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A FRAMEWORK BASED ON SOFTWARE PROJECT CONTEXT FOR SUPPORTING THE 

FORECASTING AND MANAGEMENT OF TECHNICAL DEBTS  

 

 

The software development scenario presents several challenges to the software 

practitioners regarding the different decisions that should be taken to handle the constant 

demands for software deliveries, and the risks such decisions pose to the software's internal 

quality. These decisions set up a trade-off that can lead to the intentional or unintentional 

creation of “Technical Debt" in the software project. When TD is managed and perceived in 

software projects, it has the potential to support deliveries of value to customers in the short-

term. However, in the long-term, the evolution of software products can be hampered when 

the debts are unknown or not managed in the projects. In our investigation, we identified 

challenges associated with the TD perception and its management in the software projects. 

From the findings, we observe that software practitioners have no clear understanding of TD, 

which hinders its perception in the projects. Regarding the technologies to support the 

management of TD, the majority deals with specific TD types, mainly those related to source 

code. When using these technologies, the debts tend to be identified when the code is done 

(a posteriori). Consequently, the TD impact can be perceived later in the development process. 

Therefore, by considering the results observed from the empirical studies undertaken in this 

doctoral research, we identified the need for a technology to assist the software organizations 

to perceive and manage the different TD types that may be incurred in the software 

development process, aiming to minimize the risks that such debts may bring to the software's 

internal quality and the project ecosystem. This doctoral research is meant to provide a 

framework to support the forecasting and management of the different TD types that may be 

incurred in software projects. The framework proposed takes into consideration the 

development activities and software artifacts required in the project, the impact of the TD item 

on software’s internal quality, as well as the dependence between the TD items. We conjecture 

that the proposed framework may be a useful strategy to assist the software development 

organizations to handle the risks associated to maintain and evolve their software products 

when TD is intentionally or unintentionally incurred in their projects context. 
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1 Introduction 

This chapter introduces the context, motivations, the problem addressed, and 

the objectives of this doctoral research. Furthermore, the research 

methodology adopted, and the work organization is presented. 

1.1 Context and Motivation 

The context of the software-intensive industry is moving towards a value-driven and 

adaptive real-time business paradigm (JÄRVINEN et al., 2014). Currently, the Age of 

Information, which is solidly based on the Internet speed-of-things, has shaped a digital 

economy and the software applications are becoming more and more pervasive to society 

(CONSUMERS INTERNATIONAL, 2017) (RODRÍGUEZ et al., 2017). Consequently, fast-

changing and unpredictable markets have shifted the competitive landscape of software 

development organizations  

Thus, in the face of an increasingly dynamic and competitive market, software 

development organizations need to adapt themselves to unpredictable changes to achieve 

their business needs (BOEHM, 2008). This context drives many software organizations to 

introduce agility into their development processes to handle the frequent changes and fulfills 

the continuous delivery, which contributes to reducing the development time of software 

releases, and also to maintain and evolve software products available for deployment 

(FRANÇA, JERONIMO JUNIOR, and TRAVASSOS, 2016). In this context, as previously 

argued by Lehman (LEHMAN, 1996), the software evolution is essential for the survival of a 

software product in the market since the environment in which it is immersed continually 

changes. 

The context described above reflects the challenges faced by software practitioners 

regarding the many decisions that they should take in the software development scenario. At 

the same time, software practitioners should build high quality, low cost, on time and useful 

software products. Due to these challenges, software products often degrade in quality over 

time, since many times the decision-making requires the project team to choose between 

developing just a good enough solution (compromising the software quality to attend short-

term demands) or developing a higher-quality solution which requires longer time to design 

(SIEBRA et al., 2016). These challenges jeopardize practitioners’ decision-making regarding 

delivering, which sets up a trade-off that can lead to intentionally or unintentionally creating 

“Technical Debt" in the software project. 
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The “Technical Debt” term (TD) was first used by Ward Cunningham (CUNNINGHAM, 

1992) in the software industry as a metaphor when discussing with stakeholders the 

consequences of releasing a poorly written piece of code to accelerate the development 

process. Since then, this term has been used as a metaphor to refer to issues occurring during 

the software development. Project managers and executives across the industry have adopted 

this metaphor because it describes occurrences during the software in a language that industry 

understands (AMPATZOGLOU et al., 2015) (AVGERIOU et al., 2016).  

Initially, this term was used continuously to refer to the issues associated with the 

source code quality due to the shortcuts and workarounds took during software development 

to meet the constant demands, in which these issues may affect the quality of software 

products and their maintenance activities in the future. Nowadays, the scope of this term has 

been expanded and considered at distinct stages of the software development process. TD 

may occur in distinct software development phases, and it may be associated with different 

software artifacts (LI, AVGERIOU, and LIANG, 2015) (ALVES et al., 2016). Currently, studies 

presenting a more consolidated perspective motivation to the Software Engineering community 

towards the understanding and definition of this phenomenon, which states that TD is:  

 

“a collection of design or implementation constructs that are expedient in the 

short term but set up a technical context that can make future changes more 

costly or impossible. Technical debt presents an actual or contingent liability 

whose impact is limited to internal system qualities, primarily maintainability 

and evolvability.” (AVGERIOU et al., 2016) 

 

Therefore, TD can be associated with the technical decisions about shortcuts and 

workarounds taken in software development. Such decisions can influence positively (strategic 

and managed) or negatively (unintentional and not managed) the software project ecosystem 

and the quality of their software product. When TD is managed and perceived in software 

projects, it has the potential to support deliveries of value to customers in the short-term. On 

the other hand, in the long-term, the evolution of software products can be hampered when 

the debts are not known or managed in the projects. The potential consequences of TD are 

reworking, additional effort, and even the inability to maintain and evolve the software products 

(TOM, AURUM, and VIDGEN, 2013) (POWER, 2013) (AVGERIOU et al., 2016). Such 

consequences can be understood as the “interest” of TD (AMPATZOGLOU et al., 2015).   

An example of a scenario where the TD may emerge intentionally or unintentionally 

refer to the startups' context (CHICOTE, 2017). In the startup context, usually, it is necessary 

to design sub-par solutions to achieve a better time-to-market, aiming to overcome potential 

competitors in delivering a product to the final clients (NILSSON and LINUS, 2013). 
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Nevertheless, the initial solution commonly delivered as a minimum viable product often 

presents severe issues regarding scalability properties, for example, affecting the evolvability 

of the software products.  

During our initial investigations, we could observe that TD is a phenomenon in the 

software development context that has attracted the attention of both practitioners and 

researchers. We argue this attention is because the creation of TD can be used as a strategy 

to support the constant demands for software deliveries, and at the same time it may bring 

risks to software's internal quality hindering to maintain and evolve the product. Besides, we 

identified that many studies are discussing the challenges regarding misconception on TD 

metaphor as well as its management in software projects. 

Therefore, the motivation of this doctoral research is grounded in: (i) the attention of 

software industry and academia in this research topic in the recent years (ii) the need to handle 

some of the problems observed in our initial investigations regarding the perception and 

management of TD in software projects. 

1.2 Problem Definition 

In the software development scenario, TD is always present (TOM, AURUM, and 

VIDGEN, 2013) (AVGERIOU et al., 2016). When a project software starts, it is hard for the 

team to have a complete understanding of the whole problem, which turns inevitable the 

incurrence of unintentional TD during the different stages of software development. In addition, 

TD may be intentionally incurred to achieve some business advantages by sacrificing the 

internal quality in the short term. However, it must be handled in the future to mitigate the risks 

associated with the software maintenance. Thus, TD is not necessarily a “bad thing” if it is 

perceived and managed strategically in the project. In this context, the perception and 

management of TD should be a continuous activity in software development. Although TD has 

been widely discussed in the software engineering field over the past years, it was possible to 

observe that there are still challenges regarding how it is perceived and managed in software 

projects. 

Regarding the challenges associated with the TD perception in software projects, in 

our initial investigations we identified some empirical studies searching how software 

practitioners perceive TD in their projects, such as (LIM, TAKSANDE, and SEAMAN, 2012), 

(ZAZWORKA et al., 2013), (HOLVITIE, LEPPÄNEN, and HYRYNSALMI, 2014). The results of 

these studies report a lack of consensus and an unclear understanding of TD. In addition, 

when searching about the meaning of TD (Technical Debt in Software Projects: A Structured 

Literature Review and a Qualitative Synthesis), we identified that it had been associated with 

any issue occurring during the software development, such as unimplemented features and 
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software defects. However, as stated in TD definition, it is associated with internal quality 

(AVGERIOU et al., 2016). Moreover, other investigations allowed us to observe that the 

perception of TD can be influenced by the software project context since the TD incurrence is 

related to non-development, poor development, or postponement of the activities and artifacts 

considered as essential in the project context. We consider that the misconception regarding 

TD perception in software projects may impact the proper management of the debts. During 

the investigations performed in this research, we did not identify any technology to support the 

practitioners to perceive TD in their software projects. 

Aiming to handle the trade-offs associated with the constant demands for software 

deliveries, and the risks it poses to the software's internal quality, TD must be proactively and 

prospectively managed. Concerning Technical Debt Management (TDM) in the software 

project, it consists of the following activities: identification, measurement, prioritization, 

prevention, monitoring, repayment, and representation/documentation (SEAMAN and GUO, 

2011) (AMPATZOGLOU et al., 2015) (LI, AVGERIOU, and LIANG, 2015) (ALVES et al., 2016). 

Each TDM activity has specific objectives to assist the management of TD. 

While searching for technologies to support TDM (Chapter 3), it was possible to 

observe that there are many technologies1 supporting the activities of identification, 

measurement, and prioritization. Based on this result, we conjecture that such activities are 

essential to TDM. However, most of the identified technologies focus on code-related debts 

(such as TD code, design, and architecture), which can be identified using static analysis tools. 

When using these technologies, the debts tend to be identified when the code is done (a 

posteriori). Consequently, the TD impact can be perceived later in the development process. 

As argued by (TOM, AURUM, and VIDGEN, 2013), (ALVES et al., 2016) and (AVGERIOU et 

al., 2016), there is a need for technologies to manage the different TD types that may be 

intentionally or unintentionally incurred, such as those debts related to documentation and 

tests activities. TDM since the early stages of software development may anticipate the 

identification of the potential risks that such debts can cause to the software project and to the 

quality of their software products. 

Furthermore, although there are some technologies to deal with different TD types, 

these have some limitations. Regarding the identification activity, we did not identify any 

technology providing guidelines or instruments to support the forecasting and identification of 

the different TD types that may occur in the project. Additionally, we identified the lack of 

                                                

1
   By “technology” we are considering any method, technique, tool, procedure or paradigm used in software development or 

maintenance, following the definition of Pfleeger (1999).  
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technologies to support the prioritization activity, considering the impact of TD items on 

software internal quality (i.e., maintainability) and the possible dependence between TD items. 

However, based on our investigations, we argue that the impact on software internal quality 

and the possible dependence between the TD items should be taken into consideration to 

support the decision-making concerning the management and payment of TD. 

Thus, by considering the results observed from the studies performed, we identified the 

need of technology to assist the software organizations to perceive and manage the different 

TD types that may arise during software development, according to the context of their 

projects. Table 1.1 summarizes the problem definition of this doctoral proposal. 

Table 1.1 - Problem Definition 

THE PROBLEM OF 

i. the unclear understanding about TD that hinders its perception 
in software projects 

 
ii. the lack of technologies to deal proactively and prospectively 

with the different TD types that may be incurred, considering the 
project context. 

AFFECT 
the proper perception and management of the technical debts in 
software organizations 

THE IMPACT OF 
WHICH IS 

the risk to maintain and evolve software products during 
successive development cycles 

A USEFUL 
SOLUTION WOULD 
BE 

a framework for supporting the forecasting and management of TD, 
considering the development activities and software artifacts 
required in the project, the impact of each TD item on software’s 
internal quality as well as the dependence between the TD items. 

1.3 Research Question 

Upon the motivation and problems stated, we expect to investigate the following 

research questions during this doctoral research: 

Main Question - RQ1: How to systematically support the forecast and 

management of different TD types, considering the software project context? 

Aiming to answer this research question, the following secondary research questions 

need to be addressed: 

• RQ1.1: Does a strategy based on the mapping of development activities and 

required software artifacts in the software project contribute to proper support 

the forecast and identification of TD? 

• RQ1.2: Does a strategy to prioritize the TD, considering the impact of each TD 

item on the internal software quality and the dependence between the debt 

items, contribute to proper support the decision-making process regarding the 

TD payment or management? 

helviojr
Realce

helviojr
Realce

helviojr
Realce

helviojr
Realce
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1.4 Research Goals 

Thus, the primary goal of this doctoral research is to provide a framework for supporting 

the forecasting and management of different TD types, considering the context of the software 

project. Concerning the technical debt management activities, the scope of the proposal is 

focused on supporting the activities of identification and prioritization, and monitoring of TD in 

software projects.  

The following goals should be accomplished to achieve the objective above: 

I. To investigate what is understood as Technical Debt (TD) in software projects, 

aiming to characterize this phenomenon (definition of scope). 

II. To identify and characterize the technologies that provide support for the 

management of technical debt in software projects (definition of scope). 

III. To identify the primary elements, properties and actions that should be 

considered in the context of Technical Debt Management in software projects 

(support for structuring the technology proposed). 

IV. To create a strategy to support the forecasting and identification of TD, 

considering the software project context (proposed solution). 

V. To create a prioritization strategy to support the decision-making process 

regarding the payment and management of TD items, considering the impact of 

TD on internal software quality and the dependency between them (proposed 

solution). 

VI. To implement a computational infrastructure to support the use of the actions 

proposed in this framework as well as the monitoring of the TD items during the 

software development (support the proposed solution). 

VII. To evaluate the proposed framework by conducting empirical studies, to assess 

its feasibility, validity, and accuracy (evaluation). 

1.5 Research Methodology 

While doing research, researchers make assumptions, follow systematic procedures 

and use sets of empirical tools to increase their understanding regarding phenomena or events 

investigated (MCGRATH, 1995). Aiming to achieve the goals established in Section 0, the 

research methodology adopted in this work is based on the approaches proposed by (SHULL, 

CARVER, and TRAVASSOS, 2001) and (MAFRA, BARCELOS, and TRAVASSOS, 2006), 

considering the improvements carried out in these approaches by (SPÍNOLA, DIAS-NETO, 

and TRAVASSOS, 2008). This methodology proposes the execution of primary and secondary 

studies aiming to support the creation of new software technologies. As depicted in Figure 1.1, 
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this methodology is structured into two phases: Technology Conception and Technology 

Assessment. The main result of the first phase is an initial proposal of the technology to be 

built. The following phase comprises from the assessment of the technology's feasibility to its 

use in organizations. 

 

Figure 1.1- Research Methodology - Adapted from (MAFRA, BARCELOS, and TRAVASSOS, 2006) 

Figure 1.2 shows the steps proposed in the Technology Conception phase (SPÍNOLA, 

DIAS-NETO, and TRAVASSOS, 2008). 

 

Figure 1.2- Methodology adopted in the Technology Conception phase – Adapted from (SPÍNOLA, 

DIAS-NETO, and TRAVASSOS, 2008) 
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Some of the steps of the methodology presented in Figure 1.2 have been adopted in 

our investigations, as explained from now on: 

I. Initial literature review (ad-hoc) →  we conducted an initial review of the 

technical literature in order to: (i) identify the main concepts related to TD; (ii) 

obtain an initial perception regarding what this phenomenon represents in the 

software development context, as it is still an emerging research topic in the 

software engineering field; and (iii) obtain an initial perception of the challenges 

and research opportunities concerning TD in software projects. Besides, 

additional readings were also conducted on practitioner blogs discussing TD, 

given that TD has been identified as an exciting topic by practitioners in the 

software industry. 

II. Systematic Reviews  →  up to the current stage of the research, we performed 

two reviews adopting systematic procedures. These reviews were necessary to 

support the understanding of the investigated phenomenon and to provide a 

more detailed investigation of some of the challenges identified in the ad-hoc 

review. The primary objective of the first literature review was to characterize 

how TD has been understood in the context of a software project. This literature 

review was motivated by our initial investigations, in which it was possible to 

observe a lack of consensus regarding the understanding of TD. Besides, this 

review sought to identify, in more detail, the research challenges and problems 

associated with TD in software projects. Some challenges identified in the ad-

hoc literature review refer to the Technical Debt Management (TDM). However, 

this review did not provide enough information on such challenges. These 

results led to the other review, which aimed to characterize the technologies 

that support the TDM, as well as to identify the limitations of these technologies 

concerning TDM. 

III. Observational Study → a survey was not performed in this research, as 

suggested by (SPÍNOLA, DIAS-NETO, and TRAVASSOS, 2008) to evaluate 

the results of the reviews conducted. Instead, we conducted an observational 

study, which we are considering them as a “toy example” due to the context 

observed (See section 4.1.1). The results of this study reinforce some results of 

the first literature review describe in item ii. Such results refer to the conceptual 

misconception associated with TD. Besides, the observational study gave us a 

taste of the possible challenges associated with managing TD in software 

projects. 
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IV. Organization of a body of conceptual knowledge → the results of the 

investigations previously detailed allowed us to organize a body of conceptual 

knowledge about TD and the technologies to support its management. Thus, 

this body of knowledge contributed to the structuring of the technology proposed 

in this doctoral research, aiming to address some of the problems observed in 

the conducted investigations.  

1.6 Structure  

The next chapters present the investigations conducted aiming to build the foundation 

for this doctoral proposal as well as the proposal itself. The chapters are organized as follows: 

Chapter 2 → This chapter reports the literature review and qualitative analysis 

conducted with the objective of characterizing Technical Debt on the software projects context 

as well as to identify the main challenges associated with this research topic. 

Chapter 3 →  This chapter reports the quasi-Systematic Literature Review conducted 

to characterize the technologies reported in the literature that provide supporting the 

management of TD in software projects. This characterization refers to the applicability of such 

technologies (i.e., context information as well as their limitations). This study contributed to 

identifying the research gaps concerning the technologies to support the management of TD.  

Chapter 4 → This chapter explains the framework proposed to support the forecast 

and management of TD in software project after the initial knowledge organization and the 

investigations in the field. It also presents the usage scenario of the framework proposed as 

well as the expectations to assess them. 

Chapter 5 → Final Considerations. This chapter presents the final considerations and 

ongoing activities of this doctoral proposal. It also underlines the expected consequences of 

this thesis completion. 

Appendix A → Additional information about the literature review presented in Chapter 

2.  

Appendix B → Additional information about the literature review presented in Chapter 

3.  

Appendix C → Additional information about the observational study presented in 

Chapter 4 (Section 4.1.1) 
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2 Technical Debt in Software Projects: A Structured 

Literature Review and a Qualitative Synthesis  

This chapter presents the literature review and qualitative analysis conducted 

with the objective of characterizing Technical Debt on the software projects 

context. The results from the qualitative analysis present consolidation of the 

central concepts and properties associated with the investigated topic. Also, 

these results provided the necessary knowledge and the identification of gaps 

and opportunities, thus contributing to the maturation of this doctoral proposal. 

2.1 What is Technical Debt? 

The “Technical Debt” term (TD) was coined by Ward Cunningham (CUNNINGHAM, 

1992) in the software industry as a metaphor when discussing with stakeholders the 

consequences of releasing a poorly written piece of code to accelerate the development 

process. Since then, TD has been used as a metaphor by both practitioners and researchers. 

At the beginning of this doctoral research, using an ad-hoc literature review, we could 

observe that the number of publications on TD has been growing continuously over the years 

as well as the discussions about this topic in practitioners’ blogs. Therefore, TD is a research 

topic that has aroused the interest of the Software Engineering community. 

However, the ad-hoc literature review allowed us to observe that the TD has been used 

to refer to a myriad of issues associated with software development or software products, 

which need to be improved in the future. When we started the investigations on this topic, we 

had the initial perception of the lack of consensus on the understanding of TD by both 

academia and industry. It was possible to observe that the term TD was often used in a 

contradictory way in the cyberspace. This initial perception was reinforced through our analysis 

of the results of some studies on this matter, such as the one conducted by Lim et al. (LIM, 

TAKSANDE, and SEAMAN, 2012), ZAZWORKA et al. (ZAZWORKA et al., 2013), and Holvitie 

et al. (HOLVITIE, LEPPÄNEN, and HYRYNSALMI, 2014). Summing up, the results of the 

studies report a lack of consensus and an unclear understanding of TD. 

TD is recognized as an essential phenomenon in software development, and its 

importance and relevance are primarily established due to its connection with the cost and 

quality of software products over time (LETOUZEY, 2012).  A Gartner research report 

estimated that the total technical debt value was $500 billion in 2010 and about $1 trillion in 

2015 (GARTNER, 2012). 
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The results from the initial investigations regarding the lack of consensus and unclear 

understanding of technical debts in software projects motivated us firstly to investigate how TD 

has been understood over time. As argued by Easterbrook et al. (EASTERBROOK, SINGER, 

and STOREY, 2008), in the early stages of research, we usually need to ask exploratory 

questions, as we attempt to understand the investigated phenomena and to identify useful 

properties that clarify our understanding. In order to do so, we conducted a structured literature 

review and a qualitative analysis of the data source retrieved.    

Although TD concept was recently defined at the Dagstuhl Seminar (AVGERIOU et al., 

2016), at the beginning of this study, we identified that TD understanding still did not seem to 

be clear from the perspective of the technical literature. From this scenario, we considered that 

a synthesis of the results from secondary studies on TD might provide a consolidated 

understanding of this phenomenon regarding its concepts, properties, causes, impacts, and 

also concerns about its management. We consider that the results of this study provide 

implications for researchers and practitioners. 

In this Chapter, we are going to present the conducted study aiming to investigate how 

TD has been understood over time. This chapter is structured as follows: Section 2.2 describes 

the adopted procedures to conduct the study; Sections 2.3 and 2.4 present the main results 

contributing to this research; Section 2.5 discusses the implications from results; Section 2.6 

describes the threats to validity, and Section 2.7 summarizes the conclusions of this Chapter. 

2.2 Review Process 

The literature review is considered systematic when it takes into consideration a 

defined methodology to conduct the search, analysis and data extraction from the primary 

studies found in the review. Two main advantages to conducting an SLR instead an ad-hoc 

literature review is the reduced bias from the researchers and the more straightforward 

replicable process, simplifying the validation process from other researchers and facilitation 

future reviews on the protocol (KITCHENHAM, 2007). 

Systematic procedures must be considered when performing a Systematic Literature 

Review (SLR). The process to conduct an SLR consists of four phases (BIOLCHINI et al., 

2007), as shown in Figure 2.1 
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Figure 2.1 – SLR process (adapted from Biolchini et al. (2007)) 

We considered the literature review presented in this Chapter as a Structure Literature 

Review since not all procedures to perform SLR were adopted in full. However, we adopted 

the SRL process presented in Figure 2.1. Besides, some procedures recommended by 

KITCHENHAM (2007) and Wohlin (2014) were adopted. Figure 2.2 shows the extension of the 

process which was carried out in this study. 

The Planning is the first phase of the SLR process. The central actions from this phase 

consist of defining a research protocol to set the procedures that will be adopted throughout 

the review, such as the establishment of research scope and questions, procedures for source 

selection and procedures for selection studies. The protocol must be evaluated by an 

independent researcher aiming to ensure its quality.  

