and the quality of software. Despite this, there is 
a knowledge gap about PD. 

In this paper, we aim to address this gap by exploring PD 
through an empirical study by gathering experiences from 
practitioners in four international software companies. In 
particular, we investigated the following research questions: 

RQ1: How can Process Debt be defined? 
RQ2: What types of Process Debt do exist? 

RQ3: How is Process Debt accumulated? 

RQ4: What causes Process Debt? 
RQ5: What are the consequences of Process Debt? 
RQ6: What similarities and differences are there between 

Process and Technical Debt? 

II. BACKGROUND 

A. Process Debt and Technical Debt 

Technical Debt (TD) research has increased steadily in the 
last ten years, showing great interest both from academic as 
well as industry [9]. However, the TD metaphor was restricted 
to enclose only technical issues, such as those related to code, 
tests, architecture, documentation, etc. [11] Other issues, such 
as social debt [12] were excluded from the set of TD issues 
and considered as different kinds of debt. In addition, other 
issues concerning builds, infrastructures, etc., which were 
previously considered TD (as in the systematic mapping [9]), 
were also removed from the TD scope. The main reasons were 
not related to the applicability of the debt metaphor, but rather 
to the substantial difference in managing issues related to 
technical artifacts with respect to non-technical aspects. For 
example, tools, methods, and strategies to manage social debt, 
where the relationships among humans are involved, can 
differ significantly from static code analyzers used to assess 
code. In summary, while TD has become well defined and has 
a community to study it (the International Conference on 
Technical Debt), several issues, also deserving the “debt” 
status, seem to have been left behind. At the same time, new 
kinds of debts emerge continuously in practice as important 
issues to be addressed [13], as testimony that the debt 
metaphor can help to reason about other aspects than the 
technical ones.  



In our study, we used the only existing definition, given in 
[10]: PD is “a sub-optimal activity or process that might have 
short-term benefits but generates a negative impact in the 
medium-long term.” However, such definition is based on the 
TD one. Therefore, we also aim to develop a better and more 
comprehensive definition based on empirical evidence. 

Like for TD [14], we assume that the PD metaphor is 
composed of similar components, namely the debt, the 
interest, and the principal. A debt item consists of the 
divergence, in practice, from an optimal process; the interest 
constitutes several negative effects generated by the 
occurrence of such debt; the principal corresponds to the cost 
of changing the process to avoid or repay the debt. 

Although a process is, most of the time, the result of a 
tradeoff across several stakeholders’ needs, some tradeoffs 
might be better or worse than others. In this case, we do not 
recognize the debt as a specific sub-optimality (which can still 
be acceptable in the best possible tradeoff), but by assuming 
that a better tradeoff (and therefore a better process) could be 
achieved to solve the same problem. However, a sub-optimal 
process is not considered PD if it does not have a clear interest 
to be paid, as it has been postulated for the TD metaphor. 

B. Process, Workflow, Debt and Process Improvement 

“A software development process, also known as a 
software development lifecycle, is a structure imposed on the 
development of a software product. A software process is 
represented as a set of work phases that is applied to design 
and build a software product. There is no ideal software 
process, and many organizations have developed their own 
approach to software development.” [15].  

In practice, there might be several sub-processes that are 
interconnected. The process can emerge or be designed. There 
can be one or more process designers (those who are in charge 
of designing and managing the process) and one or more 
process executors (those who perform one or more steps in the 
process). In some cases, these roles might coincide. 

The difference between workflow and process is that a 
workflow is a series of repeatable activities that one needs to 
carry out to finish a task. A process, on the other hand, is a set 
of repeatable activities that need to be carried out to 
accomplish some organizational goals [16]. In practice, the 
workflow represents the everyday sequence of activities for an 
individual point of view. In contrast, a process represents an 
overall sequence of activities carried out by specific roles to 
reach an overall goal. Different processes might cover 
different aspects of software development: for example, a 
process can be defined to implement a testing strategy or to 
produce documents for certification of the software with 
respect to safety, security, or other requirements, etc. 

Although there exists a large body of knowledge related to 
process improvement and change management, our goal here 
is to understand what Process Debt is and how it is 
accumulated, which has not been studied before. To do so, and 
to maintain an exploratory approach, we decided to conduct 
our investigation without using previous knowledge related to 
software process improvement to formulate our questions, but 
rather to let the lens of Process Debt direct our interviews, in 
a fully exploratory fashion. 

III. METHODOLOGY 
Case studies have been long established in the software 

engineering field to explore how different processes and tasks 
are carried out in practice in the industry. Due to the 
exploratory nature of the study, we, therefore, employed a 
multiple qualitative case study approach [1] to gain a detailed 
understanding of how PD arises and its related adverse 
consequences.  

Fig. 1. Visualization of the research model and method used in each phase. 

As illustrated in Fig. 1, the overall research design was 
divided into three different phases. The figure also describes 
what activities were performed in each of the phases, together 
with the used research methods in each phase. 

