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Abstract—As technical debt (TD) potentially occurs as a result of poor decisions that affect 

software development tasks, one might expect that practitioners following different process 

models, such as agile, hybrid or traditional, will perceive and manage the effects of TD 

differently. This study investigates the potential relationship between development process 

models and TD effects and their management by surveying 432 practitioners from software 

organizations in Brazil, Chile, Colombia, and the United States. Results indicate that, although 

opinions about debt prevention and repayment are the same regardless of the process model, 

there are differences in how practitioners monitor and feel the effects of TD. Development 

teams can use our findings to have a clearer view of the possible effects and managerial 

influence of TD in their projects for each type of process model. 

 

 Technical debt (TD) contextualizes the 

problem of taking design shortcuts in pending 

development tasks as a type of debt that brings a 

short-term benefit to the project, usually in terms of 

increased development speed or shortened time to 

market, but which may have to be paid with interest 

later on in the software development process [1]. As 

TD is potentially a result of poor decisions related 

to development tasks, one might expect that the 

inherent context resulting from following different 

process models, such as agile, hybrid or traditional 

[2], leads to differences in how teams view the 

effects of TD, and thus how they manage TD.   

The effects of TD can impact software projects in 

several ways [3]. Having information about potential 

TD effects aids in the prioritization of TD items to pay 

off, by supporting a more precise impact analysis and 

the identification of corrective actions to minimize 

possible negative consequences for the project. It is 

even more useful to know what the common TD 

Authorized licensed use limited to: Montana State University Bozeman. Downloaded on March 31,2021 at 17:26:06 UTC from IEEE Xplore.  Restrictions apply. 



0740-7459 (c) 2021 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more
information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/MS.2021.3058652, IEEE Software

 

2 IEEE Software 

 

 

effects are in specific contexts, e.g. when following 

a particular process model, so that projects can 

choose TD repayment strategies that ameliorate 

effects that they are likely to experience, as 

opposed to effects that are less likely to apply to 

their project. 

TD management encompasses activities related to 

TD prevention (applying good practices that minimize 

the occurrence of debt [4]), TD monitoring (of the 

costs and benefits of unresolved TD over time [5]), 

and TD repayment (the elimination of identified TD 

items [4]). One might expect that there are differences 

in how debt items are prevented, monitored or repaid, 

for different process models. For example, due to 

agile’s focus on reacting to changes, practitioners 

following agile processes might be more able to 

prevent the occurrence of debt items. On the other 

hand, due to the high emphasis on documentation in 

traditional process models, debt repayment could be 

costier (as multiple artifacts are likely to be impacted 

by any change).  

Although the aforementioned expectations and 

many others could be valid, the fact is that despite 

current efforts to understand TD effects [3,9,10] and 

TD management [1,4,5], very little is known about the 

relationship between TD effects, TD management, 

and process models. We approach this topic by 

surveying 432 practitioners from different countries in 

the context of the InsighTD Project [3] (see Sidebar 

1). Such investigation can provide guidance for 

practitioners in several ways: 

• Understanding the impact of the process model 

on TD management. This could avoid, for example, 

“silver bullet” thinking: just by choosing a specific 

process model, the TD management would be trivial;  

• Knowing the effects that are more prone to affect 

their processes would help the team narrow down the 

choices for TD management strategies, including 

repayment options, impact reduction, and risk 

management; 

• Reducing the chances of making decisions based 

only on subjective opinions or assumptions about TD. 

By relying too much only on their personal beliefs, 

practitioners might face several risks in their projects 

[11]. 

 

(Sidebar 1) The InsighTD Project 

 

The InsighTD project started in 2017 and is based 

on an industry survey covering six main areas of 

investigation: TD concept, causes, effects, prevention, 

monitoring, and repayment. Previous InsighTD 

publications have addressed the following topics:  

• What are the effects of different types of TD? 

• When, how, and why do practitioners pay off TD 

in their projects?  

• What do teams do to prevent TD and how 

successful are they? 

Until recently, the InsighTD data set has not been 

large enough to partition according to the context 

questions asked in the survey (such as process model). 

This paper represents the first opportunity to explore 

differences between different types of projects in the 

InsighTD data. See http://www.td-

survey.com/publication-map/ to learn more about 

other InsighTD investigations. 

THE SURVEY 

The work discussed herein uses a subset of 14 

questions from the InsighTD questionnaire. Q1 to Q7 

characterize the survey participants and their work 

context. In Q8, we presented the definitions of agile, 

hybrid, and traditional process models [2] and asked 

the participants which one was followed by the 

development team. Next, we ask participants to define 

TD in their own words in Q10. Then, we present a TD 

definition adapted from McConnell [8]. Q13 asks for 

an example of a TD item. Q22, Q24, and Q26 are 

yes/no questions about TD prevention, monitoring, 

and repayment, respectively. Finally, Q20 is an open-

ended question about effects of TD. The answers to 

this question were analyzed qualitatively using the 

open coding technique [3] by at least three 

researchers. 