The Execution phase involves the proper review, which includes the iterative evolution 

of the search string to improve its precision as well as to increase its coverage. The review 

execution should be performed according to the procedures defined in the planning phase for 

selecting the desired studies. A list of selected papers is the primary output of this phase. 

Before the execution of the review, the researchers must define the search strategies, including 

preliminary searches and evaluation of the results.  

In the Result analysis phase, after the papers selection and the exclusion of those 

which do not meet the predetermined inclusion criteria, the selected papers are entirely read 

by the researchers. Besides, a quality assessment is conducted with the purpose of evaluating 

how well each paper answers the research questions formulated for the study. Then, the 

paper's data should be extracted by the researchers, the results should be synthesized, and 

the research questions should be answered.   

Finally, the Packaging phase intends to report every step of the review process, 

including the decisions taken and the information collected by the researchers. 

The next subsections present an overview of the procedures followed in each phase of 

the review and the primary results of this study. 



 

17 

 

 

Figure 2.2 - The extension of the process as it was carried out in this review 

2.2.1 Planning  

This section presents the planning of the structured literature review. All the phases of 

this study followed the procedures described in Section 2.2, considering the steps shown in 

Figure 2.2. The information provided in this section enables the replication of this study. 

Given the investigation scenario stated in Section 2.1, the research scope of this 

Structured Literature Review is associated with the characterization of the Technical Debt 

(TD). Thus, the primary goal of this study is to characterize Technical Debt (TD) based on the 

evidence obtained in the technical literature. Table 2.1 presents the goal of the study, 

according to the goal-question-metric (GQM) paradigm (BASILI, CALDIERA, and ROMBACH, 

2001). 
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Table 2.1 Structured Literature Review’s goal from the GQM paradigm 

Goal 

Analyze the provided evidence by Secondary Studies on Technical Debt 

With the purpose of characterizing Technical Debt  

Regarding its understanding (concepts and perceptions), types, motivations 
issues, influences, management strategies, and the existing 
challenges 

From the point of view 
of 

software engineering researchers 

In the context of software development process 

To achieve this goal, we established the central Research Question (RQ) and its sub-

questions, as follows:  

• RQ1: What is the current understanding in the technical literature regarding TD 

in the context of the software development process? 

• RQ1.1: How has the TD term been understood over time?  

• RQ1.2: What are the TD types that can be incurred in software projects? 

• RQ1.3: What are the factors contributing to TD incurrence? 

• RQ1.4: What are the influences of TD?   

• RQ1.5: Which actions and technologies have been mentioned or 

proposed in order to support the management of TD?  

• RQ1.6: What are the main challenges in TD research? 

Concerning the procedures for sources selection, four Secondary Studies on TD 

were used as a control list. These secondary studies were previously obtained through an ad-

hoc literature review. These are presented in Appendix A. 

The search string was structured using the principle of PICO strategy  (PAI et al., 2004). 

Since the review’s purpose was to characterize TD, we did not use “comparison.” The search 

string was built considering some keywords derived from the control list. Moreover, other terms 

were identified from the knowledge of the researchers who conducted this review. The search 

string was structured as follows: 

• Population: technical debt 

• Intervention: a software project, software development, and software 

engineering  

• Outcome: secondary studies 

The first trial of the search was executed by June 1st, and the last trial was executed by 

February 14th, 2017. Table 2.2 shows the search string for the last trial. 
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Table 2.2 - Search string to the Structured Literature Review 

Last Trial 

(February 14th, 2017) 
TITLE-ABS-KEY ((“technical debt” OR “design debt”) AND  (“software project*” OR 

“project of software” OR “software engineering” OR “software development” OR 

“development of software”)  AND  (“secondar*  stud*” OR “systematic literature 

review” OR “systematic mapping” OR “mapping stud*” OR “multivocal literature 

review” OR “structured literature review” OR “structured review” OR “literature 

review”)) 

Returned Papers: 11 

Control papers included in this trial: 4 

Regarding the procedures for studies selection, we defined that the studies refer to 

papers written in the English language and available on the web, enabling their retrieval. The 

database and search engine defined was Scopus Database. It was chosen because it covers 

most publications on the Software Engineering (SE) field. Moreover, we decided to conduct 

the snowballing process (WOHLIN, 2014), both forward and backward. According to WOHLIN 

(2014), snowballing is, by deduction, a better approach than a database search for extending 

systematic literature studies.   

Table 2.3 - The used criteria in the Structured Literature Review 

Inclusion Criteria (IC) Exclusion Criteria (EC) 

 
(IC1) Studies from the SE field AND 
 
(IC2) Secondary studies on technical debt 
AND 
 
(IC3) Secondary studies describing both 
research methods and results  AND 
 
(IC4) Only English papers will be 
considered.   

(EC1) Is not a secondary study about technical 
debt OR 
(EC2) Studies presenting summaries of 
conferences/editorials (i.e., descriptions of 
proceedings) OR 
(EC3) Dissertations, theses or technical reports 
OR 
(EC4) Duplicated studies OR 
(EC5) Books and gray literature OR 
(EC6) Studies evolutions, only the most completed 
study will be considered. 

For supporting the studies selection, a set of inclusion and exclusion criteria was 

established. Such criteria were set to retrieve as many relevant papers as possible, considering 

the research questions. These criteria are presented in Table 2.3. 

When performing systematic reviews, some procedures are required in step regarding 

the studies selection. These are described from now on in Note 1. 
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Note 1: 
1. Duplicate papers must be excluded; 
2. Both researchers involved in this review must read the title, abstract and keywords of all 

papers found in the search engine (considering the results of the last trial); 
3. Each paper must be evaluated by each researcher based on the inclusion and exclusion 

criteria, classifying them  into: 
- (I) included when the researcher considers that this study should be selected for full 
reading; 
- (E) excluded if the researcher considers the paper to fit into one or more of the 
exclusion criteria. In that case, the researcher should indicate the criterion chosen for 
the exclusion; 
- (D) doubt, if he considers that the information on the title, abstract and keywords was 
not enough to assess the inclusion or exclusion; 

4. The individual evaluations must be compared aiming to conclude on the inclusion or 
exclusion of each paper. For this end, the following considerations must be taken: 

- If both researchers include or exclude the paper, then there was no further 
discussion. Included papers were selected for full reading; 
- If one or both the researchers had doubts on the paper, or if there was no immediate 
consensus on the inclusion or exclusion of the paper, then that specific paper was 
discussed between the researchers, and a final decision was made; 
- After the full reading, if the researchers found that any paper should be excluded, the 
exclusion would then be registered, along with the rationale; 

5. 5.    For the included papers on the previous step, the snowballing process (forward and 
backward) may be conducted. In the backward process, researchers must check the 
references presented in the selected papers and select those in whose titles seem 
appropriate for the goal of this study. The forward process may be conducted using specific 
or open databases, in which the researchers must check if each selected paper was cited 
by another. The title of each paper that cites one of the selected studies must be assessed 
according to the study's goal, being selected if appropriate; 

6. Finally, the selected studies must be submitted for data extraction. Regarding the 
information extraction strategy, the researchers extract the data from the papers, then 
review the extraction from the other researcher for the included papers. 

It is worth mentioning that in this study, each procedure described in Note 1 was 

performed by one researcher and reviewed by another researcher. Besides, the snowballing 

process was conducted using the Scopus database and Google Academic. A form was 

designed to support the data extraction, according to the previously RQs. Table 2.4 presents 

the structuring of the data extraction form.  

Regarding the quality assessment, we used the criteria of the DARE method (CENTRE 

FOR REVIEWS AND DISSEMINATION, 2007). The DARE criteria are recommended to 

appraise the quality of systematic reviews in the SE field (KITCHENHAM et al., 2009) 

(KITCHENHAM et al., 2010) (CRUZES and DYBÅ, 2011). Table 2.5 presents the used quality 

assessment criteria. Considering the DARE criteria as used by Kitchenham et al. 

(KITCHENHAM et al., 2010), the total score in a study can be between zero and five points. 
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Table 2.4 - The structure of the data extraction form 

Extraction Field [Field Description] Purpose/RQs 

Reference information [Title, authors, year, source and abstract] Demographic 
data 

Information on study’s Protocol [study’s classification, research questions, 

search procedures, used databases, search string, period, inclusion and exclusion 
criteria, assessment criteria, and number of selected studies] 

Demographic 
data 

TD Definitions [Definitions and concepts regarding the TD term] RQ1.1 

Limitations of TD concept [Regarding what is not TD] RQ1.1 

Classifications or Taxonomies for TD [The mentioned or described TD types] RQ1.2 
Contributory factors [The factors - i.e., aspects and situations that may lead to 

the incurrence of TD] 
RQ1.3 

TD management [The proposed or mentioned actions, strategies and technologies 

to support the management of TD] 
RQ1.5 

Other Relevant Information [Regarding the possible TD influences in the 

software projects context as well as the benefits and drawbacks of the mentioned 
actions and technologies to support the management of TD] 

RQ1.4 and RQ1.5  

Challenges in TD research [Regarding the stated challenges in TD research] RQ1.6 

Table 2.5- The quality assessment criteria according to DARE 

Criteria Score 

C1- Inclusion/Exclusion 
criteria  

- Y (yes): the inclusion/exclusion criteria are explicitly defined in the paper (1 pt.)  
- P (partly): the inclusion/exclusion criteria are implicit (0.5 pt.) 
- N (no): the inclusion/exclusion criteria are not defined and cannot be readily 
inferred. (0 pt.) 

C2- Adequacy of search  

-Y:  the authors have either searched 4 or more digital libraries and included 
additional search strategies or identified and referenced all journals addressing 
the topic of interest (1 pt.) 
-P: the authors have searched 3 or 4 digital libraries with no extra search 
strategies, or searched a defined but restricted set of journals and conference 
proceedings (0.5 pt.)  
-N: the authors have searched up to 2 digital libraries or an extremely restricted 
set of journals (0 pt.) 

C3- Synthesis method 
 

-Y:  an explicit synthesis method is named, and a reference to the method is 
supplied (1 pt.) 
-P: a research method is named, but no reference to the method is supplied (0.5 
pt.) 
-N: no synthesis method is named/used (0 pt.) 

C4- Quality criteria  

-Y:  the quality criteria are explicitly defined (1 pt.)   
-P: the research questions involve quality issues that are addressed by the study 
(0.5 pt.)  
-N: no explicit quality criteria or they cannot be readily inferred in the research 
questions (0 pt.) 

C5- Information 
provided about primary 

studies  

-Y:  Information is presented about each paper – (i.e., the secondary study 
presents for each included source, the following information: source venues AND 
the main addressed results/contributions/topics AND the quality assessment) (1 
pt.) 
-P: only summary information is presented about included sources (i.e., the 
secondary study presents generalized information from sources concerning: the 
addressed topics or results OR the quality assessment OR classification of 
sources – i.e., types of studies (0.5 pt.)  
-N: no information (specific or generalized) about the included sources is 
discussed/specified. (0 pt.) 

Final Score  

As analysis procedures, due to the data nature and purpose of the study, we adopted 

a qualitative synthesis approach to supporting the analysis of the data using procedures from 

the Grounded Theory (GT) (STRAUSS and CORBIN, 1990).  GT is a methodology for 
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qualitative research and the central principle behind GT is that the hypotheses and theories 

emerge bottom-up, from the data, rather than top-down, from existing theory (CARVER , 2007). 

Using this approach, a researcher may begin with an existing data set, then hypothesis or 

theories can be inferred. GT has been used in empirical software engineering since it can be 

very helpful in building a body of knowledge about topics of interest (CARVER , 2007) (STOL, 

PAUL, and FITZGERALD, 2016). According to (STRAUSS and CORBIN, 1990), GT can be 

useful for both the exploratory and confirmatory research. Nevertheless, it is important to 

emphasize that the GT procedures were not adopted in full since we have no ambition to 

generate theories in this study. We used some GT procedures to support the analysis of 

relevant data and identification of concepts to answer the established RQs.  

2.2.2 Execution 

The execution was carried out according to activities presented in Figure 2.2 and with 

the defined procedures in Section 0.  The last trial returned 11 studies, but two ones were 

excluded. The SS3 (see A.1) was identified during the snowballing process (backward and 

forward). Although this paper was written in Spanish, we included it since it presented 

information relevant to this study. 

In total, ten secondary studies on TD were selected and analyzed in this structured 

literature review. These are described in Appendix A (see A.1). 

2.2.3  Result Analysis 

We collected the relevant information of each selected study using a form structure as 

shown in Table 2.4.  

As mentioned in Section 2.2.1, some procedures from GT were used to support data 

analysis extracted from the selected studies. This procedure is based on the coding process 

of analyzing (textual) data and assigning concepts to chunks of data. It is important to highlight 

that such concepts represent the basic unit of analysis and are identified by breaking down the 

data and assigning labels to it (STRAUSS and CORBIN, 1990). Besides, these labels should 

continuously be revisited to ensure that the conceptualization is highly consistent. The coding 

process consists of three stages: open coding, axial coding, and selective coding. In this study, 

we followed the orientations presented by Strauss and Corbin (STRAUSS and CORBIN, 

1990), which assume a non-sequential order, mainly between the open and axial stages, with 

interleaved data collection and analysis between these stages. 

Open coding refers to the analytical process in which researchers should identify 

concepts, their properties, and their dimensions in the data. Thus, the data are fragmented 

and conceptually labeled in codes. Regarding codes, they may represent actions, events, 
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properties, and interactions that may be relevant for the researchers. During the open coding 

process, the concepts should continuously be compared with each other to find similarities, 

and then they should be grouped aiming to form categories. Therefore, in axial coding, 

categories are associated to their subcategories. Finally, all categories are unified around the 

central core category and relationships are established among these categories (selective 

coding). 

Aiming to support the coding process, we adopted the QDA Miner Tool2, to which all 

extracted data was imported.  

2.3 Results 

2.3.1 Demographic Data and Quality Assessment 

These selected studies are Secondary Studies (SS) on Technical Debt (TD), which 

were published between 2012 and 2017. Regarding the studies' classification, 5 of them are 

Systematic Mapping Studies, 4 are Systematic Literature Reviews, and 1 is a Multivocal 

Literature Review. Each study presents specific purposes, but there is an overlap between the 

topics investigated. We identified that 7 of them address the theoretical aspects and aspects 

associated with the management of TD, while four focus only on the aspects associated with 

the management of TD.  

Concerning quality assessment, the mean score is 3.6 out of a maximum of 5.00. When 

distributing the selected studies over scores, we observed that 5 (i.e., half of them) were 

evaluated in the range (2.0, 3.0], two were in the range (3.0, 4.0], and two were in the highest 

range (4.0, 5.0]. The quality assessment was carried out by one researcher and reviewed by 

another one. It is worth highlighting; the DARE criteria allowed observing the quality of the 

secondary studies on TD. However, we decided to not use them as criteria for inclusion or 

exclusion of studies. We consider appropriate to analyze the information provided by all 

selected secondary studies aiming to answer the study's research questions better. 

Furthermore, we consider that the obtained mean score was satisfactory.  

Additional information regarding the demographic data and quality assessment of the 

selected secondary studies are presented in Appendix A.  

 

                                                

2
 https://provalisresearch.com 
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2.3.2 Answering the Research Questions (RQs) 

This section presents the results analysis conducted using procedures from Grounded 

Theory (coding process). It is important to emphasize that this section does not intend to 

provide extensive discussion about all the rationale involved in the coding process to define 

each category and their codes, but rather to present an overview of the main findings by 

answering each of the research questions in the study. 

The assigned identifier (ID) to each secondary study can be seen in Appendix A.  

 

2.3.2.1 RQ1.1: How has the TD term been understood over time?  

Regarding the understanding of TD, from the reported perspective in the secondary 

studies analyzed, we identified, in the data sources, different “definitions,” characteristics and 

properties that provide information regarding how the TD metaphor has been understood. We 

organized this information into three categories, as depicted in Figure 2.3.   

Figure 2.3 presents the categories and their codes. For each code, the number of cases 

(i.e., data sources – secondary studies) and the number of occurrences (excerpts from the 

secondary studies) related to code is presented. It is worth highlighting that, according to the 

GT methodology (STRAUSS and CORBIN, 1990), the number of cases refers to the density 

of the data, while the number of occurrences refers to the groundedness of the data. Even the 

codes with low density and low groundedness were considered, aiming to have more 

observation to support the analysis that was carried out. With this information, we can observe 

that some codes are more frequent than others, leading to stronger concepts due to more data 

supporting them. Therefore, the subcategories, together with their respective codes, are part 

of the whole concept of the category under consideration. Below we present a 

contextualization of each subcategory, discussing how each of them contributes to the 

understanding of TD. 

Besides, it is important to mention that we did not intend to define, in this study, what 

is Technical Debt, since the definition of TD considered in this research refers to that presented 

in Avgeriou et al. (AVGERIOU et al., 2016). Instead, we intend to understand how this 

phenomenon is being discussed, as well as to identify the real implications. 
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Figure 2.3 - TD understanding category 

TD Perception: it summarizes the perceptions regarding how academics or 

practitioners have understood TD. 

Most of the secondary studies analyzed pointed out that the TD term has been 

commonly associated with issues in the source code (SS1, SS2, SS3, SS5, SS6, SS8, and 

SS10). Also, it was possible to observe that TD has continuously been used to refer to the 

recognition of the impacts caused by the technical decisions taken (SS2, SS3, SS4, SS5, SS6, 

SS7 and SS10), in which such decisions refer to the existing trade-offs in all phases of software 

development (SS1, SS2, SS3, SS4, and SS10).  

In general, the trade-offs are associated with the demands of quick software product 

deliveries and aspects associated with low quality. For instance, the development team may 

decide not to develop the required design models but instead to invest more efforts in the 

implementation activities aiming to meet the delivery schedule. In the same perspective, the 

TD term has been used to refer to the shortcuts taken in software development (SS3, SS5 and 

SS7), which can lead to the development of immature software artifacts (SS1, SS2, SS4, SS7 

and SS10) or the postponement of technical issues needing further be handled in the future 

(SS1, SS2, SS3, SS8 and SS10). Besides, we observed that the TD term had been considered 

as being the consequences of the reckless decisions taken by team members when neglecting 

to conduct planned activities (SS1, SS2, SS3, SS9, and SS10). 

On the other hand, as mentioned by SS5 and SS10, TD also has been discussed as 

an expedient phenomenon in short-term, in which suboptimal solutions are taken by enabling 
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the software organizations to handle the frequent demands by continuous deliveries and the 

existing trade-offs to achieve their business goals as well (SS1, SS2, and SS3). Regarding the 

suboptimal solution, it refers to aspects related to software artifacts or technical issues that are 

known as inappropriate but cannot be fixed at the moment of design or development and need 

to be handled later. In this context, TD can be seen as an asset, since efforts may be saved 

by producing immature artifacts or by postponing some tasks that do not influence the software 

products operation in the short term. Therefore, the described perspective highlights the 

positive influences that TD can bring to software projects. 

However, it is worth emphasizing that, among the analyzed secondary studies, few of 

them discuss TD as a positive phenomenon in the software projects context. We consider this 

because many of the primary studies considered in those secondary studies have perceived 

TD as a greater emphasis from a negative perspective, considering TD as a “bad” 

phenomenon for software projects and their software products. According to Ampatzoglou et 

al. (AMPATZOGLOU et al., 2015), a discussion about TD considering the positive influences 

and the financial aspects is still incipient. 

Besides, it is worth emphasizing that although TD has been associated impact on 

quality issues, we observed that only SS2, SS5, and SS8 mentioned more explicitly that TD is 

associated with internal software quality characteristics. 

TD Peculiarities: it summarizes some of the TD peculiarities mentioned in the context 

of the software development process. We considered that such peculiarities refer to 

characteristics of TD. 

Although the TD term was initially used as a metaphor to refer to software 

implementation (i.e., at the code level) (CUNNINGHAM, 1992), nowadays it is possible to 

observe that the applicability of this concept has been used to refer to other issues that may 

occur in the different phases of software development. The software development cycle is 

structured into different phases, in which several decisions must be taken by practitioners and 

different software artifacts are developed. Therefore, TD can be created intentionally or 

unintentionally throughout the whole lifecycle of software development, since TD is associated 

with decision-making and can be observed in different software artifacts (debt item) (SS2, SS4, 

SS5, SS6, SS7, SS8, and SS10).   

Also, we identified, in the data sources, any other information regarding TD peculiarities 

about technical debt, in which one of them refers to the fact that technical debt should be 

considered as a useful phenomenon in the software development process (SS1, SS2, SS8, 

and SS10). The incurrence of TD in software projects is claimed to be a good strategy to 

support the achievement of the business goals of software organizations, to improve team 

communication and engagement, and mainly to make clear the concerns associated with 
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software internal quality. However, TD represents potential sources of risks when they are 

unknown or not adequately managed in the project (SS1, SS4, SS6, SS8, and SS9). The 

potential risks are associated with the probability of event occurrence. For instance, the 

development team decided not to develop the software documentation; thus, some TD were 

created, and they bring some risks to the maintainability of the software product. However, if 

the software does not undergo maintenance activities, such risk ceases to exist. As it can be 

observed in the example previously described, another TD characteristic refers to the fact that 

its payment is not mandatory (SS2, SS8, and SS9). The TD payment of technical debt is 

influenced by changes in the scenarios of the project. 

Non-TD: it summarizes some issues that have been mentioned as TD, but some 

secondary studies emphasize that such issues are not TD. 

At the beginning of this doctoral research, when analyzing the technical literature and 

some practitioners' blogs, it was possible to observe that the TD term has been used to refer 

to a myriad of problems of the software development process, and this observation was a 

factor that motivated us to conduct this study. Among the secondary studies analyzed, few of 

them discuss what should not be considered a TD. When analyzing the secondary studies 

providing this information, we identified that external software quality (SS1 and SS8), defects 

(SS5), lacking supporting processes (SS5), unimplemented features (SS%), and unfinished 

tasks (SS5) are mentioned as non-TD. However, such studies do not present an in-depth 

discussion about it. To support that discussion, we confront the TD concept with those stated 

issues mentioned as non-debt, as presented below. 

Concerning external quality and defects, it is important to emphasize that they refer to 

different phenomena when compared to TD. In order to better support this discussion, Figure 

2.4 illustrates the quality in the lifecycle for the software development context (ISO/IEC, 2011). 

Figure 2.4 highlights the part related to TD (part A) and the part related to defects and other 

issues associated with external quality (part B). As pointed out in the TD definition by 

(AVGERIOU et al., 2016), TD is closely related to internal software quality, primarily 

maintainability and evolvability - i.e., internal properties. Therefore, the existence of TD does 

not directly influence the external quality and does not restrict the execution of software 

products under normal conditions of operation. 

On the contrary, low external quality and defects refer to external properties, and they 

may be verified and/or validated by executing the software product during testing and 

operation. Then, they may be perceived by end users and restrict the required operation of 

software products.  As argued by Krutchten et al. (KRUCHTEN et al., 2013), low external 

quality may be visible to the end users in the form of defects. Thus they should not be 

considered a TD.  The authors claimed that most defects have an immediate, current impact 
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on the value of the software product, whereas TD will be only felt in the future regarding the 

required costs and efforts to maintain or evolve software product. 