A. Phase 1—Contextual analysis and design 

First, the study was presented and discussed during a 
workshop with one or more participants from each of the four 
involved companies. Such participants were always 
employees with management responsibilities related to the 
processes, methods, and tools employed in the organizations. 
This phase acted both as an introduction session where each 
company briefly described their overall software development 
process together with an assessment of concerned 
stakeholders of the process. The goal of these workshops was 
to introduce the participating companies to the study, to align 
and equip them with relevant knowledge about the concept of 
PD (we showed the definition, we explained the metaphor, 
and we reported a few anecdotal examples) and to gather 
background and contextual information on each participating 
company in preparation for the following interviews. Further, 
the aim of this stage was also to communicate and describe 
what the "process" term refers to within this study's context 
and also to identify potential interviewees for the next stages 
of the study. Each workshop lasted from 30 to 60 minutes and 
was digitally recorded. 

B. Phase 2 — Qualitative Data Collection 

The data collection method was a combination of 
interviews together with the analysis of internal company 
documents. This study employed a combination of the 
technique of unstructured and semi-structured interviews 
where the questions were both formulated as general concerns 
and interests from the researcher about PD. However, the 
interviews also had several questions that were prepared and 
formulated in advance [2]. 

The interviews aimed to explore the concept of PD within 
each of the companies and what aspects impact and drives 
such debt. We started by asking the interviewees to describe 
their overall software development process, both from a 
historical and a systematic perspective. We asked follow-ups 
to learn about the aspects of the process, focusing on the 
characteristics described in Section I (according to our RQs). 
During the interviews, questions such as these were asked: 

 



• Describe some critical sub-optimal processes 

• What led the process to become suboptimal? 

• What are the consequences of such sub-optimality? 

• How do you prioritize improving the process with respect 
to other software development activities? 

• How useful would it be to reason about these issues using 
the PD metaphor? 

 Further, to get more insight into the existing PD, the 
interviewees were also invited to share their internal 
documents describing their process and to share their 
experience with a specific PD task that was identified before 
the interview took place. However, due to confidentiality 
reasons, these documents are not publishable. 

All interviewees were asked for recording permission 
before starting, and all interviews agreed to be recorded and 
to be anonymously quoted for this paper. Each interview 
lasted between 60 and 120 minutes and was transcribed 
verbatim. To improve the reliability of the collected data, at 
least two of the authors participated in each interview session. 

Taken together, this study includes seven focus interviews 
with in total 16 practitioners from four companies, where each 
interview included between 1 to 6 participants (according to 
the participants’ preferences). Given the exploratory purpose, 
the interaction among participants was important to 
understand possible dynamics on how PD was accumulated. 
For confidentiality, interviewees and their companies are kept 
anonymous.  

TABLE I.  Study Participants and their company 

Role Company 

Manager (Testing) 

A Process, Methods and Tools manager 

Software Architect 

Process, Methods and Tools manager 

B Process, Methods and Tools manager 

Senior Software Developer (Requirements) 

Process expert 

C 

Process, Methods and Tools manager 

Software Process manager 

Software Architect 

Senior software developer (continuous integration) 

Software Architect manager (methodology) 

Senior Software Improvement Manager 

D 
Technical manager 

Team Leader 

Senior Software developer 

1) Cases description 
To provide more context for our study, this section 

describes the involved participants in more detail. 
All four selected case companies have an extensive range of 
software development activities, specializing in different 
business and application domains.  

Company A develops software applications used within 
the car manufacturing industry. Company B develops 
software for water processing applications. Company C 
develops software used in applications such as, e.g., cars and 
IoT types of equipment. Company D develops software 
applications used in the energy and power production section 

2) Participants 
As illustrated in Table I, the interviewees work at 

companies operating in several different business domains, 
and they have several different roles and experiences. 

C. Phase 3— Analysis and Synthesis 

Based on recommendations from Yin [1], the analysis was 
carried out using a code and pattern identification technique 
called explanation building for matching the analysis from 
both the interviews and the documents into one, since this 
technique is specifically suitable for exploratory studies. This 
selected analysis technique assisted us in explaining the PD 
phenomenon by stipulating a set of causal links related to PD, 
addressing aspects such as “how” and “why” PD occurs [1]. 
The technique of gradually and iteratively building, 
comparing, grouping, and revising findings among the 
different cases resulted in a final exploration of PD. 

IV. RESULTS 
Here we present the results of our investigation. First, the 

key accumulation patterns of PD are presented (RQ3), 
followed by the most common types of PD (RQ2), its causes 
(RQ4) and consequences (RQ5). Finally, a comparison 
between PD and TD is reported (RQ6). We answer RQ1 by 
connecting all the findings from the other RQs in the 
discussion section, presenting a definition and a framework. 

A. Accumulation patterns of Process Debt (RQ3) 

Three overall PD accumulation patterns were identified: 
Sub-optimal process design, Process divergence, and Tool 
deficiencies, as outlined below. Respectively, PD is initiated 
by two main actors, process designers and process executors, 
but we found that the infrastructure can also trigger the 
accumulation of PD. We call these three PD Initiators. 

1) Sub-optimal process design 

This category includes those processes where a decision 
was made that caused the process to be sub-optimal in some 
aspects and with respect to a number of stakeholders.  

Although we call it “process design,” our analysis 
distinguishes two cases: those where the process has formally 
been designed and those where the process has emerged over 
time without a clear upfront design. Although the strategies 
to manage these two cases might differ, from a conceptual 
point of view, there is no difference if the process was upfront 
designed or the design just emerged. In both cases, the 
process design would be flawed. 