Only responses from participants who provided a 

valid definition of TD for Q10 and a valid example of 

a TD item in Q13 were considered for analysis [3]. 

Thus, the survey obtained 432 valid answers from 

developers in Brazil (107), Chile (92), Colombia 

(134), and the United States (99). Most respondents 

identified themselves as proficient (33%), followed by 

competent (29%), expert (26%), beginner (11%), and 

novice (1%), indicating that, in general, the 

questionnaire was answered by professionals with 

experience in their functions. 

According to Q8, 44% of the respondents followed 

hybrid, 41% followed agile and 14% followed 

traditional process models. We first checked for 

associations between the process model type and 

possible confounding factors (company size, team 

size, participant’s role, experience level of 

participants, system size, and system age) using 
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Pearson’s Chi-squared test and Fisher’s exact test. 

This check did not find any significantly significant 

effects. Thus, we can conclude that our dataset does 

not have significantly different distributions of context 

factors for the three process models.  

If the reader is interested on additional details 

about the demographics, analysis procedures, and 

their execution, please access the auxiliary material at 

http://bit.ly/3jgQJBO. 

IS TD MANAGEMENT DIFFERENT IN AGILE, 

HYBRID, AND TRADITIONAL PROCESS 

MODELS? 

TD management encompasses a number of 

activities [4,5], including prevention, monitoring, and 

repayment. The InsighTD survey addresses the TD 

management topic by asking participants about these 

three activities specifically through yes/no questions. 

We used descriptive statistics and hypothesis 

testing to investigate the association between process 

model and how practitioners dealt with TD 

prevention, monitoring, and repayment. First, we 

divided the dataset into three groups by process model 

(agile, hybrid or traditional) along two dimensions 

(yes/no) for each TD management question. Then, we 

calculated the number of yes and no answers in each 

group for each question Q22 (prevention), Q24 

(monitoring), and Q26 (repayment). Lastly, we 

investigated whether there are significant differences 

between the groups using Pearson’s Chi-squared 

statistical test and the V-Cramer statistic.  

Figure 1a shows the percentage of each group 

indicating whether the TD item could be prevented. 

The cells of the table show the percentages of 

respondents, with actual totals per line and per 

column. Clearly, the distributions of answers are not 

different among the three process models, as 

confirmed by the V-Cramer statistic (0.0437) and the 

Pearson’s Chi-squared statistical test (p-value 0.663). 

No matter which process model the development 

team was following, most practitioners thought 

that the TD could have been prevented. 

 This result is interesting because of the perception 

that agile’s focus on reacting to changes would 

provide more opportunities to prevent debt. But these 

data show that practitioners following a traditional 

model still see opportunities for TD prevention. 

Clearly there is room for process improvement 

towards the prevention of TD, no matter which 

process model is being followed. 

Figure 1b and Table 1 show the results for the 

question about TD monitoring, and indicate larger 

differences, especially between agile and traditional 

projects. Participants that follow agile process 

models are more inclined to monitor TD in 

comparison to those using traditional process 

models.  

This result has two immediate implications. Firstly, 

the effects of TD are commonly related to internal 

 

Figure 1. Relationship between the process model and TD prevention, monitoring, and repayment. 

 

Table 1. p-value and effect size between process models with respect to TD monitoring. 

Process Model 

Pearson’s Chi-squared statistical test 

(with 95% of confidence level) 
V-Cramer 

p-value Is there significant difference? Value Effect 

Agile, Hybrid and Traditional 0.009421 Yes 0.1128245 Moderate 

Agile and Traditional 0.005949 Yes 0.1675978 Strong 

Agile and Hybrid 0.022910 Yes 0.1128245 Moderate 

Hybrid and Traditional 0.254300 No 0.06247666 Weak 
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quality issues and many of them (e.g. low internal 

quality, low maintainability, rework) are directly 

related to coding activities [3]. As coding occupies 

more attention and time in agile projects (as compared 

to traditional), practitioners on agile projects would 

also more immediately benefit from TD monitoring. 

Secondly, given the increased planning and 

monitoring burden in traditional processes (as 

compared to agile processes), TD monitoring might be 

seen as an unnecessary addition to that burden. 

Figure 1c shows the percentage of each group 

(process model) indicating if the TD item was paid 

off. While there are some differences among groups, 

they are not large or significant (V-Cramer statistic 

0.0718, Chi-squared p-value of 0.329). TD 

repayment did not happen in most cases regardless 

of the process model they followed. 