It is important to emphasize that, when unknown or not properly handled, TD may 

impact in the external software quality, for instance, leading to defect insertion. From this 

context, defects may be considered as interests of TD.  

 

Figure 2.4 - The relationships among target entities of the quality model from ISO/IEC 2510 and  the 

parts related to TD, defects and external quality (Adapted from (ISO/IEC, 2011)) 

Moreover, it is important to highlight that TD influences the quality in use. This influence 

refers to the quality in use experienced by the maintainers of the software products. 

Lack of supporting processes was also pointed out as an issue that should not be 

considered as TD (SS5). In our analysis, we identified that the lack of processes might be a 

contributory factor in the creation of TD (see Section 2.3.2.3). SS5 also argues that 

unimplemented features should be not considered as TD. When analyzing that, we have 

identified that, if the unimplemented features refer to requirements that can be verified and/or 

validated by executing the software product during testing, in fact, they are not TD. In this case, 

unimplemented features refer to omission/missing of the requirements. Finally, SS5 also 

exposes that unfinished or postponed tasks should not be considered a TD. However, we 

considered that this statement should be discussed more thoroughly. If the unfinished or 

delayed tasks refer to actions foreseen in the project and if they may impact the maintenance 

activities, therefore they represent TD. For instance, if a requirement task corresponds to the 

specifications of requirements, then the non-completion or postponement of such task will 

represent the existence of TD. 

In summary, it was possible to observe that TD has been discussed under diverse 

perceptions, and when analyzing them, we identified that the analyzed data sources provide 

evidence of the lack of consensus on TD. There is an emphasis on associating TD with being 
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a “bad” phenomenon that occurs in software development, and an emphasis on associating 

TD with aspects related to software implementation (i.e., code level). Regarding the items that 

should not be considered, it was possible to identify that few studies address this matter. 

2.3.2.2 RQ1.2: What are the TD types that can be incurred in software projects? 

It was possible to observe that are some ways by which TD can be classified. We 

identified that TD could be classified regarding the context of its incurrence (TD occurrence) 

and from the perspective of the software lifecycle or artifacts in which TD occurs (TD types). 

Concerning the context of TD incurrence, the secondary studies report that TD may be: 

intentional (SS1, SS2, SS3, SS4, SS5, and SS10), unintentional (SS1, SS2, SS3, SS5, SS10), 

prudent (SS1 and S10), reckless (SS1 and SS10), strategic (SS2 and SS10), and tactical 

(SS2). We identified that these TD types refer to two standard and straightforward 

classifications, according to McConnell (MCCONNELL, 2007) and Fowler (FOWLER, 2009). 

The first author defined two categories of TD: unintentional and intentional debt (McConnell 

2007). In turn, Fowler extended this classification and created the TD quadrants (Fowler 2009), 

which are formed by two dimensions: deliberate/inadvertent and reckless/prudent. Based on 

this information, we organized the TD types regarding the context of their incurrence as 

depicted in Figure 2.5 and discussed below. 

 

 

Figure 2.5 - The structure of TD types regarding its occurrence 

The occurrence of TD may be intentional and unintentional. The first is considered as 

the one according to which the team members intentionally decide to delay or not to undertake 

given tasks or software artifacts with the required quality levels in design-time. The latter refers 

to those whose existence is unknown by team members. 

Regarding the prudent debts, they refer to the deliberative decisions whose incurrence 

is known by the team, but only after analyzing the impacts of handling such debts, which may 

be considered as strategic (long-time) or tactical (short-time). It is claimed that the difference 
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between strategic and tactical TD lies on the required time to pay the debts. A reckless TD 

occurs when the team, although aware of its presence, does not attempt to learn about and 

eliminate it. Also, we identified that incremental debts could arise due to the accumulation of 

decisions over time or also due to the not known debts.  

Considering the perspective of the software lifecycle or artifacts in which TD occurs, 

we organized the mentioned TD types as described in  Table 2.6.  Table 2.6 summarizes the 

TD types, their descriptions, the stated situations in which each TD type can occur and/or the 

TD items according to which each TD type can be identified, and the secondary studies in 

which the TD types are mentioned. Regarding the TD item, it refers to software artifacts in 

which the debts can be identified. Although these TD types have been mentioned in some of 

the secondary studies analyzed, only two of them (SS5 and SS8) describe these TD types. As 

can be seen in Table 2.6, usability, defect, people, infrastructure, and process are mentioned 

as being TD types. 

Nevertheless, as discussed in Section 2.3.2.1, usability and defect are related to the 

external quality of software products. Therefore, they should not be considered as TD types. 

Regarding people, infrastructure, and process, we identified that they refer to contributory 

factors to TD incurrence, as explained in the next section. 
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Table 2.6 - TD Types 

Type Definitions Descriptions of situations 
Secondary Studies 

mentioning the TD types 

Architecture 
Debt 

It refers to the issues encountered in the architecture of 
software products. These are considered to be sub-
optimal architecture solutions, impacting the internal 
quality. 

- violations of the good and adopted architectural practices 
(architectural policies and patterns) 
- Complex architectural behavioral dependencies 
- Lack of addressing the non-functions requirements 

SS1, SS2, SS3, SS5, SS6, 
SS8 and SS10 

Code Debt It refers to the issues in the source code that may 
hamper the modularity, reusability, analyzability, and 
modifiability of the software products 

- Complex or duplicate code source 
- Code source that does not meet the coding standards  

SS1, SS2, SS3, SS5, SS8, 
and SS10 

Build Debt Refers to issues in the build process that make this 
process harder 

- files of build containing code source that does not add value to this 
task and software products and manual build 
- “bad” dependencies  

SS5 and SS8 

Documentation 
Debt 

Refers to the issues found in the documentation - Lack, insufficient, outdated or inadequate documentation artifacts 
related to requirement specifications, design models, test plans, test 
cases, and code comments 

SS1, SS2, SS3, SS5, SS7, 
SS8 and SS10 

Design Debt Refers to technical shortcuts taken in the detailed 
design, and may be found by analyzing the source code 
or design models  

-Software design deviating significantly from the specified design 
-Excessive or complex design (methods, class) 
-Violations of the principles of good object-oriented design 
- Code smells/grime 

SS1, SS2, SS3, SS5, SS8, 
SS9 and SS10 

Requirement 
Debt 

Refers to the distance between the optimal 
requirements that need to be implemented and the 
actual software products implementation, under 
domain assumptions and constraints.  

- Implemented requirements but not for all cases 
- Requirements partially implemented but which do not fully satisfy 
their required properties 
- An implemented requirement which, in a way, does not fully satisfy 
all the non-functional requirements 

SS1, SS2, SS3, SS5, SS8, 
and SS10 

Service Refers to the inadequate using of the software services  - Inadequate selection and use of software services (service-oriented 
services) 

SS8 and SS10 

Test/Automation 
Test Debt 

Refers to issues related to testing activities  - Lack, insufficient or inadequate tests; low tests coverage; and 
deferring testing. 

SS1, SS2, SS5, SS7, SS8, 
and SS10 

Versioning Refers to issues related to source code versioning  - Unnecessary code forks SS5 and SS8 

(*) Usability 
Debt 

Refers to inappropriate decisions related to software 
usability that will need to be adjusted later 

- Lack, insufficient, outdated or inadequate usability standard SS8 

(*) Defect Refers to the known and deferred defects - Postergated decisions on fix defects (known and deferred defects) SS1, SS5, and SS8 

(*) People Refers to issues related to people leading to the 
incurrence of TD 

- lack of knowledge and negligent attitudes SS8 

(*) Infrastructure 
Debt 

Refers to issues related to the infrastructure of 
development or operation that may contribute to the 

incurrence of TD 

- Lack, insufficient, outdated or inadequate tools or components to 
support the activities of development, deployment, and operation. 

SS1, SS2, SS3, SS5, and 
SS8 

(*) Process 
Debt 

Refers to issues relayed to the adopted software 
process that may contribute to the incurrence of TD 

- Lack of process definition 
- Insufficient, outdated or inadequate process not providing proper 

support to the development activities. 

SS8 
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2.3.2.3 RQ1.3: What are the factors contributing to TD incurrence? 

It was possible to identify some factors claimed to contribute to TD incurrence. It was 

possible to observe that the factors contributing to TD are related to the projects constraints, 

the decision-making process, and the team members’ actions. 

Time is a crucial constraint on projects from different domains, and it does not differ in 

software projects due to the emphasis on decreasing time-to-market and meeting the 

demands. Thus, time or weak schedule are pointed out as the main factors contributing to the 

TD incurrence (SS1, SS2, SS3, SS5, SS9, and SS10). The inadequate resources (SS1, SS2, 

and SS9) and lack of budgeting (SS1 and SS2) are also other two factors that make performing 

software development activities challenging, and consequently, such factors are prone to lead 

to TD incurrence. The lack of resources becomes even more challenging when projects are 

behind schedule, and the deadline is closed.  

As argued in (HADI, 2016), in some projects, especially if there are insufficient human 

resources, the same developers tend to be responsible for performing all the software 

development activities - from requirements engineering to the software operation phase. Thus, 

it might be impossible for such developers to perform every single step or activity as per the 

recommended standards. Therefore, the lacking or limited budget and resources may lead to 

suboptimal solutions and the neglecting of established standards in design-time, contributing 

to TD incurrence. Besides that, the using of an imposed process or methodology of 

development can be a project constraint, which may be a contributory factor to the creation or 

increase of TD. For example, the use of processes and methodologies focusing on rapid 

releases and presenting little concerns with the quality of software products that will require 

improvements and evolution in the future. 

Concerning the decision-making process, the analyzed data sources pointed out that 

the technical decisions in the software development are influenced by some factors, which 

contribute to TD incurrence. We identified that such factors in this matter are related to the 

business opportunities (SS3, SS4, SS5, SS9, and SS10), the accumulation of decision over 

time (SS3, SS6, and SS9), the inadequate prioritization of tasks (SS1, SS2, and SS8), the 

differences in the expectations from business and technical stakeholders (SS1, SS2, and 

SS10), and the pragmatism in the conduction of tasks (SS10).  

Besides that, it is claimed that some contributory factors to the incurrence of TD are 

related to team members. In this context, negligent attitudes of team members are considered 

as a factor contributing to TD incurrence, since such attitudes may lead to the creation and 

accumulation of unintentional TD. These attitudes refer to negligent decisions that may be 

made individually by team members such as not performing/developing the required tasks or 

software artifacts or not conducting the required improvements in the software artifacts. 
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Moreover, the lack of knowledge or oversight of each team member regarding used (or to be 

used) technologies may also lead to inappropriate decisions, which contribute to the creation 

and accumulation of unintentional TD. 

As can be observed from the data analyzed, the TD occurrence is associated with the 

nature of the software development process. In this context, there are many trade-offs and 

many decisions that must be taken by stakeholders. Currently, in the highly competitive 

business environment, development teams are under constant pressure to produce high-

quality software products in a shorter time and with a minimum amount of costs (HO and 

RUHE, 2014) (FITZGERALD and STOL, 2017). However, since producing high-quality 

software is usually associated with higher costs and delivery times, maximizing both software 

development productivity and software quality simultaneously becomes challenging. 

Therefore, in this scenario, there are many contributory factors to the unintentional or 

intentional creation of TD. 

2.3.2.4 Q1.4: What are the TD influences?   

The incurrence of TD may have several influences on software development. The TD 

influences can be observed in a short or long time, and they can be beneficial or harmful. 

These influences are dependent on the context of the incurrence of TD, a change in scenario, 

and dependent on the perception and management of TD throughout the software 

development. 

 We identified some TD influences discussed in the data sources analyzed, and we 

organized them into categories and subcategories as discussed below. 

Positive Influences: this category summarizes the potential positive influences that 

TD may provide for the software organizations and their projects undertaken. It is essential to 

make clear that such claimed positive influences are more associated with achievements in 

short-term. When TD is known (i.e., intentionally incurred) and adequately managed, it is 

claimed as a strategic phenomenon by providing potential positive influences that may 

contribute to the project management, team actions and the business goals of the 

software organizations. 

Regarding project management, it is claimed that TD may accelerate software 

development velocity in short-term (SS1, SS2, SS5, and SS10). We considered that this 

acceleration might happen due to the shortcuts which are taken when TD is incurred. These 

shortcuts refer to the postponement of the required activities and quality levels in design-time. 

From a strategic perspective, such shortcuts may contribute to the increase in the team 

productivity to develop a higher amount of software features, allowing for the meeting of the 

required demand (SS1). Consequently, the incurrence of TD is considered as being a potential 
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phenomenon for addressing the risks associated with the software delivery (SS2). Therefore, 

when TD is intentionally created and adequately managed, it may be useful to handle the 

trade-offs between time-to-market and software quality. In this context, the required costs and 

efforts (principal) to handle those activities associated with shortcuts taken are employed in 

the other activities aiming to meet the software deliveries. 

Concerning team actions, we observed that the use of TD term is pointed out as a 

useful strategy to improve communication among technical team members as well as between 

technical team and top management (SS5, SS8, and SS9). It enables the stakeholders to 

handle and discuss TD, in a more straightforward way (i.e., through a financial vocabulary), 

the issues associated with software quality. Moreover, it was reported that TD might contribute 

to increasing team morale, allowing them to postpone the execution of some tasks and the 

development of some software artifacts at a given moment, to meet the demands of delivery 

(SS2).  From this perspective, it is claimed that the morale of team members tends to increase 

when they can meet deadlines. We identified that the TD influence in the team’s actions is 

briefly discussed in some primary studies, such as the ones conducted by Power (POWER, 

2013) and Lawrence (LAWRENCE, 2014). 

Besides, we identified that TD might bring some benefits to software organizations. The 

decisions taken by the development team regarding the intentional creation of TD, are 

considered as a profitable strategy that enables software organizations to save effort and 

reduce cost in short-term (SS1, SS2, and SS8). In turn, this strategy may help organizations 

to decrease the time-to-market of their software products and to gain business opportunities 

(SS1, SS6, SS4, and SS10). 

It is important to highlight that the existence of positive influences associated with TD 

are prone to occur when it is strategically created and managed. 

Negative Influences: this category summarizes the potential negative influences of 

TD. It is claimed that the TD may negatively impact on software product concerning its 

internal quality, project management, team members, and to software organizations.  

Besides that, the evidence provided in the secondary studies analyzed pointed out that such 

influences are more prone to be perceived in the long-term, mainly when TD items are 

unknown and not managed. 

 Regarding the negative impacts of TD on the software products, most secondary 

studies analyzed pointed out that TD hampers maintainability and evolvability (SS1, SS2, SS4, 

SS5, SS6, SS7, and SS10). Consequently, it contributes to decreasing the internal quality of 

the software (SS1, SS2, SS3, SS6, SS9, and SS10). When analyzing the sub-characteristics 

of maintainability that are impacted when TD is incurred, we identified that this information was 

not explicit in the secondary studies analyzed. It was possible to observe, in the data, that TD 
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has a potential to decrease the understandability of the software products (SS1, SS2, SS4, 

and SS6), and it may contribute to the insertion of defects (SS2 and SS4). Although we have 

identified that TD may hinder the activities associated with software maintenance, none of the 

secondary studies analyzed discussed the impacts of TD on the software maintenance 

activities thoroughly.  

As stated by Araújo and Travassos (ARAÚJO and TRAVASSOS, 2006), the 

maintenance becomes a challenge to the quality of software products, which may lead to its 

decay, and, in a limit situation, it may also lead to the discontinuity of such products. According 

to the Guide to the Software Engineering Body of Knowledge - SWEBOK Guide- (BOURQUE 

and FAIRLEY, 2014), 40-60% of most maintenance tasks are spent as an attempt to 

understand the software under maintenance. Analyzing the results regarding the negative 

influences of TD on software product and associating them with the literature on software 

maintenance, we considered that when TD is not managed, it may lead to the design of 

workarounds and lack of explicit information about software products. Consequently, it may 

affect the modularity, reusability, analyzability, modifiability, and other quality properties of 

software products. Therefore, the software products understandability tends to decrease when 

TD is created since the software artifacts are designed with different quality levels from the 

ones required or are not even designed. Therefore, TD may hinder the maintenance of the 

software products. 

Moreover, other claimed negative impacts on software products refer to the assumption 

that TD may negatively impact on the performance and usability of software products. 

However, when analyzing this information, we considered that this impact should not be 

directly associated with TD since they are related to external quality. 

Also, we identified that the actions associated with the project management might be 

negatively impacted over time when TD is unknown or not managed. TD may affect a project's 

activities concerning the need for investing additional effort into rework and extra work in the 

future as well (interest of TD) (SS1, SS2, SS3, and SS10). In this context, rework, and extra 

work refer to additional efforts that may be required to change or replace the suboptimal 

solutions resulting from the incurrence of TD. The additional efforts may also be associated 

with the additional activities for the management of the existing debts. Besides, it is claimed 

that TD may decrease team productivity in the long-term, and, consequently, hamper project 

management (SS1, SS2, SS9, and SS10). The decrease of productivity is associated with an 

additional effort that may be required to pay or manage TD rather than to direct it for the 

development of new features. 

Concerning the negative influences of TD for software organizations, they refer to the 

fact that the existence of TD may lead to additional costs for organizations over time. These 
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costs refer to rework or extra work associated with the maintenance activities to pay the 

existing TD as well as to manage it. Regarding the costs to manage TD, when exploring the 

costs of an approach to managing it, Guo et al. (GUO, SPÍNOLA, and SEAMAN, 2016) pointed 

out there is a significant start-up cost when beginning to track and monitor TD, but the cost of 

ongoing management soon declines to very reasonable levels. Regarding the possible 

negative influences of TD in team members, it emphasizes that in long-term TD may to affect 

the team's members morale since the debts need to be managed and paid over time (SS2 and 

SS9). As a consequence, the team members may feel pressured and forced to handle a more 

significant workload. Therefore, it is claimed in long-term technical debts can cause a feeling 

of low morale in those team members who take seriously the aspects associated with software 

quality. 

Also, when not managed, TD may hamper the business relationships between software 

organizations and their customers over time, which may lead to a market loss (SS9 and SS10). 

It was possible to observe that this impact is because additional efforts may be required in 

order to handle TD, and consequently it may cause delays in the project schedule. 

2.3.2.5 RQ1.5: Which actions and technologies have been mentioned or 

proposed in order to support the management of TD?  

Some of the secondary studies analyzed present a set of actions or specific 

technologies to support the management of TD. We organized the identified actions and 

technologies as shown in Figure 2.6. For each action and technology, we have presented the 

number of cases (secondary studies) and occurrences (excerpts from the secondary studies) 

supporting it.   

We identified a set of practical actions that should be considered as supporting 

Technical Debt Management (TDM). Besides, it was possible to observe that the first eight 

pragmatic actions (Figure 2.6) summarize the TDM activities presented by Li et al. (LI, 

AVGERIOU, and LIANG, 2015). Some approaches from the financial domain and decision 

support systems are also pointed out to support the TDM. We conjecture that such 

technologies have been recommended to support TDM since they have a potential to handle 

the real trade-offs in this context. Furthermore, some technologies commonly used in the 

software engineering field are also pointed out as useful to support the TDM activities. It was 

possible to note that some of these technologies are those used in the context of the agile 

methodologies. In this context, we used technologies to refer to aspects such as processes, 

methods, methodologies, approaches, techniques, practices, etc. 
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Figure 2.6- The identified actions and technologies to support TDM 
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However, we have not identified in detail how each of the identified pragmatic actions 

and technologies should be performed in practice in order to support the TDM activities. 

2.3.2.6 RQ1.6: What are the main challenges in TD research? 

Based on the information provided in the secondary studies analyzed, we identified that 

the main challenges in TD research refer to conceptual aspects and support of the Technical 

Debt Management (TDM). 

We identified that the understanding of TD as phenomena in the software development 

context seems to be a challenge for TD research. There are challenges regarding the 

consolidation of a conventional and holistic perspective on the TD concept in both the 

academia and the industry (SS1, SS2, SS3, SS4, SS5, SS8, and SS10). It is was possible to 

a lack of further research about the different TD types (SS1, SS3, SS5, and SS8). We identified 

that research on TD is highly related to debts associated with code source, design, and 

architecture. It was identified that the factors to support the management of TD are unclear 

(SS85 and SS8), but their identification and understanding are essential to the proper 

management of the debts. Besides, other research challenges related to conceptual aspects 

refer to the misconception regarding the use of financial concepts in the TD context (SS4 and 

SS5) and the overlap among technical indicators (SS2 and SS5) indicating the need for 

investigations in these matters.  

Also, the analyzed sources emphasize many challenges regarding the TDM. In general, 

such challenges refer to a lack of or need for further technologies to support the different TDM 

activities as well to handle the different TD types. It is claimed that a technology to support a 

specific TDM activity or a specific TD type tends to be restricted to this context. For example, 

a technology supporting the identification of TD code tends not to be applied to identify debts 

present in other software artifacts.  

The secondary studies reported that the proposed technologies have focused on 

dealing with debt associated with the code, architecture, and design, as well as with providing 

support for identification, measurement, monitoring and prioritization activities. Thus, the 

primary challenge in this matter refers to the technologies to support the management of TD, 

from a holistic perspective, considering the activities necessary to provide the proper handling 

of the different TD types. Another identified challenge on TDM refers to the neglected business 

organizational perspective that should be considered by the technologies supporting TDM.  

Finally, a profoundly stated research challenge refers to evidence of the efficiency and 

effectiveness of technologies to support TDM. The data sources analyzed reported that 

research on TDM requires more rigorous empirical investigations since the proposed TDM 

technologies present low evidence of their efficiency and effectiveness. It is important to 
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emphasize that not all the secondary studies analyzed provided detailed information regarding 

the evidence of the TDM technologies mentioned. 

2.4 Contributions to Conceptual Metamodel of Technical 

Debt 

The results obtained in the analysis present a set of concepts and properties that allow 

us to contextualize technical debts in software development, as presented in Section 2.2.3. 

The GT procedures used in the data analysis contributed to the structuring of information that 

enabled us to unify and evolve two conceptual models of TD.  

Philippe Kruchten proposed an initial conceptual model of TD, and it served as the 

starting point for the discussions of the Dagstuhl Seminar (AVGERIOU et al., 2016). This model 

summarizes the elements related to TD, but, according to the authors, it does not capture 

causes that may or may not input to measurement and analysis, the activities that need to be 

conducted to manage TD, and the stages that the debt may go through. Thus, the model is 

pointed out by the authors as the starting point for the community to build on and improve. 

A metamodel of the architectural technical debt viewpoints is presented by Li et al. (LI, 

LIANG, and AVGERIOU, 2016). The authors developed a metamodel of architecture debt 

considering the concerns of an ISO/IEC related to architecture concerns. However, we noted 

that some elements of this metamodel apply to other TD types. From the characterization of 

TD undertaken in our study, we identified some match and mismatch when comparing the 

concepts, properties, and concerns identified with the ones presented in the models previously 

described. 

Figure 2.7 presents the contributions to the conceptual metamodel of TD in software 

development. The metamodel presents, at a high abstraction level, the central concepts, 

properties, and concerns regarding TD in software development. We highlight the elements 

and relationships (the gray boxes and associations blue), with the aim of emphasizing that 

these refer to contributions from our study.  