In the interviews, several instances of this kind of PD 
were identified. One example from company D was the need 
for a large number of fields in a report to be filled in by the 
developers every time a new release was delivered. This was 
decided by another organization, which used such 
information to compute analytics and statistics. When we 
investigated with the process designers and the developers, it 
was not clear why these fields were so important. They were 
decided a long time ago when releases were infrequent, and 
the developers did not have to fill in such parameters so often, 
and therefore it was not seen as a problem. However, as new 



processes (e.g., continuous delivery) were introduced to the 
software team, filling such parameters became a significant 
negative impact for the team. The emerging new processes 
had created an instance of PD by conflicting with the existing 
ones, and this was generating a substantial overhead. 

2) Process divergence 
This category refers to those processes that are initially 

effectively well-designed by the process designers but are not 
followed by process executors. Again, by well-designed here, 
we do not mean processes that do not have any sub-
optimality, but for which a better tradeoff is not identified.  

An example from company C was the formal process used 
in the company concerning the execution of unit tests. The 
process was upfront designed by the process owners, which 
were responsible for many of the processes in use at the 
company. The unit-test process included a step for which a 
certain coverage should have been achieved (a % of modules 
should have been tested) before delivery. However, in 
practice, most of the projects did not reach the recommended 
thresholds. According to the interviewees, this had an impact 
on the quality and reliability of the released software. In this 
case, although the unit-test process was well-defined, it was 
ignored by the development teams, causing an interest (in 
terms of quality and reliability) to be paid. 

3) Infrastructure deficiencies 

This category of PD contains those issues that are related 
to inefficiencies in the infrastructure supporting the 
processes. There are two sub-categories: tools that are used 
to carry out processes (e.g., project management, bug 
tracking tools) and tools that are used to design the processes 
(e.g. to create guiding documents). PD exists if an (better) 
alternative infrastructure solution is known but is not in place.  

One may argue that infrastructure is not a process, and 
therefore infrastructure debt is not part of PD. However, very 
often, the infrastructure is there to support the process and 
does not have another independent function. This is why, 
usually, in organizations we find PMT (Processes, Methods, 
and Tools) units that need to coordinate processes and tools 
together. Given how intertwined the two categories are, it 
would not make much sense to separate infrastructure debt 
from PD. In practice, any infrastructure debt will also create 
a problem for the process. We refer to infrastructure 
deficiencies as infrastructure debt (ID, as part of PD) to 
denote that the tools are a source of the debt.  

To mention an example from company D, a software 
process related to bug fixing originated from the fault 
handling being initiated by a unit developing hardware. The 
issues, created in a tool used by the hardware team, then 
needed to be processed also at a software level, and the 
software development team received a report from the 
hardware organization. The developers then needed to 
convert and duplicate the entry and add it in a software 
management tool (Jira). The lack of integration across the two 
tools created an unnecessary overhead for the developers 
every time they received a bug to fix. In particular, the 
interviewees mentioned that a solution would be possible to 
integrate the two tools. However, such development had been 
down prioritized by the management as it was not deemed 
important enough to implement.  

B. Types of Process Debt (RQ2) 

Besides categorizing PD based on where it originates, it 
is critical to understand what parts of the process are affected 
by the debt. Processes are made of several components, 
namely: roles, activities, documentation, etc. We provide a 
categorization based on such components, in a similar way as 
what is used to categorize TD (e.g., code debt, architecture 
debt, requirement debt etc.). Our analysis recognized the 
following types of debt (visible in Fig. 2): 

1) (Process) Documentation debt 

The process is usually described by documentation. 
Although, in some cases, for example when only a few 
stakeholders are involved, the process can be kept informal, 
in large projects where more teams and stakeholders are 
involved, the process needs to be well documented. The lack 
of process documentation was recognized as one of the major 
sources of PD both by process designers and by process 
executors from across all studied cases. 

First of all, it seems difficult to provide a suitable level of 
granularity for the process design. For example, the 
documentation might lack information about steps or 
stakeholders, which leads to unclarity and confusion, or, on 
the contrary, it might be too detailed. The former case is 
obvious, while the latter is somewhat counterintuitive: the 
interviewees mentioned that having too many details could 
actually create as much overhead as having too few. For 
example, too many details might give wrong instructions on 
special cases that should be handled by the executors 
(especially in the presence of frequent special cases). Another 
negative effect of such over-detailed documentation is that 
executors might skip part of it because of the presence of 
substantial irrelevant information. If the information is not 
well structured, an experienced practitioner might already be 
familiar with most of the steps, and might find it difficult to 
locate the only important piece of information that is needed.  

Besides the presence of information or the lack of it, it is 
also important that the documentation provides clear 
information. If the language and the graphical representation 
are not the ones that are used by the consumer of the 
documentation, this can have an impact on how the process 
is executed. To make a concrete example, company B 
explained that a process related to the versioning of the code 
was designed for hardware stakeholders by stakeholders in 
the software domain. Some language was not clear, as some 
terms could actually have different meanings in software and 
hardware domains.  

2) Mismatching roles and responsibilities (Role debt) 
Activities are carried out by executors, which usually 

have different roles according to the responsibilities mapped 
in the process. Roles are not physical people but are “hats” 
that are dressed by anyone in the organization to carry out a 
specific activity. Further, often roles within the process are 
also associated directly with a role that is represented in the 
overall company organization. This can create a mismatch 
between the responsibilities described in the process and the 
responsibilities in the organizational structure, which might 
prevent employees from accepting and carrying out some 
tasks for which they are responsible in the process.  