In conclusion, although the overall tendency is not 

to repay the existing TD, regardless of the process 

model, we found a substantial percentage of items that 

were repaid (a mean of 40% of the cited items). 

Specifically, participants that follow agile process 

models seem to be slightly more prone to eliminate 

TD. This result can also be explained by the fact that 

debt items are more commonly found or reported in 

coding related activities. Those activities are subject 

of much focus in agile processes and, thus, the 

benefits of repaying the debt would be felt more 

immediately in agile process. On the other side, 63% 

of participants from traditional processes indicated 

that the debt items were not repaid. This high 

percentage indicates that the traditional process tends 

to suffer more from the negative effects of the 

presence of TD, and add up to well-known problems 

faced by traditional processes, in an equation that is 

hard to solve. 

Lastly, we noticed advances in terms of TD 

monitoring, which was performed for most of the 

cases (54% overall). However, the TD monitoring is 

significantly influenced by the followed process 

model. Agilists are more likely to monitor TD than 

hybridists and traditionalists. 

ARE THE EFFECTS OF TD DIFFERENT IN 

AGILE, HYBRID, AND TRADITIONAL 

SOFTWARE PROJECTS? 

Through qualitative analysis of the responses to 

Q20 [3], we identified 79 effects of TD in software 

projects. We then divided the cited effects into agile, 

hybrid, and traditional subsets based on Q8. The 

effects in each subset were ordered according to their 

frequency, i.e. the number of participants who said 

that an effect was an impact of the TD example they 

were describing.  

To better understand the relationship between TD 

effects and process models, we quantitatively 

measured the similarity of the effect ranking lists for 

each process model using rank-biased overlap (RBO). 

This analysis indicates whether, in general, the 

process models suffer from the same types of TD 

effects, and with the same frequency. RBO supports 

top-weighted ranked lists, thus, the first elements in a 

list have more impact on the similarity index than the 

latter ones [6].  

Figure 2 shows the RBO comparison between the 

ranked lists of effects identified from each process 

model. Each line of the figure represents a comparison 

between two of the process models. As the p-value 

increases, more elements of the lists are included in 

the comparison. The RBO indicates that the lists are 

overlapping when its value is closer to 1. As one 

might expect, the largest differences are found 

between the traditional and agile process models. The 

hybrid model had more similarity to both the agile and 

traditional models than they did to each other, 

although hybrid was much more similar to the 

traditional than the agile. Thus, we conclude from 

Figure 2 that agile software development projects 

experience the effects of TD in different ways than 

non-agile projects. 

Still analyzing Figure 2, we can also observe that 

as RBO includes more effects in the comparison (p-

value increases), the overlapping between the process 

models decreases, revealing that the most commonly 

cited effects on each list are very similar. Table 2 

presents the five most commonly cited effects by 

process model, which are very similar. Thus, just 

looking at the most common effects is not enough to 

 

Figure 2. RBO of effects ranks per process model. 
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really understand the differences between the process 

models. The real difference is not in what effects are 

high on the list, but the balance or relative 

probabilities of the different effects. For instance, 

although delivery delay is the most common effect in 

all process models, it is more commonly faced in 

traditional models (25.8% of the cases) when 

compared with agile models (20.1%).  

These findings can assist in decision making, 

incorporating a wider range of potential consequences 

in decision models that attempt to capture the long-

term cost of TD. Although the overlapping of agile, 

hybrid, and traditional process models reveals that 

they share the majority (65%) of identified effects, 

these effects can impact projects slightly differently 

depending on which process model they are 

following. Thus, new approaches to mitigate TD 

effects should consider how frequently each effect 

impacts the process model under use. A way to 

incorporate this probability information into decision 

making is with the probabilistic diagrams of effects of 

TD, which are discussed in the next subsection. 

For those interested on the definitions of the most 

commonly cited effects, and the full list of effects, 

please access the auxiliary material. 

Probabilistic Diagrams of Effects of TD 

The probabilistic diagrams of effects of TD, 

proposed in [7], highlight the most common effects 

that occur as a result of a problem, helping them to 

identify effects that they would not have identified 

otherwise. Such diagrams can support TD effect 

analysis meetings, in which the effects of TD items 

can be analyzed to support the definition of action 

plans to deal with them.  

We can specialize the diagrams of the effects of 

TD to show only the effects related to a specific 

development process model. This is useful because 

there are differences on how frequently each effect 

impacts software projects following specific process 

models. For example, instead of having a general 

effect diagram that would indicate that increased cost 

is an effect of TD that can impact the project, by using 

specialized diagrams, an agile development team, for 

example, could see that they are less likely (5%) to 

experience this effect than a traditional (9.7%) 

process. Figure 3 presents such a specialized diagram 

for an agile process model (see the other diagrams in 

the auxiliary material). The diagram is created based 

on the ranked list of effects for agile process models. 