We do not detail the metamodel in this section since all the reasoning, and 

fundamentals contextualizing the elements and associations presented in the metamodel have 

been previously discussed in the results analysis, which is presented in this chapter. 
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Figure 2.7 - An evolved Conceptual Metamodel of Technical Debt
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 We consider that this metamodel presents significant contributions since it summarizes 

properties, elements and concerns related to TD in software development.  Hence, the 

metamodel may be used to support the understanding of this TD phenomenon initially as well 

as to support the building of TDM technologies. In addition to this, we understand that the 

evolution and the validation of this metamodel are essential when aiming to contribute with 

implications for both academia and industry. 

2.5 Discussions  

The primary goal of this study was to characterize TD regarding how this phenomenon 

has been understood since its coining by Ward. Therefore, ten secondary studies were 

selected in the undertaken Structured Literature Review, and they were analyzed using some 

procedures of Grounded Theory. The analysis allowed us to identify concepts, properties, and 

concerns by providing the TD characterization concerning its perception, types, contributory 

factors, influences, supporting technologies, and challenges in the community. 

From the study results, some implications both for researchers and for practitioners 

were observed. This research is associated with two dimensions: Conceptual Aspects and 

Technical Debt Management (TDM). These implications are summarized as follows. 

Regarding the implications for researchers: it was possible to observe some issues that 

need further investigation, such as: 

• (conceptual) Lack of a standard and holistic perspective on the understanding 

of TD – there is a need to consolidate the understanding of TD both academia 

and well as industry; 

• (conceptual) Lack of more research on different TD types – research on TD 

focuses on specific types of debts (design, code, and architecture), and the 

indicators about the different TD types are still incipient; 

• (conceptual) Lack of further research on financial concepts – there is some 

misconception when applying financial concepts to TD research; 

• (conceptual) The relationship among TD items are still unclear – there is the 

need to investigate the relationship regarding dependencies and impact among 

TD items; 

• (conceptual and TDM) The conceptual metamodel is useful to support the 

investigations on TD – it provides concepts, properties, and concerns that may 

be used to support other research on TD; 

• (TDM) Lack of support to handle the different TD types – the actions and 

technologies focus on the management of debts of code, architecture, and 

design 
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• (TDM) Lack of support to the different TDM activities – the actions and 

technologies have been focusing on providing support for activities associated 

with identification and measure; 

• (TDM) Lack of support to TDM from a holistic perspective - there is the need to 

investigate and develop technologies with a potential to support the TDM 

activities independent on TD types, which may be integrated into the work 

environments of the software projects – i.e., according to the context; 

• (TDM) There is the need to identify and to consider specific factors to support 

TDM activities, mainly the TD prioritization; 

• (TDM) Lack of support to manage the different TD types – tools are required to 

provide support for the TDM activities and to handle the different TD types. 

Besides, the efficiency and effectiveness of the existing supporting tools are 

unclear; 

• (TDM) Lack of empirical evidence of the existing TDM technologies – there is 

the need to investigate the evidence and applicability of the proposed TDM 

technologies. 

Regarding the implications for practitioners: the following contributions were identified: 

• (conceptual) A set of perceptions on TD – each TD perception was discussed; 

• (conceptual) A list of TD types with descriptions of indicators/situations that 

may be used to support the identification of each type; 

•  (conceptual and TDM) A set of contributory factors and influences of TD – they 

may be used to both to support understanding of TD as well as to make evident 

aspects that need be considered in the management of TD; 

• (conceptual and TDM) A conceptual metamodel – it also may be used both to 

support TD understanding as well as to identify the concerns that need to be 

considered when managing TD; 

• (TDM) A set of claimed actions and technologies to support TDM. 

Regarding the technologies, it is worth highlighting that we did not get information in 

detail about them when analyzing the data sources. 

After completing this study, we recently identified a tertiary study on TD (ALVES, 

MENDONÇA NETO, and SPÍNOLA, 2018). This work presents significant implications for 

researchers and practitioners. Comparing the tertiary study with our study, we identified some 

similarities between the research questions as well as the results. However, these studies 

differ about the primary goal. While the primary goal was to present an overview of the state-

of-art research on TD, the primary goal of our study was to identify how TD has been 

understood since its coining, in order to characterize this phenomenon by providing a 
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discussion about it. Although there is an overlap between some research questions and 

results, it was possible to observe that the results from the two studies are complementary; if 

unified, they may provide useful contributions for the research on TD. Therefore, future work 

is intended in order to discuss the results of our study with Alves et al. (ALVES, MENDONÇA 

NETO, and SPÍNOLA, 2018). We considered that the results and implications of this study are 

coherent with the concerns of the research community on TD, such as those discussed in 

Avgeriou et al. (AVGERIOU et al., 2016).  

2.6 Threats to Validity  

The results of this qSLR have some limitations. The threats to validity are discussed 

according to (BIOLCHINI et al., 2005), (KITCHENHAM and CHARTERS, 2007) and (WOHLIN, 

2014) as follow: 

The theoretical validity concerning searching and selection bias was handled by 

possibly capturing the sources and database and by applying the inclusion and exclusion 

criteria, which were previously established. Although the search string was performing in only 

one search engine (Scopus database), it was mitigated through a control list created from 

previous secondary studies, and through the application of the forward and backward 

snowballing technique to obtain studies that did not return on the search engine. 

Regarding descriptive validity, our extraction form and process were unbiasedly defined 

before the execution to answer the RQs strictly. Also, at least one researcher reviewed all 

information. The results were internally generalizable as we achieve theoretical saturation on 

the identification or appearance of new codes and categories in our analysis. Finally, 

interpretive validity was achieved when the conclusions were drawn reasonable given the data. 

Nevertheless, a threat in interpreting the data refers to researcher bias. In order to handle it, 

we adopted some GT procedures executed by one researcher and with iterations of 

discussions with another researcher to avoid bias and solve inconsistencies. 

2.7 Conclusions of this Chapter  

This chapter has presented the planning, execution, and results of the Structured 

Literature Review, which at aimed to identify how TD has been understood over time with the 

purpose of to characterize this phenomenon. This study allows us to characterize TD regarding 

its perceptions, concept, properties, contributory factors, influences, occurrence, types, actions 

and technologies of management, and research challenges. Regarding the challenges, we 

identified that the knowledge about the management of TD is still incipient. This finding motived 

us to undertake the study in the following chapter. Also, the findings present a set of 

implications contributing both to TD research and practitioners.  
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3 Technologies for Supporting Technical Debt 

Management: A quasi Systematic Literature 

Review 

This chapter presents a quasi-Systematic Literature Review conducted to 

identify which the technologies developed and reported in the technical 

literature, aiming to manage the Technical Debt (TD). The results from this 

literature review provided the characterization of identified technologies 

regarding its applicability of use (context information as well as their 

limitations). These results allow us to identify gaps and opportunities 

concerning the management of TD, thus contributing to the scope of the 

proposed technology in Chapter 4. 

3.1 Introduction 

 In this chapter, we are going to present our investigation of technologies for 

supporting Technical Debt Management (TDM). This investigation was motivated by the stated 

challenges from the study results presented in Chapter 2. 

According to the results presented in the previous chapter, TD is related to technical 

decisions about shortcuts and workarounds taken in software development. Such decisions 

can influence positively (strategic and managed) or negatively (unintentional and not 

managed) the software project ecosystem and the quality of the software product (JERONIMO 

JUNIOR, 2017). Thus, TDM is essential to handle the risks that such debts may bring to the 

project and software product. 

As can be observed from the study results presented in Chapter 2, we identified some 

challenges regarding the Technical Debt Management (TDM). Some of the secondary studies 

on TD claim TDM is still incipient due to the lack of specific technologies to support TDM or 

the lack of knowledge of existing TDM technologies. 

Although we have identified some secondary studies summarizing information on the 

technologies that have been proposed to support the management of technical debts, we have 

not gotten detailed information on such technologies. For example, information on the 

application context of technology and evidence of its applicability. 

However, we consider that specific information about TDM technologies is essential to 

identify the primary needs of both academia and industry regarding technologies to support 

technical debt management. For this end, we conducted a study to investigate in the technical 
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literature technologies for supporting Technical Debt Management (TDM). This study was 

undertaken by this author and another researcher from the Experimental Software Engineering 

Group (ESE) at COPPE-UFRJ. 

The remainder of this chapter is organized as follows: Section 3.2 covers the planning 

and execution of the performed review, presenting the study’s goal and the followed 

procedures. Section 3.3 presents the results of the study. Section 3.4 provides a detailed 

discussion of the main finding. Section 3.5 addresses the validity threats. Finally, Section 3.6 

presents the final considerations. 

3.2 Review Process 

The methodological procedures used to perform the quasi-Systematic Literature 

Review (presented in this Chapter) are the same as previously discussed in Chapter 2 (see 

Section 2.2 and Figure 2.2). There are some specific particularities, which are highlighted 

below. The next subsections present the review stages and the primary results. 

3.2.1 Planning 

Regarding the research scope of this qSLR, it is related to technologies to support 

TDM. Therefore, the primary goal of this study is to identify, in the technical literature, the 

technologies created to support the TDM in software projects. This study goal was stated 

according to the goal-question-metric (GQM) paradigm (BASILI, 1992), as presented in Table 

3.1. 

Table 3.1 qSLR goal from the GQM paradigm 

Goal 

Analyze technologies supporting TDM 

With the purpose of Characterizing 
Regarding its applicability of use (context information as well as potential 

advantages and limitations) 

From the point of view 
of 

software engineering researchers 

In the context of software development process 

Aiming to achieve the main and the specific objectives of this study, we formulated the 

central question and the following sub-questions: 

• RQ1: Which software technologies have been proposed in the technical debt 

literature to support the technical debt management in the context of software 

projects? 

• RQ1.1: Which TDM activities are covered by those technologies? 

• RQ1.2: Which TD types are supported by those technologies? 
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• RQ1.3: What is the software context in which those technologies should be 

applied? 

• RQ1.4: Which other technologies, from the Software Engineering context or 

other domains, are necessary to apply those technologies? 

• RQ1.5: Is there any evidence of the use or applicability of those 

technologies? 

Regarding the procedures for sources selection, before the construction of search 

string, a control reference list was compiled from the primary studies included by the secondary 

studies on TDM. These secondary studies were obtained from the review presented in Chapter 

2. Table 3.2 shows such secondary studies and the number of included primary studies in each 

of them. 

Table 3.2 The secondary studies used to obtain a control reference list 

Complete References #Studies 

Ampatzoglou, Areti, et al. "The financial aspect of managing technical debt: A 
systematic literature review." Information and Software Technology 64 (2015): 52-73. 

69 

Li, Zengyang, Paris Avgeriou, and Peng Liang. "A systematic mapping study on 
technical debt and its management." Journal of Systems and Software 101 (2015): 
193-220. 

94 

Alves, Nicolli SR, et al. "Identification and management of technical debt: A systematic 
mapping study." Information and Software Technology 70 (2016): 100-121. 

100 

Fernández-Sánchez, Carlos, et al. "Identification and analysis of the elements required 
to manage technical debt using a systematic mapping study." Journal of Systems and 
Software 124 (2017): 22-38. 

63 

Besker, Terese, Antonio Martini, and Jan Bosch. "A systematic literature review and a 
unified model of ATD." Software Engineering and Advanced Applications (SEAA), 2016 
42nd Euromicro Conference on. IEEE, 2016. 

26 

Ribeiro, Leilane Ferreira, et al. "Decision Criteria for the Payment of Technical Debt in 
Software Projects: A Systematic Mapping Study." ICEIS 2016 (2016): 572. 

38 

Behutiye, Woubshet Nema, et al. "Analyzing the concept of technical debt in the 
context of agile software development: A systematic literature review." Information and 
Software Technology 82 (2017): 139-158. 

38 

We identified 184 distinct primary studies from the presented secondary studies. These 

identified primary studies were used as an initial control reference list. Thus, these studies 

were submitted to the inclusion/exclusion criteria (explained later in this section), which initially 

considered the reading of title and abstract of such studies. Finally, 70 studies came out of this 

selection, and they were adopted as a control list, providing some reference during the search 

string construction. 

The first trial search string was created using the PICO strategy  (PAI et al., 2004). 

Since the qSLR purpose was to characterize the technologies supporting TDM, it was not 

possible to obtain the “Comparison” part of the PICO strategy. Then, the first trial of the search 

string was derived considering the following structure: 
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• Population: technical debt 

• Intervention: software projects and technical debt management activities 

• Outcome: software technologies 

A set of keywords and their respective synonyms were derived from the PICO structure 

aiming the construction of the search string. The first search string was executed by November 

18th, 2017 and returned 67 papers. Keywords were identified in an iterative approach with 

several steps. Thus, the search string went through a series of trials; each trial was compared 

to the reference list primary studies from the secondary studies previously discussed. It was 

observed that removing the “outcome” from the search string resulted in a higher coverage 

level compared to the control list.  

The last trial was executed by December 13th, 2017 and returned 356 papers (Section 

3.2.2). Table 3.3 shows the search strings for the first and last trial. 

Table 3.3 - Search strings for the first and last trial 

First Trial 
(November 18th, 2017) 

Last Trial 
(December 13th, 2017) 

TITLE-ABS-KEY (("technical debt" OR 

"design debt" ) AND ("software project*" 

OR "project of software" OR "software 

engineering" OR "software development" OR 

"development of software") AND 

("identification" OR "measurement" OR 

"prioritization" OR "monitoring" OR 

"representation" OR "documentation" OR 

"prevent*" OR "repay*") AND ("practice*" 

OR "technique*" OR "method*" OR "process" 

OR "strateg*" OR "approach*” OR “model” 

OR “framework” OR “technolog*")) 

TITLE-ABS-KEY(("technical debt" OR 

"design debt") AND (“manag*” OR 

“identif*” OR "measur*" OR “quantif*” 

OR “assess*” OR “evaluat*” OR 

“estimat*” OR “calculat*” OR 

"prioritiz*" OR “monitor*” OR 

“represent*” OR “document*” OR 

“record” OR “register” OR "prevent*" 

OR “predict*” OR "repay*" OR “pay*” OR 

“eliminat*” OR “minimiz*” OR “reduce” 

OR “reduction” OR “optimiz*”)) 

Returned Papers: 67 Returned Papers: 356 
Control papers included in this trial: 32 Control papers included in this trial: 62 

Concerning the procedures for studies selection, we defined that the studies must 

be papers written in the English language and available on the web. Besides, we decided to 

use the Scopus Database search engine and to conduct the snowballing process (WOHLIN, 

2014), both forward and backward.  

A set of inclusion and exclusion criteria was established for supporting the studies 

selection, as described in Table 3.4. 
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Table 3.4 - The used criteria in this qSLR 

Inclusion Criteria (IC) Exclusion Criteria (EC) 

 
 
(IC1) It is related to software engineering AND 
 
(IC2) It is explicitly about technical debt AND 
 
(IC3) It proposes and provides information 
about a software technology that supports 
technical debt management AND 
 
(IC4) Only English papers will be considered 
AND 
 
(IC5) Gray literature (white papers) AND 
 
(IC6) Available books chapter.  

(EC1) It is not about technical debt OR 
(EC2) It is conference proceedings, tutorials or 
extended abstract OR 
(EC3) It is a dissertation, thesis or technical report 
OR 
(EC4) It is a duplicated paper OR 
(EC5) It is a full book OR 
(EC6) It is a paper which has an evolution in 
another paper, in this case only the most 
completed will be considered OR 
(EC7) It does not propose or provide a software 
technology that supports technical debt 
management OR  
(EC8) It is not written in English OR 
(EC9) It is not related to software engineering OR 
(EC10) It is not available, even after being 
requested by the authors OR 
(EC11) It is a secondary or tertiary study. 

It is worth emphasizing that all the procedures described in Note 1 (Section 2 of Chapter 

2) were also adopted in this qSLR. Also, these procedures were performed by two researchers.   

Table 3.5 - Data Extraction Form 

Extraction Field [Field Description] Purpose/RQs 

Reference Information [Title, authors, year, source and abstract] Demographic 
data 

Proposed Technology for TDM [Name and description of the primary goal 
of the proposed technology] 

RQ1 

TDM Activities [TDM activities covered by this technology, according to the 
activities described by Li et al. (2015)] 

RQ1.1 

TD types [TD types that are supported by this technology, according to the 
types described by Alves et al. (2016)]  

RQ1.2 

Context [Project type, development methodology, software domain] RQ1.3 

Other Used Technologies [Necessary technologies to apply the technology 
reported in the study. Technologies from the Software Engineering or other 
domain, e.g., financial domain] 

RQ1.4 

Evaluation Type [Procedure to support the evaluation of the proposed 
technology] 

RQ1.5 

Other Observations [Remarks regarding the benefits and limitations of the 
proposed technology. Other information the researcher seems fit to register] 

Additional 
Information 

Table 3.6 presents the eight questions defined to evaluate the quality assessment. For 

each question, a score was assigned, between zero and one point. Therefore, the total score 

in a study can receive is between zero and eight points. It is important to emphasize that the 

quality assessment aims not to evaluate the technology per se, but rather to measure how 

much a study can answer the research questions raised in Section 0, and to weigh the 

importance of individual studies during the data analysis (KITCHENHAM and CHARTERS, 

2007). 
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Table 3.6 - Quality assessment criteria 

Category Question Score 

Purpose 
Q1 - Is the use purpose of 
technology mentioned? 

No - 0 pt 
It is possible to infer this information - 0,5 pt 
Yes - 1,0 pt 

TD and TDM 
classification 

Q2 - Is it possible to identify 
which TD type is covered by the 
proposed technology? 

No 0 pt 
It is possible to infer this information 0,5 pt 
Yes 1,0 pt 

Q3 - Is it possible to identify 
which TDM activity is covered by 
the proposed technology? 

No 0 pt 
It is possible to infer this information 0,5 pt 
Yes 1,0 pt 

Context 

Q4 - Is it possible to identify 
whether the technology requires 
the use of other specific 
technologies? 

No 0 pt 
It is possible to infer this information 0,5 pt 
Yes 1,0 pt 

Q5 - Is it possible to identify 
which project context (i.e., 
development process) is 
necessary in order to apply the 
proposed technology? 

No 0 pt 
It is possible to infer this information 0,5 pt 
Yes 1,0 pt 

Advantages 
Q6 - Are the advantages of using 
this technology mentioned? 

No 0 pt 
It is possible to infer this information 0,5 pt 
Yes 1,0 pt 

Limitations 

Q7 - Are the technology 
limitations discussed (threats to 
validity, application restrictions, 
etc.)? 

No 0 pt 
It is possible to infer this information 0,5 pt 
Yes 1,0 pt 

Evidence 
Q8 - What kind of evidence 
supports the results of the 
studies that use this technology? 

No evidence 0,0 pt 
Evidence obtained using a “toy” example 0,2 
pts 
Evidence obtained through specialist 
opinions 0,4 pts 
Evidence obtained through academic studies 
(e.g., lab or classroom experiments) 0,6 pts 
Evidence obtained through industry studies 
(e.g., case studies) 0,8 pts 
Evidence obtained through consolidated 
industry practices 1,0 pt 

Final Score  

Regarding the analysis procedures to analyze the data, quantitative and qualitative 

procedures were used. The frequency analysis (quantitative procedure) was used in the 

demographic characterization of the data such as analyses of the number of the identified TDM 

technologies by TD type, year, TDM activity, and so on. We used qualitative procedures, 

naturally, to categorize the technologies according to the purpose of each of them. 

3.2.2 Execution 

The execution was carried out according to all activities presented in Figure 2.2. 

Moreover, the defined procedures as previously mentioned in Section 2.2. 

Figure 3.1 describes the selection process, from the last search trial on the Scopus 

database to the final study selection. The last trial retrieved 356 papers, from which 50 
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proceedings were removed, leaving 306 papers to be evaluated in the selection process. In 

the last trial, eight papers from the control list were not returned by the search. We identified 

that those papers are not included in the Scopus database or, if they are indeed included, they 

do not have an abstract registered. Therefore, such papers were included manually in our 

literature review, to be analyzed in the following steps.  

After the snowballing process, 77 papers were selected in this literature review, and 

each one of them represents a technology to support TDM. The researchers involved in this 

literature review conducted the full reading of the selected papers. 

 

 

Figure 3.1 – Results of the search process  

The following subsections present the results obtained from the selected studies. 

Additional information regarding demographics, sources and quality assessment is presented 

in Appendix B. 

3.2.3 Analysis  

The relevant information of the selected papers was extracted by both researchers 

using the extraction form described in Table 3.5. Each researcher extracted the data of half 

the included papers, then reviewing the extraction from the other researcher for the other half 

of the included papers. The following subsections present the results obtained from the 

selected papers. Appendix B presents the complete list of the selected papers and information 
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regarding demographics (B.1 and B.2), and quality assessment (B.3). It is important to 

emphasize that we considered that each identified paper (study) provides technology for the 

management of TD. 

3.3 Results 

3.3.1 Demographic data 

As mentioned in Section 3.2.2, 77 papers were selected for this review. These studies 

were published between 2011 and 2018.  Regarding the publication sources, the studies are 

distributed over 47 different publication sources. The most common source is conference 

(39%), followed by workshops (35%), journals (15%), book chapters (5%), symposiums (3%) 

and others (3%).  

Figure 3.2 presents the distribution of studies by publication year and by source type. 

It is possible to observe an increase in the studies from 2015 onwards. 

 

 

Figure 3.2 - Distribution of studies by year and type of source 

3.3.2 Quality Assessment 

As the data extraction, the studies were divided among both researchers for the quality 

assessment, being revised by the other researcher.  

Figure 3.3 presents the distribution of the studies over the scores. 45% (35) of the 

studies were evaluated in the range (5.0, 6.0], while 13 studies (17%) were in the highest range 

(6.0, 7.0]. 19 studies (25%) were in the range (4.0, 5.0], while eight studies were in the range 

(3.0, 4.0] and two studies were in the lowest range (2.0, 3.0]. The mean score is 5.15 out of a 

maximum of 8.00. It indicates that the average quality of the studies is not ideal. However, they 
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are still able to provide some answers to the research questions. The details on the quality 

assessment for each study is presented in Appendix B (see B.3). 

 

Figure 3.3 - Distribution of the selected studies over the quality assessment scores 

3.3.3 Answering the Research Questions 

3.3.3.1 RQ1: Which software technologies have been proposed in the 

Technical Debt literature to support the technical debt management in 

the context of software projects? 

As previously described, we identified 77 studies in this review. Each of the selected 

studies presents a technology to support TDM. It was possible to observe that such 

technologies have diverse purposes, backgrounds and are applied to different software 

artifacts.  

Regarding the technologies' purpose, these are specific to provide support for some 

specific TDM activities and some specific TD type as well. Appendix B presents a brief 

description of each technology (see B.4). 