3) (Process) Synchronization debt 

The stakeholders involved in a process are also likely to 
participate in multiple processes that are intertwined. For 



example, there might be a process such as SCRUM to support 
agility, there might be a separate process that prescribes code 
reviews to ensure software quality, there might be a third 
process to certify the delivered software according to some 
standard, etc. The complexity can vary and might depend on 
the scale and domain of the organization. Such processes 
need to be synchronized via synchronization points. 
Suboptimal design of synchronization points may lead to 
steps being skipped, confusion, overhead and disrupted 
workflow. An example that was mentioned by company A 
was the presence of an overall certification process that 
coexisted together with Agile software development. The 
lack of a good synchronization across the two processes 
created frustration and inefficiencies with respect to both 
processes: teams might not be able to be agile, while the 
process occurred to have excluded some important 
certification documentation. 

On the other hand, stakeholders also have a workflow (see 
section II.B). An example is a software developer that needs 
to perform a bug fix (a task that needs different steps) while 
at the same time the code needs to be reviewed, certified, 
tested etc. Different activities in the workflow of a 
development task might belong to different and parallel 
processes. One key finding from our interviews with the 
executors of the processes is that developers need to 
accommodate different external processes into their 
workflow. The interconnection of such processes might 
create a sub-optimal workflow for the developers, where 
some activities are in conflict with each other. As an example 
from company D, a developer mentioned that he had to get 
information from another unit following a different process 
for defect handling, which then had to be converted into a 
user story according to SCRUM, while at some point, when 
the code for such story was delivered, additional 
documentation was needed by another organization to 
generate analytics. In addition, other steps in between were 
also related to different processes. In this case, the developers 
were complaining as their workflow for the bug fixing was 
continuously interrupted by several activities that made such 
workflow tedious, error-prone and inefficient.  

The lack of proper synchronization between the overall 
processes and the individual workflow of the stakeholders is 
therefore to be considered PD. 

4) Process unsuitability 

Some activities within the processes are included for 
reasons that might not be in line with the business needs of 
an organization. An example from company A was the 
presence of a waterfall-like process for the development of 
their mechatronic product. Such a process was inherited from 
other disciplines such as mechanical and electrical 
engineering, as software was part of the overall development. 
However, such process was not suitable, as the developers 
needed to develop software iteratively. Although the 
development teams were providing documentation to comply 
with such process, in practice the real process was iterative 
and was not complying with the formal one. This caused 
confusion and inefficiencies, for example when stakeholders 
needed information on a specific step of the process, but the 
documentation was not reflecting the activities that were 
carried out, which generated false information. 

 
 

Fig. 2. Types of Process Debt and sub-types 

5) Activity-specific debt 

Processes are created for many different goals and may 
involve many different activities. We found several kinds of 
activities that were flawed: for example, a sub-optimal 
prioritization process could be called prioritization debt, a 
sub-optimal certification process could be called certification 
debt and so on. There may be many activities that could 
generate debts. In addition, many activities are context-
dependent, meaning that they appear in some companies and 
not for others, or they appear with different names. These all 
fall in the PD category. 

6) Infrastructure Debt 

As argued in the previous section, infrastructure debts 
(IDs) are considered to be PDs. Here we explain more in 
detail what specific issues can be considered ID.  

Tools in the toolchain may work seamlessly with each 
other, or they may not. When tools that are part of the same 
process or they are part of different processes but are 
interacting within the same workflow for the stakeholders and 
they are not well integrated, they might create overhead, 
errors or excessive task switching for their users, which 
qualifies as PD. 

Additionally, tools might be outdated and might become 
unfit to support modern processes. An example from 
company B is related to a software versioning tool that was 
purchased several years back and had always worked well. 
However, when the company moved to continuous 
integration and continuous delivery, the tool did not support 
fast operation with the distributed codebase. Consequently, 
the process was slow, and developers would not deliver often 
to avoid additional overhead. The company decided to 
remove this PD and to purchase a new tool. 

Finally, there might not exist tools that fit well with the 
processes, or the right tools might require high costs. This 
might lead to tools that are not used for the purpose required 
by the process and might therefore be sub-optimal.  
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Fig. 3. A map of the causes and consequences of Process Debt. Cultural and 
Organizational factors contain additional sub-categories that are not shown 
in the picture but are reported in the text. 

C. Causes of Process Debt (RQ4) 

Our results show how a large number of causes can be 
responsible for the introduction and the presence of PD. The 
causes are also illustrated in Fig. 3 (left part). 

1) Process competencies: An obvious issue leading to PD 
is the lack of competences to design, manage and execute 
processes. Processes can emerge and not be designed upfront, 
but in any case it is important that processes are assessed, 
supported by infrastructure and maintained. As mentioned by 
an employee in company D, it is important to have a 
responsible person for managing processes and to have 
managers who understand the value of processes. Another 
factor is the experience that practitioners already have with a 
given process: if they are familiar with it, they might even 
optimize it without following all the instructions, while for 
employees that are not used to work according to a given 
process description it might be confusing and may potentially 
trigger the introduction of PD.  