It shows how the probabilities for each possible effect 

impact development teams and represents the effects 

using grey tones, where effects with higher probability 

are shown closer to the center and in darker tones. 

Suppose that a team is using the diagram in Figure 

3 to plan steps to mitigate the impacts of TD. One 

strategy would be to examine Figure 3, beginning 

with the Planning and Management category and with 

the effect delivery delay, and then work their way up 

to reduction in scope. For each effect, the team would 

decide (i) whether that effect applies to their project, 

and (ii) whether it is possible to work on actions that 

reduce this effect. After going through all the Planning 

and Management effects, the team could then move on 

to the Internal Quality Issues category, following the 

same process. Continuing in this way, the team could 

reflect on each category, until they have compiled a 

sufficient list of potential actions to minimize the 

impact of the presence of TD, or until they run out of 

time. In this way, a team can prioritize their time and 

improve the use of resources to focus on those effects 

most likely felt by the project, and whose elimination 

would be most likely to have a positive impact on it. 

Using a probabilistic diagram that is specialized to 

practitioners’ context, in particular the process 

model they are following, makes this process more 

efficient and effective. 

Table 2. Top 5 TD effects cited frequency by the process model. 

Ranking 
Process Model 

Agile Hybrid Traditional 

1st Delivery delay (20.1%)* Delivery delay (24.6%) Delivery delay (25.8%) 

2nd  Low external quality (17.3%) Low maintainability (18.3%) Low maintainability (21%) 

3rd  Low maintainability (16.8%) Rework (16.2%) Rework (16.1%) 

4th  Rework (16.2%) Low external quality (15.2%) Low external quality (12.9%) 

5th  Increased effort (8.9%) Increased cost (6.8%) Increased cost (9.7%) 

* The number in parentheses represents the percentage of the number of citations of each effect by process.  
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After using the diagrams, development teams will 

have a list of effects to be monitored. That list is the 

starting point to plan actions to minimize the impact 

or eliminate the debt. To this end, practitioners can 

adopt TD repayment practices. For example, code and 

design refactoring are commonly used practices to 

eliminate debt items for the category internal quality 

issues in agile process models. A comprehensive list 

of repayment practices related to each of the category 

of effects of the diagram is presented in [12]. 

Interested readers can find a detailed description on 

the use of the diagrams and their benefits in [7]. 

THREATS TO VALIDITY 

We sought to reduce conditions that limit our 

ability to generalize the results by achieving a 

diversity of surveyed participants. The number of 

participants also reduces the chances of biased results 

due to specific groups of participants.  

Also, participants may act differently than they 

usually do because they are part of a study. To prevent 

it, we clearly explain the purpose of the study and ask 

the participants to answer questions based on their 

own experience. We also explicitly stated that the 

questionnaire is anonymous and that the collected data 

is analyzed without taking into consideration the 

participants’ identities. 

The interested reader can find more details on the 

threats to validity in the auxiliary material. 

TAKEAWAYS FOR PRACTITIONERS 

InsighTD data indicate that the current practice in 

TD monitoring and repayment is still far from ideal. 

However, practitioners working in agile projects are 

more likely to invest in TD monitoring and repayment 

activities, signaling that TD management might be 

improved by investing in some agile practices, such 

as iterative development and tightly knit teams. 

There is also a common perception, cutting across 

process models, that TD can be prevented. Thus, 

investing on prevention initiatives is likely to be 

supported by practitioners in all types of projects.  

InsighTD results also show that the most common 

TD effects are felt to different degrees in agile vs. 

non-agile projects, so prioritization strategies for 

TD mitigation activities should also differ. We have 

presented a mechanism for using this information, 

probabilistic diagrams of TD effects, to make better 

decisions about anticipating and avoiding the effects 

of TD. To illustrate the benefit of using diagrams 

specialized by process models, consider the following 

scenario. Suppose that an agile project team is using a 

probabilistic diagram to plan TD repayment and other 

improvement activities. Suppose also that the 

characteristics of their customer base dictate the need 

to deliver very high external quality. If this project 

team was using a generic probabilistic diagram based 

on data from traditional projects, then according to 

Table 2, the diagram would indicate that the main 

benefits of repaying the debt would be to mitigate the 

effects delivery delay, low maintainability, and 

rework. Thus, the team would be led to believe that 

TD repayment would not contribute towards their 

primary goal, high external quality, and they would 

make decisions that de-prioritize TD repayment. The 

impact on the project would be to ignore TD that leads 

 

Figure 3. Probabilistic diagram of effects of TD for agile process model. 
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to low external quality, raising the risk of affecting 

their top priority issue negatively. Thus, practitioners 

should use techniques based on historical data 

(such as probabilistic diagrams) that are 

specialized to the attributes of the current project, 

in particular the development process. 
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