Concerning the background, most of the TDM technologies are based on software 

metrics, presented in 29 studies (38%). The structuring of processes is the second most 

commonly used background on the TDM technologies, adopted in 15 studies (19%). The third 

place is the text mining algorithms, included in 3 studies (4%). We classified the technologies’ 

backgrounds into 17 additional categories, in which all of those have 3 or fewer studies. The 

list of backgrounds adopted by the studies and their respective technologies are presented in 

Appendix B (see B.5). Table 3.7 presents the backgrounds used in the TDM technologies. 
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Table 3.7 - Descriptions of the technologies’ backgrounds 

Technologies’ 
Background 

Descriptions 

Software metrics 
Technologies that propose a set of specific metrics to support the TD 
identification and measurement. 

Software process 
Technologies that propose the structuring of specific processes made up of 
generic activities to be applied in the context of TDM. 

Text mining 
Technologies based on text mining techniques to automatically detect self-
admitted technical debt in source code comments. 

Cost-benefit analysis 
Technologies based on the cost-benefit analysis approach to support the TD 
measurement as well as the decision-making regarding TD incurrence. 

Portfolio 
management 

approach 

The core component of the technologies based on the portfolio management 
approach is a list of TD items with specific information that allows the 
monitoring of debts throughout the project. 

Real options 
Technologies based on the real options theory aiming to support the analysis 
of the different scenarios regarding the decision-making concerning TD 
incurrence. 

Software 
development 

practices 

Technologies based on the structuring of a set of practices, in which they are 
considered useful to support the TDM of the different TD types. 

Games 
Games-based technologies to support software teams in the formalization of 
the technical debt management problem as well as to motivate managers and 
developers regarding TDM issues. 

Reinforcement 
learning 

Technologies using reinforcement learning in models to compare the 
accumulation of debts in a software product throughout its evolution. 

Search Based 
Search-based optimization tools that support the identification of TD in the 
source code. 

Software design 
Technologies considering some design patterns principles to management 
design TD. 

Software quality 
assessment 

Technologies based on the evaluation of some software quality attributes, as 
proxies to evaluate the costs associated with DT items. 

Visualization/Visual 
Techniques 

Visual thinking approaches such as dashboards or specific tools with 
information about TD items with the purpose of the TD monitoring throughout 
the project. 

Architecture 
documentation 

An approach based on a set of architecture viewpoints, which it aims to 
facilitate the documentation of ATD. 

Business Value 
The use of business value in an optimization model, which contrasts the 
patterns of technical debt accumulation in a software product with the patterns 
of consumer adoption of the product throughout its evolution.  

Cost-based 
formalization 

The cost-based formalization considers the effective technical debt. This 
approach takes into account the cost of changes in each step of the evolution. 

Genetic algorithms 
Genetic algorithms used in the context of the TDM tools, which provide support 
in the decision-making regarding the developing new features or paying back 
known TD. 

Multicriteria decision 
A TDM strategy proposing the use of multiple criteria approaches to support 
the evaluation of TD items. 

Natural language 
processing 

A tool using natural language processing to identify the design and requirement 
of self-admitted TD automatically.  

As previously identified in the review of the literature presented in Chapter 2, the 

background for the identified TDM technologies is not restricted to the SE domain. Some of 

the identified TDM technologies have backgrounds based on financial and decision support 

approaches, such as cost-benefit analysis, portfolio management approach, and real options. 
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Regarding the software artifacts used by the technologies, the source code is the most 

used, present in 47 technologies (61%). Besides, we identified that 13 technologies (17%) are 

independent of software. Also, six other artifacts’ categories were found in 16 technologies 

(21%). One study did not have enough information to allow the extraction of this data. 

Additional information about the source artifacts used in each identified TDM technologies is 

presented in Appendix B (see B.6) 

3.3.3.2 RQ1.1: Which of those technologies cover TDM activities? 

Figure 3.4 depicts the number of studies for each of the eight TDM activities. We 

identified that 38 technologies (49%) are not specific to only one TDM activity, being associated 

with two or more. Concerning most of the activities covered by the identified technologies, TD 

measurement is the most frequently represented activity, with 43 technologies (56%), followed 

closely by TD identification, with 42 technologies (55%). Regarding the TDM activity least 

frequently supported by technologies, TD communication covered only six technologies (8%). 

 

Figure 3.4 – Number of studies related to each TDM activity 

Concerning the technologies’ backgrounds in the TDM activities, it is possible to identify 

that software metrics-related technologies are mostly associated with TD identification, TD 

measurement, and TD prioritization. In addition, we observed some backgrounds, such as text 

mining and search-based techniques are only found in technologies associated with TD 

identification and TD measurement. On the other hand, the TDM technologies based on 

software processes, software development practices, and software quality assessment apply 

to all almost TDM activities. The mapping between the studies and the technology TDM activity 

is presented in Appendix B (see B.7). 
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3.3.3.3 RQ1.2: Which TD types are supported by those technologies?  

In order to answer this questions, the technologies were classified into TD types 

according to identified classifications in the technical literature as described in Chapter 2, such 

as: based on the different phases of software development process or software artifacts in 

which TD can be incurred (ALVES et al., 2016); and based on the TD intentionality  

(MCCONNELL, 2007). 

Figure 3.5 summarizes the number of TDM technologies by TD type, considering the 

TD classification based on the phases of the software development process, or based on the 

software artifacts.  More than 50% of the technologies (44) can be applied to deal with at least 

two different TD types. We observed that it occurs in the code-related technologies, which can 

be applied to deal with code, design and architecture debt. This finding can be observed in 

Figure 3.5, in which those three TD types are also the most frequently supported by the 

identified TDM technologies. Regarding the other TD types, it was possible to observe that few 

technologies are supporting them. The mapping between each technology (study) and the TD 

type is presented in Appendix B (see B.8). 

 

Figure 3.5 – Number of TDM technologies by TD type  

 

Figure 3.6 – Number of TDM technologies by TD intentionality 

Concerning TD intentionality, we observed that most of the technologies (34) are not 

restricted only one TD type – i.e., they can be used to deal with unintentional or intentional TD. 
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We conjecture that this result is because most of the technologies are applied to TD that can 

be identified in the source code such as TD code, design, and architecture. Therefore, the 

management of those TD types is independent of the way the debt is incurred. On the other 

hand, 29 technologies are specific in dealing with unintentional debts, whereas 14 intentional 

concern debts. The mapping between each technology (study) and the TD intentionality is 

presented in Appendix B (see B.9). 

3.3.3.4 RQ1.3: What is the software/project context in which those 

technologies should be applied? 

For each selected technology, we extracted information provided in the studies about 

the software or projects context such as the development model, system or project domain, 

and the programming languages. 

We observed that 63 TDM technologies could be applied when dealing with TD 

regardless of the development model, while 13 apply to software projects that adopt iterative 

or agile practices. Only one technology was associated with the waterfall model.  

Regarding the system or project domain in which the TDM technologies can be applied, 

most of the studies (47) did not have enough information about it. The remaining studies report 

the use or applicability of their technologies to some domain such as software development, 

telecommunications, cloud applications, mobile applications, automotive, consulting, financial 

systems, government, health, oil & gas and social networks. 

As previously mentioned, the technology applicability may be dependent on a 

programming language, mainly those focusing on code-related debt. We identified that 28 

studies did not present information on whether the technology depends on any specific 

programming language. 21 studies (27%) reported not being related to any specific 

programming language, while 20 studies (26%) reported technologies applicable only to Java. 

Three studies (4%) reported technologies that could be applied to multiple programming 

languages.  

Appendix B presents the mapping between the studies and the development model 

(see B.10), the mapping between the studies and the system or project domain (see B.11), 

and the mapping between the studies and the programming language (see B.12). 

3.3.3.5 RQ1.4: Which other technologies, from the Software Engineering 

context or other domains, are necessary to apply those 

technologies? 

We have observed that most identified TDM technologies rely on other technologies 

for their applicability. 32 of them depend on third-party tools, while 27 depend on proprietary 
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tools.  15 studies did not report any dependence or did not provide enough information on the 

technology to enable this information extraction. Concerning the third-party tools and 

proprietary tools, some of them are Eclipse, specific software metrics, Git, SQALE, version 

controls, and specific templates and spreadsheets.  

The mapping between each study and its dependence on other technologies can be 

observed in the Appendix B (See B.13). 

3.3.3.6 RQ1.5: Is there any evidence of the use or applicability of those 

technologies? 

As can be seen in Figure 3.7, toy example (proof-of-concept) was the most frequent 

type of evidence used in the studies (22). Specialist opinions were the least common type of 

evidence, present in only two studies. 11 studies did not report any evidence on their 

technologies.  

 

Figure 3.7 – Distribution of selected studies over the type of evidence 

These findings raise some concerns about the use and applicability of such 

technologies in industry software projects. However, it is also worth mentioning that this review 

presented conditions to assess only whether the technology has evidence of its original study. 

There are cases, not mapped in this literature review, in which the technology is further 

discussed in later publications, presenting stronger evidence on the applicability of the 

technology in question.  

3.4 Discussions 

The primary goal of this study was to identify, in the technical literature, the proposed 

TDM with the purpose of characterizing them, regarding its applicability of use. For this end, 

77 studies presenting TDM technologies were analyzed so to answer the previously 

established Research Questions (RQs).  

The identified TDM technologies are based on different backgrounds, i.e., they have 

different approaches to manage TD, being the use of software metrics and software processes 
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the most common.  Table 3.8 presents an overview of the main findings, considering some 

RQs of this study. 

Table 3.8 - Summary of the main findings  

INFORMATION REGARDING THE IDENTIFIED TDM TECHNOLOGIES 

TDM activities TD type TD Intentionality 

Development 
Model and 

Software/Project 
Domain 

Dependence 
on other 

technologies 

Most frequent: 
 
Measurement 
Identification 
Prioritization 

Most frequent: 
 
Code,  
Design 
Architecture 

Most frequent: 
 
Not specific 
Unintentional 
 

Most frequent: 
 
 
 

Independent of 
model 

 
 

Applicable to 
iterative process 

 
 
 
 

Most of the 
TDM 

technologies 
are dependent 

on other 
technologies 

Least Frequent: 
 
 
Monitoring 
Prevention 
Documentation 
Repayment 

Least Frequent: 
 
Requirement 
Test 
Service, 
Documentation 
Defect 
Build 
Versioning  

Least Frequent: 
 
 
 
Intentional TD 
 

As presented in the results section, when investigating which TDM activities are 

covered by the identified technologies, it was observed that TD measurement, TD 

identification, and TD prioritization are the most covered TDM activities. Therefore, we 

conjecture that such TDM activities can be considered essential for the management of TD in 

software projects. On the other hand, we observed that the amount of TDM technologies 

providing support to the other management activities is much smaller when compared to the 

activities of measurement, identification, and prioritization. These results indicate possible 

research gaps regarding the TDM activities covered by the technologies. Aiming at proper 

management of TD, it is crucial that such TD be documented (to register information about TD 

items), monitored throughout the development process (to observe changes in the cost/benefit 

ratio of known technical debt items throughout time), prevented (to prevent the occurrence of 

potential TD items that could be harmful to software product and project) and paid with the 

solution or mitigation of the technical debt item  (considering the project context) 

Regarding TD types covered by TDM technologies, it was possible to identify that most 

of the identified TDM technologies dealing with debts can be identified in the source code, 

such as TD code, design, and architecture, respectively. On the other hand, the results indicate 

that the number of TDM technologies dealing with other TD types still seems to be incipient, 

and their application is limited to specific contexts of software projects. 
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Figure 3.8 - Relationship between TD types and TDM activities 

When analyzing the relationship between TDM activities and TD types covered by TDM 

technologies, a strong tendency can be observed. The number inside the bubbles represent 

the number of the identified TDM technologies associated with both the TD type and the TDM 

activity. As can be seen in Figure 3.8, most of the identified TDM technologies support the 

activities of identification, measurement, and prioritization to dealing with code-related debts 

such as TD code, design, and architecture. This result reinforces the argument presented 

above, in which it was possible to identify that most technologies focus on TD that can be 

identified in the source code. As mentioned in Section 3.3.3, 47 out of the 77 technologies 

have the source code as the primary artifact. In general, such technologies use static source 

code analysis tools to identify, measure, and prioritize TD. This result indicates a research gap 

that needs further investigation. 

Investigating the TD intentionally and the development process covered by the TDM 

technologies, it was possible to identify that most of them can be used to deal with intentional 

and unintentional debts independent of the adopted development process. However, we 

conjecture that it occurs given that most of the TDM technologies focus on code-related debt. 

Therefore, the management of those TD types is independent of both the way of TD incurrence 

and the adopted development process. On the other hand, we observed a low number of TDM 

technologies dealing with intentional TD. When analyzing them, we have identified that they 
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also deal with code-related debts or are specific to a project context (dependent). Thus, this 

result indicates the need for specific technologies to support the management of intentional 

TD. 

Besides, it was possible to identify that most TDM technologies are dependent on other 

technologies. Consequently, such dependency may restrict the use of such technologies, since 

their applicability may require a more significant effort/cost of software projects.  

Concerning the evidence on the use or applicability of identified TDM technologies, we 

observed that these have little evidence regarding their feasibility and applicability. Most of 

them were evaluated through toy examples or proof-of-concept (22) and lab or classroom 

experiments. Only 16 technologies were through case studies, six through industry practices 

and two through specialist opinions. Besides, eleven technologies did not provide any 

evidence. These findings raise some concerns about the use and applicability of such 

technologies in industry software projects. According to (KITCHENHAM, DYBÅ, and 

JøRGENSEN, 2004), the use of evidence allows the characterization of technology before its 

adoption in software projects by the industry, so that it would be possible to determine the 

levels of confidence and the feasibility of its use when considering specific scenarios.  

The findings described previously allow us to identify the necessary implications for 

researchers and practitioners, as follows: 

Regarding the implications for researchers: it was possible to observe some issues 

that need further investigation, such as: 

• TD identification, TD measurement, and TD prioritization are the activities 

most covered by the identified TDM technologies. We conjecture that such 

activities are essential to TDM. However, these technologies focus on code-

related debts. Therefore, we identified the need for specific technologies 

with the potential to support TDM since the early stages of software 

development, to anticipate the potential risks that the debts can cause 

when they are unknown or not properly managed; 

• TD communication, TD prevention, TD repayment, TD monitoring, and TD 

documentation are the activities least coverage by the identified TDM 

technologies. Nevertheless, we also understand that these activities are 

essential for the proper management of TD in software projects. Thus, we 

observed the lack of technologies providing support for these activities, 

regardless of the TD type. 

• Most technologies focus on code-related debts, so when using such 

technologies, the existing TD tends to be perceived a posteriori. It is 

essential to use technologies to support the perception of unintentional TD in 
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projects. On the other hand, when intentionally incurred, TD must be planned 

proactively and prospectively. Thus, we highlight the need for further 

investigation aimed at proposing technologies to deal with intentional TD, 

considering the context of their software projects. 

• The software project context can be negatively impacted when adopting a 

TDM technology since most identified TDM technologies are dependent on 

other ones. Therefore, we identified the need for TDM technologies that can 

be instantiated considering the software project context.  

• The study revealed the necessity to evaluate the current TDM technologies 

further, as only 29% of the studies presented evaluations of the technologies 

directly in the industry, such as case studies or actual industrial practices.  

Except for the last topic, the implications described above are of interest in this research 

and contributed to the scope definition of the thesis’s proposal. 

Regarding the implications for practitioners: the results contribute to a list of 

technologies to manage different types of TD under several conditions. Some of them were 

selected and synthesized in Evidence Briefings (EBs) aiming to make available to software 

practitioners the acquired knowledge about such TDM technologies (SILVA, JERONIMO 

JUNIOR, and TRAVASSOS, 2018). EB (CARTAXO et al., 2016)  is a one-page document 

intended to improve knowledge transfer between researchers (academia) and practitioners 

(industry). 

3.5 Threats to Validity 

This qSLR has similar limitations to the literature review presented in Chapter 2. 

Therefore, we also undertook the actions described in Section 2.6, aiming to mitigate the 

threats to the validity of the study presented in this Chapter. 

3.6 Conclusions of this Chapter 

This chapter has presented the planning, execution, and results of the qSRL, which at 

aimed to characterize the technologies to support the management of technical debts in 

software projects. This study allows us to identify a set of technologies and their characteristics 

(i.e., type of TD covered, management activities covered, project domain/software, 

dependencies of other technologies and information and evidence about its applicability). From 

the analysis of the results described in this chapter, one can observe some limitations 

regarding the technologies identified, which contributed contributing to the scope definition of 

the doctoral research proposal, as presented in the following chapter.
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4 Proposal - A Framework Based on Software 

Project Context for Supporting the Forecasting 

and Technical Debt Management 

In this chapter, we are going to present the preliminary research proposal, in 

which it consists in a framework for supporting the forecast and management 

of technical debts in software projects. Before the proposal, we present an 

overview of the main findings of our investigations contributing to the scope 

delineation of this work, giving us some background for solving the problem.  

4.1 Outlining the problem scope 

The findings presented in the previous chapters provided the identification of research 

gaps and opportunities to support the proposition of this research. Also, the results of an 

observational study strengthened the findings and the stated problems, providing us with some 

insights to outline this proposal scope. The following subsections present an overview of the 

observational study and its primary results. Next, we present a synthesis of the main findings 

of our investigations, considering the three studies performed in the context of this research. 

4.1.1 Observational Study Overview on the Perception and 

Management of TD 

Based on the literature reviews results (Chapters 2 and 3), we identified some 

challenges and pitfalls related to the TD perception and its management, in which TD has often 

been mistakenly associated with any issue occurring throughout the software development. 

To further analyze those challenges and pitfalls, we conducted an observational study 

in the context of a Software Engineering (SE) course with undergraduate students. To note, 

we are aware that this study was not conducted in the context of a real project, being only a 

“toy example,” and that most of the students are inexperienced in developing software projects 

in the industrial context. However, we could observe that several problems identified in this 

study are similar to those presented in Chapters 2 and 3, concerning the perception and 

management of TD. 

The study was performed during an academic semester (2017.1) in the software 

engineering course for undergraduate students at UFRJ. This course consisted of structuring 

a project aiming to develop a software product. A total of ten students attended it. In general, 
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the participants are third- to fourth-year undergraduate students and have a low experience 

level in industrial software development. However, most of them have experience in software 

projects developed in the context of undergraduate courses and internships. Regarding the 

software product domain, the students had to develop a software-based solution to monitor 

some environmental variables. More information about the project’s scope can be found in 

Appendix C. 

Being a practical course related to software projects and the development of a product, 

the students received lectures on topics related to SE. The concepts related to TD and 

Technical Debt Management (TDM) were presented at the beginning of the course. The 

students were invited to participate in an empirical study in which they would have to manage 

the TD (i.e., to identify and handle it) throughout the project aiming at characterizing challenges 

and pitfalls on TD perception and management. For each iteration, they had to identify and 

record any TD item found, and at the end of each iteration, they were expected to evaluate 

those TD items that should be treated in the following iterations. 

The participants composed a single development team. The team planned the project 

release schedule (release planning) at the beginning of the project, after gathering the 

requirements. The project was structured to hold three releases. From the second release 

onwards, the team began to record the perceived TD items into a TD backlog and to evaluate 

those TD items that should be handled in the following iteration. Since the primary goal of this 

study was to observe the challenges and pitfalls concerning the perception of TD, the team 

could register any item as being TD, according to their understanding. They were also free to 

make any decision regarding the payment and monitoring of the TD items. Further details 

about the project concerning the release planning, activities and artifacts can be found at 

https://github.com/ESEGroup/IssuesMonitoring/wiki/Artefatos. 

During the project execution, it was possible to observe that the team faced difficulties 

regarding the perception of debts in the project, and mistakenly considered some items as 

being TD. At the end of the project, when analyzing the items recorded in the TD backlog of 

each iteration, it was possible to identify a set of items that were considered debts by the team 

members that were false positives when compared to the TD definition perspective 

(AVGERIOU et al., 2016). A questionnaire was designed to characterize the perception of each 

team member concerning TD, considering their experience during the project to better analyze 

this issue. The questionnaire was structured as follows: i) an open question requesting a 

description of TD, and ii) a question containing a set of items that were considered by the team 

as being debts throughout the project, but which were not actual debts (false positives). This 

list also consisted of a set of items that are TD, although not were considered as such by the 

team (false negatives). Also, as for each item in which they judged to be debts, they were 

https://github.com/ESEGroup/IssuesMonitoring/wiki/Artefatos
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asked to inform the impact of TD as being positive or negative. The questionnaire can be found 

in Appendix C. 

Results overview considering the questionnaire responses (Appendix C). When 

analyzing the results related to the perception of team members versus the actual TD items, it 

was possible to observe that there was not a consensus. Amongst a set of five TD items, only 

one was considered as TD by nine participants. Regarding the false positive items, once again, 

most of the participants considered them to be TD. Amongst a set of five items that were not 

debts, three of them were considered as such by 7 out of 10 participants. Concerning items 

that are not debts, it was possible to observe that they referred to the undeliverable features 

in the required iterations. 

Also, when analyzing the responses from each participant regarding what they 

considered as being TD, we identified that the responses support the observations previously 

described, in which TD is associated with any issue occurring during the software development 

process. It was also possible to observe that many of the items considered TD were identified 

as having a positive impact on the project. However, we conjecture that the misconception 

regarding what is TD may impact on the proper management of the existing debts and in the 

internal software quality, and consequently, on the maintenance activities or even lead to 

product discontinuity. Also, we argue that it may also impact on the external quality and the 

software organizations business, for instance, when undelivered requirements and defects 

tend to be considered TD. 

Results overview considering the observations obtained during the project. 

Regarding the perception and management of TD throughout the project, it is important to 

emphasize that the team did not apply any systematic strategy. At the end of each iteration, 

the team discussed whether the identified items were real debts, and then, the items 

considered debt were included in the planning of the following iterations. Concerning the TD 

items correctly perceived by the team during the project, we observed that the participants had 

difficulties in prioritizing which items should be paid first and at what moment of the project 

they should be paid. It is important to emphasize that, as observed in the previous studies, the 

prioritization of TD is still a challenge, and we consider that it becomes even more significant 

when project members have low experience in software projects. As observed in our research, 

criteria, and technologies to support the prioritization of TD are still incipient. Concerning the 

TD impacts, some team members pointed out that TD can lead to the accumulation of tasks 

and other debts. This perception can be identified in the answers from some team members, 

mainly in those provided by members B and F (see Appendix C).  

Also, we realized that the team had some difficulties to evolve the software product 

during the iterations since some software feature deliveries were delayed. About this matter, 
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we conjectured that existing debts in the project might have influenced these delays. We also 

identified that most existing debts were only paid at the end of the project, and only when 

requested by the technical client. In this scenario, we also realized that the team made a more 

considerable effort to deliver the product and all required artifacts, regardless of the TD 

amount. 

Additionally, this study has given us an insight that perhaps the existence of TD is 

dependent on the project context. As previously discussed, TD is related to an intentional 

decision or negligence regarding not to carry out activities or not to develop software artifacts 

that are required at a specific project stage, in which they may impact the software 

maintenance. Therefore, TD is also associated with non-conformities with the activities and 

artifacts required in the project. In this way, what can be considered TD in the context of a 

given software project will not always be considered debt in the context of another project. 