2) Value neglection: an important issue about processes 
is that it is not often clear to all the stakeholders what value it 
brings to them or to the organization. The lack of a clear 
explanation and education of the stakeholders on what value 
the process brings to the organization often causes the process 
executors to neglect the process, leading to PD. On the other 
hand, a process needs to be designed with a clear purpose and 
value in mind, and not just as a mandatory management 
equipment introduced by the organization.  

3) Lack of follow-up assessment: once the process has 
been designed and implemented, it should be assessed and 
improved according to the needs of the stakeholders. 
However, the lack of such follow-up does not allow to 
identify and track possible PD. In addition, the lack of follow-
up and improvement does not ensure that any divergence 
from the process is captured and handled, which may lead to 
the growth of PD. 

4) Special contexts and situations: different companies, 
units, teams, special domains, special events, etc. all 
contribute to making existing processes sub-optimal, which 
generates PD and costly consequences if such special 
contexts and situations are not accounted for in the process. 

5) Cultural causes: there are several cultural issues that 
have been mentioned by the practitioners. A major issue is 
the lack of software culture in other organizations, for 

example related to mechanical and electrical engineering. 
This means that processes that are well designed for other 
contexts are not optimal for software development. In 
addition, different teams and different individuals have 
different experience, maturity, motivation and leadership 

styles (they might like or not to be guided by a process). This 
leads processes to be optimal for one team or one individual 
but not for another. Various issues have been mentioned in 
the interviews that are related to these cultural aspects: 
experienced people might neglect the process thinking that 
they do not need it (while occasionally missing newly added 
critical steps), while less experienced individuals and teams 
might not understand the purpose of the process and just 
rigidly follow it without judging special situations. The same 
process can be followed by individuals and teams who desire 
a proper guide to be followed, while others might instead 
desire to be only self-guided and independent (even at the 
expense of other organizations). One of the interviewees from 
company A explicitly estimated that cultural issues could 
even account for a third of the total number of process debts 
within their company. 

6) Lack of prioritization: similarly to TD, PD issues are 
quite often not managed because they are not prioritized as 
important to be fixed. This can be due to too many foci for 
the teams, or to strategies focused on short-term goals etc. 
The interviewees mentioned that PD issues often get attention 
only after several employees have raised the issue and one 
interviewee also stated that the PD issue needs time to be 
discussed iteratively during several occasions before it might 
get attention and thereafter being prioritized. In addition, 
many of the interviewees mentioned that PD issues are at best 
reported in a non-prioritized list also by the stakeholders, 
which does not help them getting attention. This is an issue 
that we know well in connection with TD: to be prioritized, 
the TD issues need to be assessed and estimated. This is not 
something that is currently being done with PD issues, 
probably because of the lack of a framework, practices and 
responsible for implementing or changing the process. 

7) Technology and tools: the infrastructure is important 
to support the processes, to automate and facilitate their steps. 
The lack of infrastructure or the presence of infrastructure 

debt (described earlier) can cause additional PD, like in the 
case when an old tool configuration management tool does 
not support fast deliveries.  

8) Cost of process changes: sometimes it is known how 
to eliminate or avoid some PD. However, the cost of 
removing the PD can be prohibitive, especially if the value 
and the interest paid by the practitioners due to  PD is not 
clear and assessed. In addition, company C mentioned that in 
many cases the estimations for changing the process turned 
out afterward to be incorrect, which brings them to be 
cautious about fixing further PD. 

9) Organizational causes: as for the cultural factor, there 
are many organizational issues that can affect the process. 
Examples of organizational issues are related to a structure 
where roles and responsibilities are not clear. This is directly 
responsible for Roles' debt, as the roles created for the process 
do not have clear matches in the organization and the process 
is not carried out by the individuals who are supposed to.  
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Another issue is related to the interaction with very 
different organizations with different cultures, interests and 

power: examples are processes for example (not) followed by 
open source organizations developing an OSS component 
used by the development team (e.g. the lack of a correct 
library versioning), or other stakeholders that may have 
interests in receiving data to compute analytics without 
knowing about the burden for the developers, or yet again 
organizations that are just used to employ unnecessarily 
heavy processes, which make software development 
inefficient. The issue is not so much the existence of external 
organizations, but rather the distance between the 
stakeholders in the software development team and such 
organizations. It is possible that the different organizations, 
to communicate, have to go through several levels of 
indirection (talking to a manager who talks to another 
manager etc.), which does not contribute to making the 
stakeholders aware of each other needs and challenges.  

Yet other organizational issues might be related to the 
sheer scale of the organization. The feedback loop between 
the process designers and the many stakeholders (e.g. many 
teams) is prohibitive and efficient top-down followup is not 
possible. Tailoring the process to all possible contexts is not 
feasible without empowering the stakeholders themselves to 
tailor the process: however, this might easily diverge from the 
original purpose, as the stakeholders might try to optimize for 
their local optimum, creating PD that affects other 
stakeholders. 

10) External trends: in some of the interviews, 
especially from company A, several of the participants 
described external trends that affect how processes are 
adopted in the company. Adopting processes that are not 
suitable for the company according to trends can lead to PD. 