The software project considered in this work was conducted in a working scenario of 

continuous demands, with defined deadlines and limited resources, thus presenting some 

similarities to the context of real projects. Although we are aware of all the threats to the validity 

of this study, we consider that the observations obtained strengthen the findings of our previous 

investigations and give us a taste of the problems associated with the perception and 

management of TD in software projects. 

4.2 The Scope of the Problem: Merging the main findings 

Figure 4.1 provides a summary of the main findings of our investigations. We consider 

that such findings synthesize the main problems and challenges related to the perception and 

management of TD in software projects (stated in Section 1.2 and discussed in the chapters 

of this work). Next, we present a discussion on those topics. 

 



 

66 

 

 

Figure 4.1- Main findings of the investigations conducted in this doctoral research 

Regarding the perception of TD in software projects: 

• Although TD may bring benefits to software projects, they may be prejudicial to 

project activities and the software product quality when unperceived or 

unmanaged. We identified in the Literature Review 1 (Chapter 2) and the 

Observational Study (Section 4.1.1) that TD has often been mistakenly identified 

by software practitioners, being associated by software practitioners to any issue 

during the software development. However, TD is limited to development 

activities and software artifacts that may hinder the internal quality, when these 

are not performed or postponed in the required time. As previously discussed, 

we conjecture that the misconception regarding TD perception in software 

projects may impact the proper management of the real debts and in the internal 

software quality, hampering the maintenance activities. Also, we conjecture that 

this misconception may promote a side-effect in the external quality and 

software organizations business. When analyzing the technical literature, we did 

not identify any technology to support software practitioners to perceive TD in 

software projects. 

• Additionally, the perception of TD can be influenced by software practitioners’ 

knowledge/expertise and the software project context. Regarding the project 

context, the TD in a software project might not always be considered as such in 

the context of another project. Thus, we consider that a technology to support 
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software practitioners to correctly perceive and identify TD based on the context 

of their software projects is essential. 

Concerning the Technical Debt Management (TDM) in software projects: 

• Most of the TDM technologies provide support for the identification, 

measurement, and prioritization of TD, which are essential activities to manage 

TD. However, other activities such as the documentation and monitoring of TD 

are also crucial for the proper management of TD in software projects.  

• Most of the TDM technologies are applied to code-related debts, which can be 

observed using static analysis tools in the source code, revealing TD related to 

code, design, and architecture. Although such technologies can be applied to 

deal with intentional and unintentional debts, the existing TD tends to be 

perceived a posteriori (when the code is done), and consequently, the impact 

of debts can only be perceived later in the development process. Therefore, 

there is a need for technologies to support the management of TD since the 

early stages of software development, aiming to anticipate the potential risks 

that debts can cause when they are unknown, propagating, or not adequately 

managed. 

• Many TDM technologies are dependent on other technologies. 

• Among the 77 TDM technologies identified in the literature, only nine deal with 

different TD types. However, when considering the support for the identification 

activity, such technologies do not provide guidelines or specific instruments to 

support the identification of TD items, considering the software project context. 

• Only one out of nine TDM technologies provides support for the prioritization 

activity, considering different TD types (RIBEIRO et al., 2017). This technology 

is based on an approach that considers criteria related to effort, customers, TD 

nature, and project nature. However, it was possible to identify that the 

technology provided by (RIBEIRO et al., 2017) does not explicitly consider the 

impact of the TD items on software internal quality (i.e., maintainability) and the 

possible dependence between the TD items. However, considering the impact 

of TD is mainly related to internal quality, we conjecture that aspects related to 

internal quality must be considered to support the decision-making concerning 

the management and payment of TD. Also, the dependence between TD items 

must be considered in this decision-making since it can help to systematically 

identify any effort/cost required to pay the debts. 
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• Among the TDM technologies identified, only two (FOGANHOLI et al., 2015) 

(RIBEIRO et al., 2017) provide tools to support some management activities, 

regardless of the TD type. 

• Most of the technologies analyzed were evaluated through a proof of concept 

or studies with low methodological rigor, which can present threats to use such 

technologies in real projects. 

Based on the identified challenges, the following requirements were defined as the 

scope of the proposed TDM technology in this doctoral research. 

R1: To provide support for the forecast and management of TD, considering the 

software project context. 

R2: To provide support for the decision-making process concerning the prioritization of 

TD items that must be handled at a given moment in the project, considering the impact of TD 

items on the internal quality and the dependence between the TD items; 

R3: To provide support for the forecast and of the different TD types that may exist in 

software projects. 

Therefore, as previously described in Section 1.4, this doctoral research is meant to 

provide a framework to support the forecast and management of different TD types, 

considering the software project context. Regarding the management activities, the main 

scope of our proposal is focused on support the TD identification, prioritization, and monitoring 

activities. However, we consider the documentation activity of TD as complementary to our 

proposal  

4.3 A Preliminary Framework Based on Software Project 

Context for Supporting the Forecasting and 

Management of TD 

As previously discussed, the scenario of demands for continuous software delivery 

contributes to reducing the release’s development time and their periodicity, as well as to 

maintain the software regularly available for deployment. As observed in our investigations, 

different TD types may be incurred during the software development, either intentionally or 

unintentionally (MCCONNELL, 2007), (FOWLER, 2009) (TOM, AURUM, and VIDGEN, 2013) 

and (LI, AVGERIOU, and LIANG, 2015). 

TD can bring positive and negative impacts on software projects. When intentionally 

incurred, TD may be useful at a given time, allowing the fulfillment of the demands for constant 

software deliveries (TOM, AURUM, and VIDGEN, 2013) (KRUCHTEN et al., 2013) 

(AVGERIOU et al., 2016). On the other hand, when TD is unknown, or its management is 
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neglected, it can be harmful to the maintenance and evolution of software products (TOM, 

AURUM, and VIDGEN, 2013) (LI, AVGERIOU, and LIANG, 2015) (BESKER, MARTINI, and 

BOSCH, 2016). This scenario brings some risks for software projects. In this context, the 

management of TD has been highlighted as an essential strategy to be applied in software 

projects aiming to handle the trade-off associated with the constant demands for software 

deliveries, and the risks it poses to the internal software quality. Thus, the management of TD 

must be planned proactively and prospectively. 

Figure 4.2 presents an overview of the proposed framework with its respective activities 

aiming to support the forecasting and management of TD in a scenario of iterative and 

incremental software development.  

 

Figure 4.2-Framework based on Software Project Context for Supporting the Forecast and 

Management of Technical Debts 

The proposed TDM technology, structured as a framework, is designed to allow: 

I. The mapping of the activities and artifacts required in the software project 

context, enabling to support the forecast of potential TD that may be incurred in 

a software project; 
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II. The identification of different TD types that may occur during the software 

development life cycle, considering the potential TD items foreseen for the 

software project; 

III. The prioritization of TD items identified in each iteration during the software 

development life cycle, considering the possible impact of each TD item on the 

internal quality and the dependency between the existing debts. 

IV. The support for the decision-making process regarding the payment and 

monitoring of TD items incurred during the software development, considering 

the prioritization of TD items. 

We intend to develop a computational infrastructure to support the activities proposed 

in the framework. Although it is not entirely necessary for achieving the primary objective of 

the proposed research, we consider that it may facilitate the use of the proposed strategies in 

the context of software projects. Besides, we consider that a computational infrastructure can 

engage and motivate the software practitioner to use the proposed TDM technology.  

The following subsections will provide the preliminary descriptions about the activities 

that compose our proposed TDM technology. Besides, we present some preliminary 

instruments created to be used in such activities. Next steps include their improvement, 

verification, and empirical evaluation. 

4.3.1 Step 1: Mapping the Development Activities and Software 

Artifacts to Forecast TD 

Based on our investigations, we conjecture that the existence of TD is dependent on 

the software project context. In this work, we are considering the project context as being the 

development activities and software artifacts that are required during the software 

development lifecycle. Therefore, TD is associated with not performing, not correctly 

performing, or postponing necessary development activities or software artifacts at any given 

moment in the software development cycle. 

We believe that a strategy to support forecasting of the possible TD that may be 

incurred in the project is by mapping the actions and software artifacts required at given 

moments of the software development lifecycle. The mapping of actions and software artifacts 

should be performed at the beginning of the project. It consists of collecting information about 

the development activities and software artifacts that are required in the software project. We 

also emphasize the importance of identifying the development phase(s) in which each required 

software artifact should be developed, the required tools, and the criteria specification to be 

used to verify whether such activities and software artifacts were developed as required. 
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To aid the collecting of such information, we designed the instruments presented in 

Table 4.2 and Table 4.4. It is important to highlight that the information on the project plan may 

be used as input for collecting the information required in this mapping. Besides, we designed 

the questionnaires presented in Table 4.1 and Table 4.3. These instruments aim to support 

the identification of the development activities and software artifacts required in the project 

when there is not a project plan, or there is no explicit information about them. We consider 

the provided instruments might be useful to support the proposed mapping systematically. 

The output of this mapping is a list of the activities and software artifacts required in the 

software project and specific information about them as shown in Table 4.5. The result of this 

mapping may be considered as an oracle, containing the possible TD items that may be 

incurred intentionally or unintentionally during the project life cycle. This TD oracle must always 

be compared with the possible TD items mentioned in the literature. 

In the context of this proposal, the simple gathering of specific information about 

development activities and software artifacts required in the project context represents the 

modus operandus to support the forecast and management of technical debts that may be 

incurred throughout software development. 

The instruments presented in this section represent a preliminary version. We need to 

assess whether the information provided in the instruments is enough and useful to support 

the mapping of the activities and artifacts required in the project, allowing the adequate forecast 

of possible TD items that may occur in the project. Regarding the development activities to be 

mapped, we need to investigate better whether they should correspond to all those required in 

the software development life cycle, or only to the specific activities related to internal quality. 
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Table 4.1- Questionnaire to support the identification of the required actions in the project 

QUESTIONS TO SUPPORT THE MAPPING OF ACTIONS 

1. What types of requirement engineering activities are used? <e.g., brainstorming with clients> 

2. What types of design activities are used? <e.g., meetings involving technical stakeholders to discuss the software product architecture> 

3. What types of coding activities are used? <e.g. use of the coding conventions/style> 

4. What types of testing activities are used? <e.g. automation of functional testing > 

5. What types of software configuration management and support activities are used? <, e.g., automation of the build process> 

6. What types of software quality assurance activities are used? <e.g. inspections/formal technical reviews> 

 

 

Table 4.2- Template of the instrument to support the collection and descriptions of specific information about the required activity in the project  

DESCRIPTION OF REQUIRED ACTIONS (tasks, activities or practices) 

NAME <name of the required actions> <e.g. automated functional testing> 
DEVELOPMENT PHASE <specific development phase(s) at which the activity is required> 

<e.g. testing phase> or <e.g. in each iteration> 
RESPONSIBLE(S)/STAKEHOLDERS <the responsible(s) for the activity> 
OUTPUT/ARTIFACT(S) <descriptions of the main output(s) of the activity> 

<e.g. functional test cases> 
REQUIRED TOOL(S) <descriptions of the required tool(s) to support the activity> <e.g. selenium IDE> 

CRITERIA FOR ACTION’S 
ASSESSMENT (definition of done) 

Adequate/Acceptable: <description of situations considering the activity as adequate/acceptable>  

<e.g.  at least 70% of the functional requirements required in each iteration must be automated using selenium IDE 

tools>  
Incomplete/Inadequate: <description of situations considering the activity as incomplete or inadequate>  
<e.g.  less than 70% of the functional test cases are not automated using selenium IDE > 
Not exist/Missing: the activity was not undertaken 
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Table 4.3- Questionnaire to support the identification of the required software artifacts in the project 

QUESTIONS TO SUPPORT THE MAPPING OF SOFTWARE ARTIFACTS 

1. What types of requirement artifacts (elicitation and analysis) are used? <e.g., a document of requirements specification containing business rules and 
a glossary of messages> 

2. What types of design artifacts are used? <e.g., class and state machine diagrams> 

3. What types of development artifacts are used? < e.g., source code using the required coding styles/conventions> 

4. What types of testing artifacts are used? <e.g., test plan and functional test cases> 

5. What types of artifacts of configuration management, deployment and operation are used? < e.g., build scripts> 

6. What types of artifacts are used to support the traceability? <e.g., traceability matrix of functional requirements x functional test cases> 

 

 

Table 4.4- Template of the instrument to support the collection and descriptions of specific information about the software artifacts in the project  

DESCRIPTION OF REQUIRED SOFTWARE ARTIFACT 

NAME <name of the required software artifact> <e.g. functional testing cases> 

DEVELOPMENT PHASE 
<specific development phase(s) at which the software artifact is required> 
<e.g. testing phase> or <e.g. in each iteration> 

RESPONSABLE(S)/STAKEHOLDERS <the responsible(s) for design/development of the software artifact> 

REQUIRED TOOL(S) 
<descriptions of the required tool(s) in which the software artifact must be development/designed> <e.g. 
TestLink Tool> 

CRITERIA FOR ARTIFACT’S 
ASSESSMENT (definition of done) 

Adequate/Acceptable:<description of situations considering the software artifact as adequate/acceptable> 
< e.g., functional test cases must be specified using the TestLink Tool, and they must comply with the required 
standard for the specification of functional test cases> 

Incomplete/Inadequate: <description of situations considering the software artifact as 
incomplete/inadequate/outdated> 
<, e.g., functional test cases were specified using the TestLink Tool, but they are not in compliance with the 
required standard for the specification of functional test cases> 
Not exist/Missing: the software artifact was not developed 
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Table 4.5- Example of consolidated list of activities and software artifacts required in the project – 
Technical Debt Oracle 

LIST OF REQUIRED ACTIVITIES AND SOFTWARE ARTIFACTS (POSSIBLE TD) 

ID ACTIVITIES ARTIFACTS DEVELOPMENT 
PHASE 

REQUIRED 
TOOLS 

CRITERIA FOR 
ASSESSMENT 

1 <e.g. automate 
functional 
testing> 

<e.g. 
automated 
functional 

test cases> 

<e.g. testing 
phase> or <e.g. 

in each iteration> 

<Selenium IDE > <e.g.  at least 70% 
of the functional 
requirements 
required in each 
iteration must be 
automated using 
selenium IDE 
tools> 

2 . 
. 
. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

N . 
. 
. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

 

4.3.2  Step 2: Identifying and Registering the TD 

The TD items must be identified, and specific information about them must be 

documented aiming for proper management of TD, in each iteration during the software 

development  (SEAMAN and GUO, 2011) (LI, LIANG, and AVGERIOU, 2014) (LI, LIANG, and 

AVGERIOU, 2016). 

Concerning the identification activity, although we compiled some technologies that 

provide support for this activity, they focus only on TD items that can be identified in the source 

code. We did not observe any technology supporting the identification of different TD types 

that may be incurred during the software development and considering the project context. 

We believe that the mapping of the development activities and software artifacts 

required in the project (proposed in Step 1) has as its primary output the possible TD items 

that may occur in the project. Therefore, this TD oracle can be used to support the identification 

of TD items at each iteration. 

As depicted in Figure 4.2, the identification of the TD items shall be performed in the 

following software development phases: 

• The beginning of each iteration (iteration planning) or during the iteration: to 

identify, among the development activities and software artifacts required for 

the iteration, which ones will be deferred or will not be entirely developed. These 

represent the TD items previously known by the development team members 

(i.e., intentional TD), which need to be managed during the project development 

cycle; 

• At the end of each iteration: to identify the TD items intentionally or 

unintentionally incurred. 
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For this end, the proposed strategy to support the identification of the TD items in each 

iteration, considering the project context, consists of: 

I. Using the TD oracle of the project to identify development activities and software 

artifacts required in the iteration 

II. Using the proposed checklist (see Table 4.6) to inspect the development 

activities and software artifacts identified as required in the iteration. This 

checklist contains generic questions to support the identification of TD items. 

III. For performing this verification, the required information on the development 

activities and software artifacts must be consulted in the TD oracle, as a strategy 

to answer the checklist questions. Thus, each required activity and artifact shall 

be inspected according to the criteria that were previously specified and 

collected in the mapping step. The compliance with the criteria related to the 

activities and artifacts required in the iteration will determine the existence or 

not of TD items. 

Table 4.6 - Checklist to support the TD items inspection 

Questions Descriptions 

Q.1 

Were the required development activities for each iteration undertake? 

N the activity is a TD item of the iteration 

Y check if the activity is adequate (Q.1.1) 

Q.1.1 

Do the development activities undertaken in the iteration meet the previously 
defined acceptance criteria? 

S   
the activity is considered as being acceptable or adequate, so it is not a TD 
item 

Y  
the activity is considered as being incomplete or inadequate, so it is a TD item 
of the iteration 

Q.2 

Were the required software artifacts for iteration developed? 

N the artifact is a TD item of the iteration 

Y   check if the artifact is adequate (Q.2.1) 

Q.2.1 

Do the software artifacts developed in the iteration meet the previously defined 
acceptance criteria?  

S 
the artifact is considered as being acceptable or adequate, so it is not a TD 
item 

Y 
the artifact is considered as being incomplete, inadequate or outdated, so it is 
a TD item of the iteration 

N= not    Y= yes   

Although the proposed computational infrastructure may provide support for the 

creation and use of the technical debt inspection checklist, the inspection described on item III 

is a manual activity. Thus, this inspection may be performed by the project manager or by 

members of the development team established a priori.  

As shown in Figure 4.2, after the identification of the TD items at the iteration, such 

items must be recorded with specific information. However, the scope of this doctoral proposal 

is restricted, primarily, to support the forecast and management (identification, prioritization, 

and monitoring) of different TD types that may be incurred, considering the software project 
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context. Notwithstanding, the TD documentation and TD monitoring are considered as 

complementary activities in the context of our proposed TDM technology. Thus, to support the 

documentation of identified TD items. We suggest the use of the templates presented in Table 

4.7, as proposed by (SEAMAN and GUO, 2011)  (LI, LIANG, and AVGERIOU, 2016). We 

tailored this template aiming to address some particularities of our proposed technology. The 

changed/inserted fields are highlighted in dark gray. These are described below: 

• Compromised SIQCs: it refers to the characteristics concerning the internal 

software quality, compromised by the existence of TD items. Based on the TD 

definition presented in (AVGERIOU et al., 2016), we consider that the impact of a 

TD item on software products is associated with the quality sub-characteristics 

related to maintainability presented in ISO/IEC 25010 (ISO/IEC, 2011). Therefore, 

for each identified TD item, each of its maintainability sub-characteristics must be 

assessed on how it is impacted; 

• Level of Impact on Internal Quality: it refers to the amount of influence each debt 

item promotes on the internal quality (see Section 4.3.3); 

• Dependence on another TD items: It indicates a technical dependency. The 

handling of a TD item may require that other TD items be also handled. We 

recommend that each identified TD item should be verified as to whether the 

handling depends on other existing TD items; 

• Priority: it refers to the priority level that must be estimated to support the decision-

making process regarding the payment of existing debts (see Section 4.3.3); 

• Change of scenario: this refers to the recording of historical information on TD 

items, aiming at adequate monitoring of TD items during the software development 

lifecycle. 

The costs estimative required to pay each TD item should be carried out according to 

the strategy used by the project in question. It is not part of the scope of this doctoral proposal. 

The TD items identified and recorded at each iteration comprise a TD backlog 

(SEAMAN and GUO, 2011) (GUO, SPÍNOLA, and SEAMAN, 2016), (BEHUTIYE et al., 2017). 

The impact of each of them should be evaluated to obtain a backlog of TD items prioritized at 

each iteration (SEAMAN and GUO, 2011). In the following section, we discuss the proposition 

of a method to support the prioritization of different TD types. 
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Table 4.7- Template for Documenting a TD item 

ID <identifier for TD item> <e.g. ITD-1> 

Description <brief description of the debt item> 

Date <date of identification of TD item> 

Status (  ) paid                            Date: _______________ 
(  ) not paid 

Intentionally (   ) intentional                       (    ) unintentional 

TD Type <description of the TD type> <e.g. TD test> 

Incurred by <team member(s) who created the TD item> 

Rationale/Benefit <brief description of the rationale behind the incurrence of TD item as well as the 
benefits of its incurrence, if any> 

Repaid by < team member(s) who paid the TD item> 

*Compromised 
SIQCs 

(   ) analyzability (   ) modifiability    (   ) modularity (   ) testability  (   ) reusability 

*Level of Impact 
on Internal Quality 

<specify the estimated level of impact on internal quality> 

*Dependence on 
another TD item 

<description of the TD items in which the TD item in question is dependent >  

Principal <indication of the estimated cost to pay the TD item in the iteration> 

Total Cost 
(Principal + 

Interest) 

<indication of the estimated total cost for paying the TD item in question, considering 
the cost of handling all TD items on which the item in question is dependent> 

*Priority <specify the estimated priority level to handle the TD item> 

*Change of 
Scenario 

Release/Iteration 
Level of Impact on 

Internal Quality 
Dependence on Total Cost  Priority 

R1-Ix     

. 

. 

. 

    

Rn-In     

4.3.3 Step 3: Assessment of TD impact and Prioritizing the TD 

After identifying the TD items at each iteration and recording their information, such as 

the required cost/effort to handle them, it is necessary to decide their payment and monitoring 

throughout the project iterations (SEAMAN and GUO, 2011). These decisions relate to the 

cost-benefit assessment of the existing TD items and are useful for the release planning. In 

this scenario, the TD items may be prioritized to support this decision-making. The prioritization 

activity consists of ranking the identified TD items according to the predefined criteria. It allows 

deciding which TD items should be repaid first and which can be postponed (SEAMAN and 

GUO, 2011) (LI, AVGERIOU, and LIANG, 2015). 

In the context of this proposal, we argue that the prioritization of the TD items should 

be based on two dimensions: 

I. The impact of each TD item on the internal software quality, considering 

software maintainability; 

II. The dependence between TD items. 

Regarding the impact of a TD item on the internal software quality: Since the TD 

impact on software products is mainly related to maintainability and evolvability, each TD item 
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identified in the software development iteration should be assessed considering its impact on 

internal quality. This assessment may be useful to support the development team to perceive 

the risks that TD items may bring to the maintenance and evolution of software products. The 

proposed strategy for evaluating the influence on internal quality considers the impact level of 

each TD item on the maintenance sub-characteristics as defined in the ISO/IEC 25010 

(ISO/IEC, 2011), described below:  

• Analyzability: the “degree of effectiveness and efficiency with which it is 

possible to assess the impact on a product or system of an intended change to 

one or more of its parts, or to diagnose a product for deficiencies or causes of 

failures, or to identify parts to be modifiedt.” 

• Modifiability: the “degree to which a product or system can be effectively and 

efficiently modified without introducing defects or degrading existing product 

quality.” 

• Modularity: the “degree to which a system or computer program is composed 

of discrete components such that a change to one component has minimal 

impact on other components.” 

• Testability: the “degree of effectiveness and efficiency with which test criteria 

can be established for a system, product or component and tests can be 

performed to determine whether those criteria have been met.” 

• Reusability: the “degree to which an asset can be used in more than one 

system, or in building other assets.” 

Suppose that, in a project iteration, one TD item is: TDI-1: “The required functional test 

cases for the iteration were not designed.” Thus, the impact of this TD item must be evaluated 

considering each of the maintenance sub-characteristics described above, according to the 

example below: 

Table 4.8- A preliminary instrument for supporting the assessing the TD item impact on internal quality 

Assessing the TD item impact on internal quality Level of Impact 

How much does the TD item impact on the software product analyzability? L 

How much does the TD item impact on the software product modifiability? M 

How much does the TD item impact on the software product modularity? L 

How much does the TD item impact on the software product testability? H 

How much does the TD item impact on the software product reusability? H 

Impact Level of TD item ? 
 

L= Low     M= Medium    H=High 

Next steps in this research aim to answer the following questions: 

I. How to minimize the subjectivity of this assessment? 
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We intend to evolve the instrument presented in Table 4.8 as a strategy to support 

this assessment. Besides, there are some open points that we need to address 

in this specific context, for instance: how to consolidate this assessment 

considering the expertise of the different technical stakeholders (requirements 

analyst, software architects, testers, developers)?  

II. What scale would be appropriate for this assessment? 

The scale used in Table 4.8 was only one example. 

These investigations are necessary to compose the prioritization strategy. 

Concerning the dependency between TD items: For each of the identified TD items, 

the following question should be asked: “To pay this TD item, what other items should be 

paid before?” Suppose that, at some point in the project, the TD items (TDI) presented in 

Table 4.9 emerge. These items can represent the postponement or inadequate development 

of activities and software artifacts mapped as required in the context of the project. 

Table 4.9- Example of the incurred TD items (in an iteration) 

Descriptions 

TDI-1: The required functional test cases for a given iteration were not designed 

TDI-2: None of the software requirements was specified 

TDI-3: The required design models were not built 

TDI-4: All business rules were not specified (lack of document specifying business rules) 

TDI-5: Low comment coverage in the source code of the current software version 

TDI-6: The functional test cases automation using the Selenium tool were not performed  

After identifying each TD item, the development team may recognize the following 

dependencies among the TD items, as shown in Figure 4.3: 

 

 

Figure 4.3- Example of dependence among the TD items 

As it can be seen in Figure 4.3, the development team identified that, for the proper 

payment of TDI-6, it is necessary to pay TDI-1, TDI-2, and TDI-4 respectively. Besides, let us 

consider that the development team has estimated the cost (c) to pay each of these TD items 

separately, so the total cost to pay TDI-6 will be: 
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𝑐𝑇𝐷𝐼6 =  𝑐𝑇𝐷𝐼1 +  𝑐𝑇𝐷𝐼2 +  𝑐𝑇𝐷𝐼4 +  𝑐𝑇𝐷𝐼6 

 

The total cost to pay TDI-6 can be considered as the amount of the interest of this debt. 

The identification of the dependency among the TD items is useful to analyze the order of 

payment of TD items as well as to support the cost estimation to pay each of them. This 

information is essential for the release planning when considering the payment of existing 

technical debts. 

It is possible to observe that the challenge regarding TD prioritization is similar to those 

associated with software defects prioritization. The main criteria that have been used to support 

the decisions regarding the defects fixing are their priority, severity, customer needs, the time 

required for fixing, and defect blocking  (AKBARINASAJI, 2018). As it can be observed, some 

of the previously described criteria seem to apply to TD prioritization. However, the perspective 

is different: the software defects impacts are associated with the proper software functioning. 

Thus, the decision to eliminate the defects tend to be influenced by the end user’s needs. On 

the other hand, TD affects the internal software quality, primarily maintainability and 

evolvability, not visible or perceived by the end users. 

As previously discussed, in our investigations, we perceive the need to treat the debt 

considering the impact on the internal quality and the dependence between the items. In this 

sense, to combine these dimensions, an open question in the context of this doctoral proposal 

is: 

III. How to support the decision making regarding the payment or monitoring 

of TD items, considering their impact on the internal quality and the 

dependency among them? 

The answer to this question is part of the proposed prioritization strategy. 

However, more research should be performed in order to tailor a prioritization 

strategy comprising these two dimensions, aiming at supporting decision-

making. 

Based in our investigations, we conjecture that a TD prioritization strategy considering 

the two dimensions described above can be useful to provide TD items prioritized in each 

iteration to support the risks identification that the existing debts may bring to the software 

project, and consequently to support the decision-making process concerning the payment 

and monitoring of them, according to the project scenario in question.  However, it needs to 

investigate in more detail some approaches that can be used to support the structuring of the 

proposed prioritization strategy. For example, the structuring of the strategy to prioritize TD 

items could be based on the principles of risk approaches.  
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4.3.4 Step 3: Monitoring the TD items 

The costs, dependency between TD items, and their impact on internal quality may 

vary over time according to the project scenario. Therefore, TD items must be monitored during 

the software development life cycle, as recommended by (SEAMAN and GUO, 2011). Aiming 

to support the TD items during the software development, we are adopting the steps suggested 

by (SEAMAN and GUO, 2011), according to the context of our proposal, as follows: 

I. Identify the TD items in each iteration. In order to do so, the TD oracle of the 

project and the proposed strategy for the identification of TD (presented in Step 

2) should be adopted; 

II. (Re)assess the impact of each TD item on the internal quality, regarding the 

assessment strategy that we propose in Section 4.3.3; 

III. Identify the cost for paying each of the TD items separately (considering the 

estimation cost adopted in the project), the dependency between the items, as 

well as the total cost for paying each of debt considering their dependency; 

IV. Use the prioritization strategy that we are designing (Section 4.3.3), aiming to 

support the decision-making process concerning the payment or monitoring of 

the debt; 

V. Register/Update the required information on those items (Table 4.7); 

In order to properly support the monitoring of TD items over the software development, 

the proposed technology aims at supporting: 

VI. The identification of TD items incurred either intentionally or unintentionally, 

whose impact on internal quality is considered to be “high.” This information is 

relevant to the project, so improvement actions should be established aiming to 

avoid the incurrence of these TD types. This information can be used to 

minimize the risks such TD types may bring to internal quality. 

VII. The identification of those TD items incurred intentionally to meet the software 

delivery demands, whose impact on internal quality was assessed as 

"reasonable." This information may be relevant for the project team to perceive 

the TD types that can add value to the project and has a lower likelihood to 

affect the internal quality negatively. 

Each of the actions described above is essential for monitoring the TD during the 

software development, aiming to support the technical decision-making process and to predict 

the risks that the incurred debts may bring to maintenance activities. 
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4.3.5 Computational Infrastructure 

As mentioned at the beginning of this chapter, a computational infrastructure is not 

entirely necessary for achieving the objective of supporting the forecast and management of 

TD, as proposed in this doctoral research. However, we believe that a computational 

infrastructure may facilitate the conduction of the activities proposed in this framework, as well 

as engage and motivate the software practitioners to use the technology proposed in this 

research. 

Hence, we intend to build a computational infrastructure to provide support to some 

activities of the framework proposed, primarily the following macro-requirements: 

I. Register the TD oracle of the projects; 

II. Register information about the TD inspections; 

III. Register information about the identified TD items; 

IV. Support the assessment of the TD items’ impact on internal quality as well as 

the prioritization of these TD items, according to the strategies proposed in this 

framework; 

V. Support the monitoring of TD items throughout the software development; 

 

4.4 Usage Scenarios 

Firstly, we consider that the framework proposed may be used for supporting the 

forecasting and management of TD in some scenarios of software projects that adopt an 

interactive and incremental development methodology. These scenarios are described below: 

I. Scenario 1: Software projects that have or do not have a project plan detailing 

the activities and artifacts required throughout the development cycle: 

Considering a scenario where there is a project plan, information about the 

development activities and software artifacts required during the project iterations can be 

collected from this plan, aiming to consolidate an oracle of the possible technical debts that 

may be emerging in the project. As discussed in this chapter, in the context of the proposed 

technology in this doctoral research, a TD oracle is used as a strategy to support the forecast 

of the possible technical debts items of the project. For each activity and software artifact, the 

criteria defining that they comply with the agreed standards must be identified. If the criteria 

are not explicit in the project plan, so they should be defined. As presented in Section 4.3.2, 

such criteria are required in the context of the proposed framework to support the identification 

of TD during the development iterations.  
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In a scenario where information detailed about the development activities and software 

artifacts required during the software development phases are absent in the project plan, the 

instruments presented in Section 4.3.1 can be used as a strategy to support the collection of 

such information to build the TD oracle. As previously described, we argue that this oracle is a 

guiding element to support forecast and management of TD during the development iterations. 

II. Scenario 2: Software projects aiming to forecast and manage TD, regardless of 

the software domain 

Initially, we consider that the technology proposed is not restricted to an application 

domain or a project nature. The technology proposed has as its primary input, information 

about the development activities and software artifacts required in the project. Thus, we 

consider that, when using the technology proposed, the forecasting and management of TD 

will be shaped according to the context of the project in question. However, further research is 

needed to affirm this argument. 

III. Scenario 3: Software projects aiming to forecast and manage one or more TD 

types that may be incurred throughout the software development 

We consider that the technology proposed can be used to support the forecast and 

management of possible TD that may intentionally or unintentionally arise from the early stages 

of software development (e.g., documentation debts) to the final stages (e.g., those technical 

debts associated with problems in the source code or in the build process). When using the 

technology proposed, the project team can establish which TD types should be managed. For 

this end, it is necessary to identify the specific information about the development activities 

and software artifacts that can lead to the creation of those TD types in which are intended to 

be managed. This information will shape the use of the technology proposed according to the 

need of the project. 

The scenarios described above are related to those requirements (see Section 4.2) that 

were initially established for proposing the framework when considering some of the 

challenges identified in our investigations regarding the perception and management of TD in 

software projects. 

4.5 The expectation for Assessing the Framework 

After the adjustments in the framework to meet the proposed objectives, we intend to 

perform empirical studies to assess it, considering the previously adopted research 

methodology (MAFRA, BARCELOS, and TRAVASSOS, 2006) (SPÍNOLA, DIAS-NETO, and 

TRAVASSOS, 2008) (see Section 1.5). The second phase of the methodology aims to assess 

the proposed software technology. This assessment can be done in different stages, each one 
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with specific purposes. Considering the nature of this doctoral proposal, we intend to evaluate 

the proposed framework in the following steps: 

• Feasibility Study: the objective is to evaluate if the proposed framework meets 

the proposed objectives. We believe that this study can be conducted in the 

context of research projects, involving the software product development. In 

addition, we believe that the software practitioners’ opinion can also contribute 

to the feasibility study. 

• Observational study: The results of the feasibility study can contribute to 

improving the framework. After the adjustments in the framework, we intend to 

perform an observational study in a software development organization. This 

observational study aims to identify the benefits and challenges of using the 

proposed framework. 

4.6 Considerations of this Chapter 

The previous sections presented the preliminary version of the proposed technology, 

which aims at supporting the forecast and management of TD, considering the project context. 

We envision this framework may support software organizations to perceive and handle 

the risks associated to maintain and evolve their software products when TD is present. In 

addition, the chapter presented the possible scenarios for using the framework.  

Also, we presented some open questions that need to be addressed in order to evolve 

the framework. Finally, the expectations for evaluating the proposed framework were also 

described.  
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5 Final Considerations 

This chapter presents the conclusions of this work. First, some general 

considerations about the proposal are detailed, and then the next steps of this 

research are outlined. Finally, the main expected contributions of this 

research are discussed, both to the industry and to the academia. 

5.1 Final Remarks 

As mentioned at the beginning of this work, the occurrence of TD in software projects 

is almost inevitable. Therefore, TD needs to be managed throughout the development process 

as a strategy to deal with the trade-offs related to constant demands for software deliveries 

and the problems associated with internal quality, which bring risks to maintaining and evolving 

software products. 

Although there are technologies directed at handling TD, most of them deal with specific 

types of TD, mainly those related to source code. Therefore, there is the need for the 

technologies adopting a management perspective to deal with the different TD types that may 

be incurred during the software development process, aiming to minimize the risks that such 

debts may bring to the software's internal quality and project ecosystem. Therefore, the 

objective of this research proposal provides a solution to handle the presented gap. Based on 

our investigations, we hypothesize that the framework proposed may be a useful and 

straightforward strategy to assist the software development organizations in the handling of 

the risks associated to the maintenance and evolution of their software products when TD is 

intentionally or unintentionally incurred in their project. 

5.2 Ongoing and Future Activities 

Regarding the ongoing and future activities, they are: 

A. Evolution of the framework proposed considering the questions that are still open in 

this research proposal, as presented in Chapter 4. These questions are reinforced 

below: 

I.  At the present moment, the researcher is conducting investigations in order 

to evolve the proposed instrument (see section 4.3.3) to be used in assessing 

the impact of TD items on software’s internal quality. The objective is to 

provide an instrument that can minimize subjectivity during the assessment. 

II. What scale would be appropriate for this assessment? 

We are investigating scales that can be appropriate to this assessment. 
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III. How to support the decision making regarding the payment or monitoring of 

TD items, considering their impact on the internal quality and the dependency 

among them? 

This open question refers to the TD prioritization strategy proposed. We need 

to investigate approaches that can be used to properly structure this strategy. 

B. Implementation of the computational infrastructure 

After evolving the framework addressing the research questions described 

above, we intend to implement the proposed computational infrastructure. 

C. Framework evaluation 

The last stages of this research aim to evaluate the framework proposed, 

considering the research questions stated in Section 1.3. 

5.3 Expected Contributions of the Thesis 

As expected contributions of this thesis, we envision: 

• For the software industry → provide a technology for supporting the forecasting 

and management of technical debt, considering the project context. We expect 

that, when using the technology proposed, software organizations start taking 

into consideration the importance of managing the different TD types from the 

initial stages of their projects, as a strategy to anticipate the possible risks 

associated with the maintenance and evolution of their software products. 

• For the academia (software engineering field) → the main contribution of this 

doctoral research to the academia is the structuring of a body of knowledge about 

technical debt and its management in software projects (a report on the doctoral 

research as well as of the technology proposed to be developed). Also, we 

envision the possibility to design a research protocol with the aim of enabling 

other researchers to evolve the technology proposed. 
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5.3.1 Publications 

Table 5.1 contextualizes the publications undertaken during this doctoral research. 

Table 5.1- Papers 

Context: This study was undertaken in the context of a course, in collaboration with another 
researcher from the ESE-Group. The investigated theme of this doctoral research (Technical Debt) 
was identified when undertaking the study mentioned below. (motivation) 

DE FRANÇA, B. B. N; JERONIMO JUNIOR, H; TRAVASSOS, G. H. Characterizing DevOps by 
Hearing Multiple Voices. In: the 30th Brazilian Symposium, 2016, Maringá. Proceedings of the 
30th Brazilian Symposium on Software Engineering - SBES '16. New York: ACM Press. p. 53-62. 

Context: The position paper mentioned below briefly discusses the preliminary results of the 
literature review and qualitative analysis presented in Chapter 2. 

JERONIMO JUNIOR, H. Technical Debt in Software Projects: is it more than just a metaphor?. 
In: II Workshop em Qualidade de Produtos de Software, 2017, Rio de Janeiro. Anais do II Workshop 
em Qualidade de Produtos de Software, 2017. 

Context: The paper mentioned below reports the results of a study undertaken in the context of a 
master dissertation research by another member from the ESE-Group, which the researcher of this 
doctoral research had the opportunity to collaborate with the study presented in the paper. The 
results also provided insights into this doctoral proposal. (Best Paper Award -  Invited to submit an 
extended version to a journal) 

SILVA, V. M.; JERONIMO JUNIOR, H.; TRAVASSOS, G. H. A Taste of the Software Industry 
Perception of Technical Debt and its Management in Brazil. In: XXI Iberoamerican Conference 
on Software Engineering (CIbSE 2018), 2018, Bogatá. Proc. of CIbSE 2018. Bogatá, 2018. v. 1. p. 
1-10.  

Context: The paper presented below gathers the results from a survey (the study presented in the 
article mentioned above) and the results of the SLR (presented in chapter 3) to produce a summary 
of the available technologies to manage TD, which were synthesized in evidence briefings to 
facilitate their use by software practitioners in the industry) 

SILVA, V. M.; JERONIMO JUNIOR, H.; TRAVASSOS, G. H. 2018. Technical Debt Management 
in Brazilian Software Organizations: A Need, an Expectation, or a Fact? In Proceedings of the 
Brazilian Symposium on Software Quality (SBQS’18). ACM, Curitiba, PR, Brazil. 

Besides, we intend to submit the full results of the studies presented in Chapter 2 and 

3 to “TechDebt 2019 International Conference on Technical Debt3” and/or to “Journal Systems 

and Software4.” Additionally, based on the results from the next steps of this doctoral research, 

we intend to submit other articles to conferences and journals. 

  

                                                

3
 https://2019.icse-conferences.org/track/TechDebt-2019 

4
 https://www.journals.elsevier.com/journal-of-systems-and-software 
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Appendix A – Information on the data from the 

Structured Literature Review and Qualitative 

Synthesis 

A.1 Data Sources 

ID Complete Reference Classification Main Topics 
Control 
Study 

# 
Included 
Primary 
Sources 

SS1 Tom, Edith, Aybüke Aurum, and Richard T. Vidgen. "A 
Consolidated Understanding of Technical Debt." ECIS. 
2012. 

SLR Theoretical 
Aspects 

(understanding 
and concepts of 

TD) 

x 
 

19 

SS2 

Tom, Edith, Aybüke Aurum, and Richard Vidgen. "An 
exploration of technical debt." Journal of Systems and 
Software 86.6 (2013): 1498-1516. 

MRL Theoretical 
Aspects 

(understanding 
and concepts of 

TD) 

x 35 

SS3 Villar, Alberto, Santiago Matalonga, and Montevideo 
Uruguay. "Definiciones y tendencia de deuda técnica: Un 
mapeo sistemático de la literatura." Memorias de la XVI 
Conferencia Iberoamericana de Ingeniería de Software 
CIbSE 2013. 2013. 

SMS Theoretical 
Aspects 

(understanding 
and concepts of 

TD) 

 122 

SS4 

Ampatzoglou, Areti, et al. "The financial aspect of 
managing technical debt: A systematic literature 
review." Information and Software Technology 64 (2015): 
52-73. 

SLR TD Management  69 

SS5 Li, Zengyang, Paris Avgeriou, and Peng Liang. "A 
systematic mapping study on technical debt and its 
management." Journal of Systems and Software 101 
(2015): 193-220. 

SMS Theoretical 
Aspects 

(understanding 
and concepts of 

TD) &TD 
Management 

x 94 

SS6 Besker, Terese, Antonio Martini, and Jan Bosch. "A 
systematic literature review and a unified model of 
ATD." Software Engineering and Advanced Applications 
(SEAA), 2016 42nd Euromicro Conference on. IEEE, 2016. 

SLR Theoretical 
Aspects 

(understanding 
and concepts of 

TD) & TD 
Management  

 26 

SS7 Ribeiro, Leilane Ferreira, et al. "Decision Criteria for the 
Payment of Technical Debt in Software Projects: A 
Systematic Mapping Study." ICEIS 2016 (2016): 572. 

SMS TD Management  38 

SS8 Alves, Nicolli SR, et al. "Identification and management of 
technical debt: A systematic mapping study." 
Information and Software Technology 70 (2016): 100-121. 

SMS Theoretical 
Aspects 

(understanding 
and concepts of 

TD) &TD 
Management 

x 100 

SS9 Fernández-Sánchez, Carlos, et al. "Identification and 
analysis of the elements required to manage technical 
debt by means of a systematic mapping study." Journal 
of Systems and Software 124 (2017): 22-38. 

SMS TD Management   63 

SS1
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Behutiye, Woubshet Nema, et al. "Analyzing the concept 
of technical debt in the context of agile software 
development: A systematic literature review." 
Information and Software Technology 82 (2017): 139-158. 

SLR Theoretical 
Aspects 

(understanding 
and concepts of 
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A.2 Quality Assessment 

Quality Assessment of Papers 

ID Q1 Q2 Q3 Q4 Q5 Sum 

S1 1,0 0,5 0,0 1,0 0,5 3,0 

S2 1,0 0,0 1,0 0,5 0,5 3,0 

S3 1,0 1,0 0,0 0,0 0,5 2,5 

S4 1,0 1,0 0,5 1,0 1,0 4,5 

S5 1,0 1,0 0,5 1,0 0,5 4,0 

S6 1,0 1,0 0,5 1,0 0,5 4,0 

S7 1,0 0,5 0,0 0,5 0,5 2,5 

S8 1,0 1,0 0,0 0,5 0,5 3,0 

S9 1,0 1,0 1,0 1,0 0,5 4,5 

S10 1,0 1,0 1,0 1,0 0,5 4,5 
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Appendix B – Information on the data from the 

qSLR about TDM technologies 

 

B.1 Data Sources (Included papers) 

ID Paper Year 

S1 A benchmarking-based model for technical debt calculation 2014 

S2 A case study in locating the architectural roots of technical debt 2015 

S3 A contextualized vocabulary model for identifying technical debt on code comments 2015 

S4 A debt-aware learning approach for resource adaptations in cloud elasticity management 2017 

S5 A decision-support system approach to economics-driven modularity evaluation 2014 

S6 
A fluctuation-based modeling approach to quantification of the technical debt on mobile 
cloud-based service level 

2015 

S7 A formal approach to technical debt decision making 2013 

S8 
A framework for estimating interest on the technical debt by monitoring developer activity 
related to code comprehension 

2014 

S9 A game theoretic formulation of the technical debt management problem in cloud systems 2017 

S10 A portfolio approach to technical debt management 2011 

S11 
A semi-automated framework for the identification and estimation of Architectural 
Technical Debt: A comparative case-study on the modularization of a software component 

2018 

S12 A strategy based on multiple decision criteria to support technical debt management 2017 

S13 A threshold-based approach to technical debt 2012 

S14 An empirical model of technical debt and interest 2011 

S15 
An empirically developed method to aid decisions on architectural technical debt 
refactoring: AnaConDebt 

2016 

S16 An open tool for assisting in technical debt management 2017 

S17 Architectural debt management in value-oriented architecting 2014 

S18 
Architectural technical debt identification based on architecture decisions and change 
scenarios 

2015 

S19 Architecture viewpoints for documenting architectural technical debt 2016 

S20 Assessing technical debt by identifying design flaws in software systems 2012 

S21 CloudMTD: Using real options to manage technical debt in cloud-based service selection 2013 

S22 DebtFlag: Technical debt management with a development environment integrated tool 2013 

S23 Designite - A software design quality assessment tool 2016 

S24 
Developing processes to increase technical debt visibility and manageability - An action 
research study in industry 

2016 

S25 Estimating the breaking point for technical debt 2015 

S26 Estimating the principal of an application's technical debt 2012 

S27 Gamification: A game changer for managing technical debt? A design study 2018 

S28 How “specification by example” and test-driven development help to avoid technical debt 2016 

S29 Identifying and quantifying architectural debt 2016 

S30 
Identifying and visualizing architectural debt and its efficiency interest in the automotive 
domain: A case study 

2015 

S31 Identifying self-admitted technical debt in open source projects using text mining 2017 

S32 
Integrating technical debt management and software quality management processes: A 
normative framework and field tests 

2017 

S33 JSpIRIT: A flexible tool for the analysis of code smells 2015 

S34 Lessons learned from the ProDebt research project on planning technical debt strategically 2017 