D. Consequences of Process Debt (RQ5) 

Together with the main causes, this study also reports the 
main consequences derived from the analysis from the 
conducted interviews. These consequences are also presented 
in the right part of Fig. 3. 

When analyzing the consequences, it was evident that PD 
has two kinds of negative effects: besides the generation of a 
long-term interest (as for TD), process sub-optimality can 
actually often lead to initial waste (of time, effort, budget, etc.) 
for the stakeholders. The initial waste can in some cases be 
reduced by refining the process. However, in many cases, such 
negative effects can also easily become a long-term interest. 
This means that the two groups are not mutually exclusive, but 
the consequences listed as initial waste might also belong to 
the long-term category, although they might show up early.  

1) Long-term consequences 

a) Late customer deliveries: although skipping some 
steps and activities in the process might promote quicker 
deliveries of customer value in the short-term, the 
interviewees reported that commonly such way of working 
would cost more in the long run and could also cause longer 
delivery times in the long term. In some reported cases, the 
customers were not aware of the PD and how it was 
accumulated and its consequences, which made them 
unhappy when the unexpected long-term delays showed up.  

b) Low software product quality and TD: one of the 
purposes of processes is to assure that products are delivered 
to the customers and are satisfying several qualities critical 
for the customers. Many PD instances have been mentioned 
by the interviewees as generating quality issues in the long 
term. For example, not delivering proper coverage for unit 
testing can create additional defects in the long run, and can 
undermine the confidence of the organization in delivering 
additional features that are not appropriately tested (company 
C). Another example is given by several of the companies, 
who mentioned how PD quite often generates TD. For 
example, sub-optimal code reviews do not catch TD in the 
code, while the lack of a process to manage the iterative and 
continuous feedback loop between software architects and 
development teams can lead to architecture debt. 

c) Hindering other processes: processes are often 
intertwined, and the presence of PD in some processes might 
often generate disruption in other processes as well, 
generating new PD (e.g., in the case of synchronization debt). 
This is a characteristic that leads to the contagiousness of PD 
and possible vicious circles. An example mentioned by our 
interviewees was related to an existing PD (infrastructure 
debt) related to an outdated tool whose technical issues 
prevented the implementation of continuous integration. 

d) Issues with certification: another example reported 
by companies A and D was related to skipping process steps 
related to certifications. Such steps often provide 
documentation and evidence that the product had indeed 
successfully gone through all the steps that are required by 
the certification authorities. In the end, this could cause 
difficulties in obtaining certifications or the need to re-
validate and re-perform steps of the process wasting a large 
amount of time, resources and budget in the long term. 

2) Initial waste 

When process designers create a process, it can be the 
case that the process is sub-optimal right from the beginning. 
This can be due to many challenges, such as, for example, the 
difficulties to satisfy all the stakeholders involved. Although 
these effects can be multiple, we focus here on the effects that 
the initial waste has on the software developers. 

a) Developers morale (tedious work): one issue, 
especially related to documentation debt and infrastructure 
debt is the creation of documentation or additional steps in 
the developers’ workflow that need to be delivered but are 
unnecessary. This can happen for several reasons, as 
mentioned earlier, because of organizational or cultural 
issues, or because of sub-optimal infrastructure. These issues 
are the source of overhead and tedious work for software 
developers, which affects their morale. According to our 
interviews, it is commonly the case that developers prefer to 
work with processes that allow them to feel productive. The 
sense of accomplishment can be highly reduced by the feeling 
that much of the work has been dedicated to producing 
documentation that is not really useful for anyone. This is 
also related to the neglect of value and unclear purpose. In 
some cases, developers might not be aware of what the value 
for some of their processes is, which has the same effect on 
their morale, although the additional steps and documentation 
might not actually be unnecessary.  

b) Developers mistakes: some PD affects the 
developers by making their workflow error-prone. For 



example, a developer from company D mentioned how the 
frequent copy-paste and duplication of information from the 
one tool to another (because of infrastructure debt) caused 
him to make mistakes that were then propagated to the 
stakeholders consuming the documentation created during 
the process. In general, when processes and workflow are not 
well synchronized (see synchronization debt), the developers 
often have to switch tasks continuously between one process 
to the other, one tool to another etc. Although this does not 
perhaps directly create a measurable extra-effort, developers 
suffer from unnecessary task switching as an additional layer 
of complexity on their job, which is not very different from 
having a more complex architecture to deal with. However, 
such additional complexity created by PD is difficult to see, 
unless the workflow is visualized. In company B and D, 
where we were able to visualize the studied process, the 
interviewees mentioned how they were helped in catching the 
presence of PD. 

c) Developers overhead: besides tedious work and 
errors, several of the PD mentioned in the interviews directly 
caused an overhead for the software developers. Sub-optimal  
documentation granularity, infrastructure debt, the presence 
of unsuitable processes, and other activity-specific debt was 
the source of unnecessary effort spent by the developers in 
activities that were sub-optimally designed as mentioned for 
several instances presented in section IV.B. 

d) Uncertainty about the process: the lack of 
documentation and clarity about purposes and roles, often 
creates confusion and uncertainty for the process executors. 
This leads to mistakes related to the outcome of the process, 
which in turn can generate several of the other consequences 
listed here, including the generation of additional PD.  

e) Loss of trust in the processes: the presence of PD, 
especially related to the other initial waste categories 
mentioned previously, can create the perception for the 
developers that the processes are generally not trustable. 
Consequently, this can create a sub-culture in the teams for 
which processes are not worth being followed (even in those 
cases where the process might be optimal and valuable).  

E. Comparison with Technical Debt (RQ6) 

One of the important questions that we wanted to answer 
was related to Technical Debt: is Process Debt something 
completely different, and is it worth using the debt metaphor 
in such context? We discussed this directly with the 
interviewees (only with those ones who were already familiar 
with TD), and below we report both commonalities and 
differences that we found with TD.  

a) Similarity - short-term focus leading to long term 
consequences: many interviewees recognize that the same 
causes related to the short-term focus ignoring sub-optimality 
in the code that might generate long-term negative impact are 
responsible for the occurrence of PD. 

b) Similarity – process and architectural debt: both 
process and architecture are designed (or emerge), and both 
consist of an overall abstraction that is modeled to guide 
developers in doing their work. In both cases, one can have 
an optimal design (of architecture or process) that is not 
followed (which is TD and PD), but at the same time, the 
design can be flawed (which, again is both TD and PD).  

c) Similarity – principal and interest: discussing with 
the interviewees, it was obvious how the two main 
components of the metaphor, principal as cost of changing 
the process to remove PD, and interest, as the extra negative 
effects produced by PD, would fit well to describe and reason 
about PD as well. However, as mentioned below, we might 
need to take into consideration other components as well (see 
below, point h). 

d) Similarity and difference – Documentation debt: 
documentation debt seems to be very similar when 
documentation is used to describe the process, compared, for 
example, to the documentation that is used to describe 
requirements and the architecture.  
On the contrary, documentation debt related to  code 
comments does not seem to appear as a type for PD, probably 
because the process is not described in connection with code.  

e) Similarity – Prioritization: PD and its harmful 
consequences seem to be caused by the same sub-optimal 
prioritization practices that lead to the accumulation of TD.  

On the other hand, novel practices are being developed 
to prioritize TD that was not previously used by 
organizations. For example, the metaphor using the interest 
(extra-negative impact) and principal (cost of repaying the 
debt) to perform a cost-benefit analysis seems to be a simple 
yet powerful approach. When asking developers and process 
owners if they use any prioritization technique to decide upon 
changing the process to remove PD, they mentioned that no 
practice was used. When we discussed the possible use of 
techniques used in the TD domain to also manage PD, we 
received a positive response.  

In addition, the interviewees explicitly reported how 
using the PD metaphor would be helpful, especially because 
the debt metaphor gives a new dimension to reason about 
how to prioritize process improvements.  

f) Difference – developers disturbance: one of the 
many issues brought up by the process executors was that 
besides the extra-effort paid for some issues, one of the main 
problems was the presence of continuous disturbance in their 
workflow because of suboptimal synchronization across 
process and their workflow. This is less emphasized in TD 
research. 

g) Difference – PD is less measurable: according to 
some interviewees, PD can be quite different to measure than 
TD. For example, code, architecture, and tests can be 
analyzed (to a certain extent) in order to identify the presence 
of anti-patterns. For processes, most of the sub-optimalities 
consist of activities that are done or not by the process 
executors. As mentioned by company A, following such 
traces might be complicated, which might hinder identifying 
and quantifying the PD the same way as it is done for TD. On 
the other hand, most of the architectural and requirement 
debts are still issues that are hard to measure. Consequently, 
although PD seems in general to require different 
measurements, some TD types can suffer from similar 
challenges. This means that an existing approach for 
managing TD could be useful for similar PD types. 

 
 
 
 



Fig. 4. Conceptual Model of Process Debt, main entities and relationships 

h) Difference – value: code is an asset that represents 
the actual product delivered to the customers. Its value is, 
therefore, directly connectable to them. A formal process 
might exist or not (although a working process always exists), 
and it has value as long as it (indirectly) allows to develop 
such code or helps to reach an organizational goal. However, 
such value might be more difficult to be captured by process 
executors (e.g., developers), given, in some cases, the 
indirection with their everyday work (delivering code). In 
summary, the value when assessing PD is something that 
needs to be explicitly mentioned and represented in the 
equation along with the principal and the interest of PD. 

i) Difference – initial waste: as mentioned in section 
IV.D.2, the consequences of PD might be very immediate and 
not only long-term. This means that a process can start with 
an interest directly associated with it. Although we observe 
that such interest can then become long-term, this makes the 
definition of PD somewhat different from TD’s one and, most 
likely, it might also have differences in its management. 

j) Difference – types of PD: most of the TD types have 
been recognized and consist of quite stable categories, such 
as architecture debt, design debt, code debt, etc. according to 
which artifact is affected. PD has an additional dimension: 
processes may consist of several activities, and different 
activities can be quite context-dependent or may require 
different prioritization and management strategies. We, 
therefore, argue that PD types might need and additional 
categorization following the specific activity that is sub-
optimal (e.g., prioritization debt, testing strategy debt, etc.). 
A complete categorization might need to be reached when 
more evidence is collected in further studies. 

V. DISCUSSION 
In this section we discuss our results and we provide a 

framework to reason about PD and a roadmap for research. 

A. Key findings and a roadmap for PD research 

First of all, the existence and importance of Process Debt 
has been acknowledged by all the interviewees, whom 

reported concrete examples of PD associated with significant 
consequences (RQ5). This highlights how the phenomenon 
of PD is critical in their organizations. 

The debt metaphor seems to hold in a similar way as for 
the Technical Debt, with the principal and especially the 
interest as a key concept to reason around Process Debt. In 
particular, the interviewees, when asked, considered the 
metaphor useful to support a better prioritization of process 
improvements. This could mean that practices used to 
manage TD could be useful to manage PD as well. 

The previous conclusions are similar to what we already 
know about TD. However, we found a number of differences 
that motivate future additional studies on the topic (RQ6). In 
particular, we understood that a key concept related to PD is 
its value for the stakeholders. This is a third variable that 
needs to be taken in consideration for the assessment of PD. 
In addition, ill-designed processes can create an additional 
initial waste, which is often not the case for TD. 

Causes (RQ4) and consequences (RQ5) of PD, although 
overlapping, seem to differ from the ones related to TD. In 
addition, we found three patterns for accumulation and 
consequent initiators for PD (RQ3): process designers create 
flawed processes, process executors diverge from well-
designed processes, and the deficiencies of a supporting 
infrastructure might create difficulties.  

This means that PD needs to be further studied as an 
independent phenomenon. The types of PD that we have 
found (RQ2) also vary greatly, being defined by special 
activities and process aspects that are sub-optimal: and a 
more in-depth categorization is needed in the future. 

This also has implications on the techniques that can be 
borrowed from TD studies: the usage of such techniques for 
prioritizing PD against other competing activities (e.g. 
features, bug fixing, TD refactoring, etc.) seems compelling, 
but such techniques need to be adapted to the differences 
related to PD. Such differences need to be further studied. 

B. A framework to reason about Process Debt (RQ1) 

We propose an overall Process Debt Conceptual Model 
(Fig. 4) where all the key elements and their relationships are 
visible (RQ1). All the entities and their connections are fully 
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explained in our findings according to our RQs. In particular, 
we know that an optimal process, either designed or emerged 
in the organization according to a tradeoff among the benefits 
for the stakeholders, can be affected by Process Debt. PD is 
caused by three accumulation patterns, which are triggered by 
several causes (reported in Fig. 2) and by three overall 
initiators. Process Debt also has several types: each type is 
defined either by the process aspect (role, documentation, 
synchronization with other processes etc.) that is the source of 
suboptimality, or by a specific activity that is sub-optimal. PD 
can be assessed, as for TD, by estimating the interest and the 
principal, but the value for the stakeholders also need to be 
assessed. PD has several negative consequences, which affect 
the stakeholders. Such consequences can consist of long-term 
negative effects, or by initial waste that can then persists and 
become long-term one if not removed. Such consequences are 
the ones generating the interest.  

Then, given that the PD definition proposed in [10] was 
based on the definition given for TD and we found several 
differences between PD and TD, we propose the following, 
updated definition for PD (RQ1): 

“Process debt is the occurrence of sub-optimal process 
design, divergence from optimal process or deficiencies in the 
infrastructure that might be beneficial in the short term. 
However, such issues might cause both a short-term waste and 
might create a context in the long term where a high negative 
impact is suffered by the process stakeholders”. 

C. Limitations and threats to validity 

Our study relies on interviews with a limited set of 
organizations. Therefore, our results are not complete, and 
more studies are required in order to further understand the PD 
issue. However, our exploratory work here provides a first 
conceptual framework to understand and further study the 
phenomenon of PD.  

This means that our results cannot be considered general 
and suffer from external validity threats. For example, 
additional organizations with different domains and contexts 
should be interviewed and surveyed to reach a complete 
conceptual framework. Some of our results would hold in 
different settings (e.g., the types of PD), but, for example, 
some of the causes and consequences might not apply or be 
different in such contexts. We, therefore, acknowledge that 
further research is required. However, we argue that our 
exploratory effort is already valuable, in that we included 
different companies and different stakeholders, ranging from 
processes designers to software developers, to team leaders 
and practitioners in other organizations such as hardware 
designers. We argue that it would not be possible to cover the 
phenomenon in its entirety with just one study, but we call for 
the software engineering community to contribute to study PD 
with additional studies. 

As for reliability, although it’s often the case that 
qualitative studies rely heavily on the researchers’ 
interpretation, we made sure that in the majority at least two 
researchers were present at the interviews, and two researchers 
analyzed the interviews in parallel and then discussed and 
agreed on the resulting coding.  

VI. CONCLUSION 
In this paper, we explored the phenomenon of Process 

Debt. We provide a first understanding of the phenomenon, 

what its causes and consequences are and how it differs from 
the popular phenomenon of Technical Debt. 

We provide an initial framework, including a definition 
and a conceptual model, which can help to understand and 
manage PD for both researchers and practitioners.  
 Our first empirical exploration shows how Process Debt is 
a harmful phenomenon affecting software products and 
software practitioners, and it needs attention both in academia 
and in software organizations. The debt metaphor helps 
reasoning about the prioritization of process improvements 
with respect to competing activities such as feature 
development. We argue that some existing TD practices can 
be adapted to help with the management of PD, while new 
approaches are needed to tackle specific issues. We envision 
this study as the first step of a larger and joint community 
effort to tackle Process Debt. 
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