S35 Managing technical debt with the SQALE method 2012 

S36 Measuring and monitoring technical debt 2011 

S37 
Minimizing refactoring effort through prioritization of classes based on historical, 
architectural and code smell information 

2016 

S38 Minimizing technical debt: Developer's viewpoint 2012 

S39 On the role of requirements in understanding and managing technical debt 2012 

S40 On the value of a prioritization scheme for resolving the self-admitted technical debt 2018 

S41 Practical technical debt discovery by matching patterns in assessment graph 2016 

S42 A pragmatic approach for managing technical debt in legacy software project 2016 
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ID Paper Year 

S43 Prioritizing design debt investment opportunities 2011 

S44 
Prioritizing technical debt in database normalization using portfolio theory and data quality 
metrics 

2018 

S45 Recommending when technical design debt should be self-admitted 2017 

S46 Restraining technical debt when developing large-scale Ajax applications 2013 

S47 Rework effort estimation of self-admitted technical debt 2016 

S48 Searching for build debt: Experiences managing technical debt at Google 2012 

S49 Selling the investment to pay down technical debt: The code Christmas tree 2011 

S50 
Software implementation knowledge management with technical debt and network 
analysis 

2014 

S51 
SonarQube as a tool to identify software metrics and technical debt in the source code 
through static analysis 

2017 

S52 Startups and technical debt: Managing technical debt with visual thinking 2017 

S53 Supporting technical debt cataloging with TD-tracker tool 2015 

S54 
Sustainability debt: A portfolio-based approach for evaluating sustainability requirements in 
architecture 

2016 

S55 
Systematic elaboration of compliance requirements using compliance debt and portfolio 
theory 

2014 

S56 Technical debt management in the Brazilian federal administration 2015 

S57 Technical debt management with genetic algorithms 2016 

S58 Technical debt principal assessment through structural metrics 2017 

S59 Technical debt prioritization using predictive analytics 2016 

S60 Technical debt reduction using a game theoretic competitive source control approach 2015 

S61 Technical debt reduction using search-based automated refactoring 2016 

S62 
Toward measuring defect debt and developing a recommender system for their 
prioritization 

2015 

S63 Towards a model for optimizing technical debt in software products 2013 

S64 Towards a modularity-based technical debt prioritization approach 2016 

S65 Towards a prioritization of code debt: A code smell intensity index 2015 

S66 Towards a technical debt-management framework based on cost-benefit analysis 2015 

S67 
Towards an open-source tool for measuring and visualizing the interest of the technical 
debt 

2015 

S68 Towards proactive management of technical debt by software metrics 2015 

S69 
Towards triaging code-smell candidates via runtime scenarios and method-call 
dependencies 

2017 

S70 Understanding test debt 2017 

S71 Using analytics to quantify interest in the self-admitted technical debt 2016 

S72 Using natural language processing to automatically detect self-admitted technical debt 2017 

S73 Using real options to manage technical debt in requirements engineering 2015 

S74 
VisMinerTD - An open source tool to support the monitoring of the technical debt evolution 
using software visualization 

2015 

S75 Visualizing architectural dependencies 2012 

S76 Visualizing and managing technical debt in agile development 2013 

S77 When-to-release decisions in consideration of technical debt 2014 
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B.2 Source and Source Types  

ID Source Source Type 

S1 International conference on quality software Conference 

S2 International conference on software engineering Conference 

S3 International workshop on managing technical debt  Workshop 

S4 International conference on service-oriented computing Conference 

S5 Economics-driven software architecture Book Chapter 

S6 Globecom workshops  Workshop 

S7 International ACM Sigsoft conference on quality of software architectures Conference 

S8 International workshop on managing technical debt  Workshop 

S9 International conference on telecommunications Conference 

S10 International workshop on managing technical debt Workshop 

S11 Information and software technology Journal 

S12 Euromicro conference on software engineering and advanced applications Conference 

S13 ACM Sigsoft software engineering notes Journal 

S14 International workshop on managing technical debt Workshop 

S15 International conference on software engineering companion Conference 

S16 Euromicro conference on software engineering and advanced applications Conference 

S17 Economics-driven software architecture Book Chapter 

S18 Working IEEE/IFIP conference on software architecture (WICSA) Conference 

S19 Software quality assurance Book Chapter 

S20 IBM Journal of research and development Journal 

S21 International workshop on managing technical debt  Workshop 

S22 International workshop on managing technical debt  Workshop 

S23 
International workshop on bringing architectural design thinking Into developers’ 
daily activities 

Workshop 

S24 International conference product-focused software process improvement Conference 

S25 International workshop on managing technical debt Workshop 

S26 IEEE Software Journal 

S27 ArXiv preprint Other 

S28 International workshop on managing technical debt Workshop 

S29 International conference on software engineering Conference 

S30 International workshop on managing technical debt Workshop 

S31 Empirical software engineering Journal 

S32 IEEE Transactions on software engineering Journal 

S33 International Conference of the Chilean computer science society Conference 

S34 International conference on product-focused software process improvement  Conference 

S35 IEEE Software Journal 

S36 Advances in computers Book Chapter 

S37 International workshop on technical debt analytics  Workshop 

S38 
International conference on software engineering and mobile application 
modeling and development  

Conference 

S39 International workshop on managing technical debt Workshop 

S40 Journal of systems and software Journal 

S41 International workshop on managing technical debt Workshop 

S42 India software engineering conference  Conference 

S43 International workshop on managing technical debt Workshop 

S44 International workshop on managing technical debt Conference 

S45 Software maintenance and evolution  Conference 

S46 International conference on building and exploring web-based environments Conference 

S47 International workshop on technical debt analytics Workshop 

S48 International workshop on managing technical debt Workshop 

S49 Agile Conference Conference 

S50 International conference on research challenges in information science Conference 

S51 International workshop on computer science and engineering Workshop 

S52 International workshop on software engineering for startups Workshop 

S53 Advances in software engineering Journal 

S54 International conference on software engineering companion Conference 

S55 
Working conference on requirements engineering: a foundation for software 
quality 

Conference 

S56 Brazilian workshop on agile methods Workshop 
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ID Source Source Type 

S57 Euromicro conference on software engineering and advanced applications Conference 

S58 Euromicro conference on software engineering and advanced applications Conference 

S59 International conference on software engineering companion Conference 

S60 International conference on computer applications in industry and engineering Conference 

S61 Journal of systems and software Journal 

S62 International doctoral symposium on empirical software engineering Symposium 

S63 International workshop on managing technical debt Workshop 

S64 Full-scale software engineering/Current trends in release engineering Other 

S65 International workshop on managing technical debt Workshop 

S66 International conference on software engineering advances Conference 

S67 International workshop on managing technical debt Workshop 

S68 Symposium on programming languages and software tools Symposium 

S69 XP Workshops Workshop 

S70 Trends in software testing Journal 

S71 International workshop on technical debt analytics Workshop 

S72 IEEE Transactions on software engineering Journal 

S73 International requirements engineering conference Conference 

S74 International conference on enterprise systems Conference 

S75 International workshop on managing technical debt Workshop 

S76 International conference on Agile software development Conference 

S77 International workshop on managing technical debt Workshop 
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B.3 Quality Assessment 

Quality assessment of papers 

ID Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Sum  ID Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Sum 

S1 1.0 0.5 0.5 0.5 0.5 1.0 0.0 0.6 4.6  S40 1.0 0.5 1.0 1.0 0.5 1.0 1.0 0.6 6.6 

S2 0.5 1.0 0.5 1.0 1.0 0.5 0.0 0.8 5.3  S41 1.0 0.5 1.0 1.0 1.0 0.5 0.0 0.6 5.6 

S3 1.0 0.5 1.0 1.0 1.0 0.0 1.0 0.6 6.1  S42 1.0 0.5 0.5 1.0 1.0 0.5 0.0 0.8 5.3 

S4 0.5 1.0 0.5 1.0 0.0 0.5 1.0 0.6 5.1  S43 1.0 1.0 1.0 0.5 0.5 0.5 0.0 0.2 4.7 

S5 1.0 0.5 1.0 1.0 0.0 0.0 0.0 0.8 4.3  S44 1.0 1.0 0.5 1.0 0.5 1.0 0.0 0.6 5.6 

S6 1.0 0.5 1.0 1.0 0.5 0.5 0.5 0.2 5.2  S45 1.0 1.0 0.5 0.5 0.5 0.5 0.0 0.6 4.6 

S7 1.0 0.5 0.5 1.0 1.0 1.0 0.5 0.2 5.7  S46 1.0 0.5 1.0 1.0 1.0 0.0 0.0 0.4 4.9 

S8 1.0 0.5 1.0 0.5 0.5 0.5 0.0 0.2 4.2  S47 1.0 0.5 0.5 0.5 0.5 1.0 1.0 0.6 5.6 

S9 1.0 1.0 0.5 0.5 0.5 0.5 0.0 0.2 4.2  S48 0.5 1.0 0.5 0.5 0.0 0.0 0.0 1.0 3.5 

S10 1.0 0.5 0.5 1.0 0.5 0.5 1.0 0.0 5.0  S49 0.5 0.5 0.5 0.5 0.5 1.0 1.0 1.0 5.5 

S11 1.0 1.0 1.0 0.5 0.5 1.0 1.0 0.8 6.8  S50 0.5 0.5 0.5 0.5 0.5 1.0 1.0 0.0 4.5 

S12 1.0 0.5 0.5 1.0 0.5 1.0 1.0 0.6 6.1  S51 1.0 0.5 0.5 0.5 0.0 1.0 0.0 0.6 4.1 

S13 1.0 0.5 0.5 0.5 0.0 1.0 1.0 0.8 5.3  S52 0.5 0.5 0.5 0.5 0.5 0.5 0.0 0.0 3.0 

S14 1.0 0.5 1.0 1.0 0.5 1.0 1.0 1.0 7.0  S53 1.0 1.0 1.0 1.0 0.5 0.5 0.0 0.2 5.2 

S15 1.0 1.0 1.0 0.5 0.5 0.5 1.0 0.8 6.3  S54 1.0 0.5 0.5 0.5 0.0 1.0 1.0 0.6 5.1 

S16 1.0 0.5 1.0 1.0 0.5 0.5 0.0 0.0 4.5  S55 1.0 1.0 0.5 0.5 0.0 1.0 1.0 0.2 5.2 

S17 1.0 1.0 1.0 0.5 0.5 0.5 0.0 0.8 5.3  S56 1.0 0.5 1.0 0.5 0.5 0.5 0.0 0.0 4.0 

S18 1.0 1.0 1.0 0.5 0.5 1.0 1.0 0.8 6.8  S57 1.0 0.5 0.5 0.5 1.0 1.0 0.0 0.6 5.1 

S19 1.0 1.0 1.0 0.5 0.5 0.5 1.0 0.8 6.3  S58 1.0 1.0 0.5 0.5 0.0 1.0 1.0 0.6 5.6 

S20 1.0 1.0 0.5 1.0 0.5 1.0 1.0 0.6 6.6  S59 1.0 0.5 1.0 0.5 0.0 1.0 0.0 0.0 4.0 

S21 1.0 1.0 1.0 0.5 0.5 0.5 0.0 0.2 4.7  S60 1.0 0.5 0.5 0.5 0.0 1.0 0.0 0.6 4.1 

S22 1.0 0.5 0.5 1.0 1.0 1.0 1.0 0.0 6.0  S61 1.0 0.5 0.5 0.5 0.0 1.0 1.0 0.6 5.1 

S23 1.0 1.0 0.5 1.0 0.5 0.5 0.5 0.6 5.6  S62 1.0 1.0 1.0 0.5 0.0 0.5 0.0 0.0 4.0 

S24 1.0 0.5 1.0 0.5 0.5 1.0 1.0 0.8 6.3  S63 1.0 0.5 0.5 0.0 0.0 1.0 0.0 0.0 3.0 

S25 1.0 0.5 0.5 1.0 0.5 0.5 1.0 0.2 5.2  S64 1.0 1.0 1.0 1.0 0.0 0.0 1.0 0.2 5.2 

S26 1.0 0.5 1.0 0.5 0.5 0.5 0.5 0.2 4.7  S65 1.0 0.5 0.5 0.5 0.0 1.0 1.0 0.6 5.1 

S27 1.0 0.0 0.5 0.5 1.0 0.5 0.5 0.4 4.4  S66 1.0 0.5 1.0 1.0 0.0 0.0 0.5 0.0 4.0 

S28 1.0 0.5 0.5 0.5 0.5 1.0 0.0 0.8 4.8  S67 1.0 0.5 1.0 0.5 0.0 1.0 1.0 0.2 5.2 

S29 1.0 1.0 1.0 0.5 0.5 0.5 1.0 0.2 5.7  S68 0.5 0.5 0.5 0.5 0.0 1.0 1.0 1.0 5.0 

S30 1.0 1.0 0.5 0.5 0.5 0.5 1.0 0.8 5.8  S69 1.0 0.5 0.5 0.5 0.0 0.5 0.5 0.2 3.7 

S31 1.0 0.5 1.0 0.0 0.5 0.5 1.0 0.6 5.1  S70 1.0 1.0 1.0 0.5 0.5 0.5 0.0 0.8 5.3 

S32 1.0 0.5 0.5 1.0 0.5 1.0 1.0 0.8 6.3  S71 1.0 1.0 1.0 0.5 0.0 0.5 0.5 0.2 4.7 

S33 1.0 1.0 1.0 1.0 0.5 1.0 0.0 0.2 5.7  S72 1.0 0.5 1.0 1.0 0.5 1.0 1.0 0.6 6.6 

S34 1.0 0.5 1.0 0.5 1.0 1.0 1.0 0.8 6.8  S73 1.0 1.0 0.0 0.5 0.5 1.0 1.0 0.2 5.2 

S35 1.0 0.5 1.0 1.0 0.5 0.0 1.0 0.2 5.2  S74 1.0 0.5 1.0 0.5 0.5 1.0 1.0 0.2 5.7 

S36 1.0 0.5 1.0 1.0 0.5 0.5 0.5 0.2 5.2  S75 1.0 1.0 0.5 0.0 0.5 1.0 0.0 0.8 4.8 

S37 1.0 0.5 1.0 1.0 0.5 0.5 1.0 0.2 5.7  S76 1.0 0.5 0.5 0.5 1.0 1.0 0.0 1.0 5.5 

S38 0.5 0.5 1.0 0.5 0.5 0.0 0.0 0.8 3.8  S77 1.0 0.5 1.0 0.5 0.5 1.0 1.0 0.2 5.7 

S39 1.0 0.5 0.5 0.5 0.5 0.5 0.0 0.0 3.5   
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B.4 Descriptions of Technologies 

ID Description 

S1 Approach for Calculating Remediation Costs of TD on benchmarking-oriented quality assessments. 

S2 
Approach/Strategy to identify and quantify software architecture as a set of design rule spaces 
(DRSpaces). 

S3 
Contextualized Vocabulary Model to identify TD on code comments (CVM-TD). CVM-TD uses word classes 
and code tags to support TD identification. 

S4 
A technical debt-aware learning approach for autonomous elasticity management based on a reinforcement 
learning of debts in resource provisioning; the adaptation pursues strategic decisions that value the 
potential utility produced by the gaps between resource supply and demand. 

S5 
A decision-support system (DSS) approach to the modularity debt management. Using such a system, 
managers would be able to play out various “what-if” scenarios to make informed decisions regarding 
refactoring. 

S6 
A novel fluctuation-based quantification model and a quantification tool as a proof-of-concept, which is 
based on a cost-benefit appraisal, intending to quantify and evaluate the technical debt on mobile cloud-
based service level, when fluctuations in demand occur. 

S7 
A detailed, formal analysis of decision making on technical debt in development. It considers the effective 
technical debt. This approach takes into account the cost of changes in each step evolution. 

S8 
A framework that continuously estimates interest payments using code comprehension metrics produced 
by a tool that monitors developer activities in the Integrated Development Environment. 

S9 
A game theoretic formulation of the technical debt management problem on the cloud-based service level. 
A technical debt measurement game is constructed, parameterizing the current number of players per 
service, while each new end-user can choose any of the offered cloud-based services. 

S10 
A portfolio approach that leverages the portfolio management theory in the finance domain to determine the 
optimal collection of technical debt items that should be incurred or held. The core component of the 
proposed approach is a “technical debt list.” 

S11 
A technique to identify Architectural Technical Debt in the form of a non-modularized component and to 
quantify the convenience of its repayment. It uses a holistic framework for the semi-automated identification 
and estimation of Architectural Technical Debt in the form of non-modularized components. 

S12 
A TDM strategy, named TD Manager that uses multiple decision criteria to evaluate debt items in order to 
facilitate decision making on their payment. 

S13 An approach for establishing program specific thresholds to define manageable levels of technical debt. 

S14 
An approach to quantify debts and interest. The estimating taking accounts the rework fraction and rebuilds 
value. 

S15 
A method called AnaConDebt that aid architects and managers to understand if Architecture Technical 
Debt will generate a costly and growing interest to be paid (refactoring) or not. 

S16 
A tool (TEDMA tool) for monitoring technical debt over the software evolution and that it is open to integrate 
third-party tools. TEDMA is based on the analysis of source code repositories and is useful for research 
using empirical data extracted from software projects. 

S17 
A Decision-Based ATDM approach, which it is based on a conceptual model of ATD, a template for 
Documentation an ATD item and a process of ATDM. 

S18 
An ATD identification approach based on architecture decisions and change scenarios. The primary goal is 
supporting for identification ATD based on ADs made during the architecting process and change scenarios 
for software maintenance and evolution. 

S19 
An approach based on a set of architecture viewpoints related to ATD (ATD viewpoints in short), which it 
aims to facilitate the documentation of ATD through adopting the architecture documentation approach 
mandated by ISO/IEC/IEEE 42010 (ISO/IEC/IEEE, 2011), which is based on architecture viewpoints. 

S20 A framework for assessing technical debt by exposing debt symptoms at the design level. 

S21 
An option-based approach to inform the selection of candidate web services with different costs, utilities 
and value they imply on the system. 

S22 
A tool for capturing, tracking and resolving technical debt in software projects. DebtFlag integrates into the 
development environment and provides developers with lightweight documentation tools to capture 
technical debt and link them to corresponding parts in the implementation. 

S23 
Designite is a software design quality assessment tool. It offers comprehensive support to detect a wide 
variety of design smells and computes various metrics at different granularities. 

S24 
A process for technical debt identification, documentation, and prioritization. The outcome of this study 
includes new processes to increase the visibility and manageability of technical debt, which can be used in 
the future for better decision-making. 

S25 
An approach for estimating the technical debt breaking point, based on a search-based optimization tool 
that is capable of identifying the distance of actual object-oriented design to the corresponding optimum 
one. It is based on the principal and interest values. 
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ID Description 

S26 
A formula with adjustable parameters for estimating the principal of technical debt from structural quality 
data. 

S27 
A customized gamification tool, Themis that integrates with the project version control tool as well as with 
the SonarQube tool for identifying and measuring TD. Themis uses gamified features such as points, 
leaderboards, and challenges as a way to motivate developers and help managers with TDM. 

S28 
The use of "specification by example" methodology and test drive development to help to avoid the 
accumulation of technical debt. 

S29 
An approach for identifying and quantifying architectural debt, describing a novel history coupling probability 
matrix for this purpose, and identify architecture debts using 4 patterns of architectural flaws shown to 
correlate with reduced software quality. 

S30 
A visualization tool to provide a suitable representation of the ATD items and their interest previously 
elicited. The tool automatically collects the necessary data from models and databases, and compare the 
high-level architecture with the detailed design, calculating the technical debt and visualize it. 

S31 
A text mining-based approach to automatically detect self-admitted technical debt in source code 
comments. 

S32 
A normative process framework that systematically incorporates steps for managing technical debt in 
commercial software production. 

S33 
A flexible tool to identify and prioritize technical debt in the form of code smells. The tool is flexible to allow 
developers to add new smell detection strategies and to prioritize smells, and groups of smells, based on 
the configuration of their various criteria. 

S34 
The ProDebt approach aims at developing an innovative methodology and a software tool to support the 
strategic planning of technical debt in the context of agile software development. 

S35 
The SQALE method defines additional indexes and indicators to analyze and understand the debt. For this, 
the method organizes and groups requirements according to a specific chronology. 

S36 A framework to support technical debt management. 

S37 An approach for identifying and prioritizing object-oriented software classes in need of refactoring. 

S38 Set of thirteen steps with practices for reducing TD. 

S39 
Requirements modeling tool, RE-KOMBINE. It represents technical debt using 
the notion of optimal solutions to a requirements problem. 

S40 
A framework which it is a set of steps - a prioritization scheme to provide a framework for minimizing self-
admitted technical debt (SATD) based on identified textual indicators by Potdar and Shihab (2014). It is 
based on a text mining algorithm to mine indicative source code comments of SATD. 

S41 
Assessment Graph, a graph of artifacts relevant to a typical architectural assessment, formulating everyday 
assessment tasks as graph matching patterns, thus building TD discovery and assessment patters. 

S42 Four stages of pragmatic approach to managing technical debt in legacy systems. 

S43 
An approach to using cost/benefit analysis to prioritize technical debt reduction work by ranking the value 
and interest of design debt caused by god classes. The method is based on metric analysis and software 
repository mining. 

S44 
Approach to minimize the negative impact of the debt tables on performance taking into consideration the 
likely growth rate of the table size and henceforth, the risk of interest accumulation. 

S45 
A machine learning approach named TEDIOUS (TEchnical Debt IdentificatiOn System), which leverages 
various kinds of method-level features as independent variables, including source code structural metrics, 
readability metrics and warnings raised by static analysis tools.  

S46 
The process to apply behavior-preserving transformations to the code in a way that the resulting code 
provides better reusability, compatibility among different components, and simplicity of the iterative software 
design process. 

S47 A text mining technique for mining self-admitted technical debt tasks using source code comments. 

S48 An approach to control and repay build debt. 

S49 Visualization approach called code Christmas tree. 

S50 
An approach to applying knowledge management practices in the technical debt management, using 
previously presented tool, DebtFlag. 

S51 Platform to manage and control the code quality in seven axes through the SQALE method. 

S52 
Duct taped technical debt, consisting of taking a duct tape roll and cutting a piece every time you issue 
technical debt. 

S53 
An approach to creating an integrated catalog of technical debts from different software development tasks. 
The approach is implemented by TD-Tracker tool, which can integrate different TD identification tools and 
import identified debts.  

S54 
An economics-driven architectural evaluation method which extends the Cost Benefits Analysis Method 
(CBAM) and integrates principles of modern portfolio theory to evaluate software architecture design 
decisions for sustainability. 

S55 
An economics-driven solution, which elaborates on the notion of obstacles handling in goal-oriented 
requirements engineering by using portfolio-based thinking and compliance debt analysis to manage 
compliance goals and their obstacles systematically. 
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ID Description 

S56 A model for the identification and measurement of the TD. 

S57 
An approach and tool to help organizations in decision making about developing new features or paying 
back known technical debt. 

S58 Predictive model to quantify TD principal. 

S59 
A framework which makes use of a plethora of techniques ranging from data mining to prediction and 
decision models that project managers can use in their decision-making process to determine which 
technical debt is more critical and should be addressed first. 

S60 
A productivity game in the form of a competitive source control plug-in called the Build Game plug-in, which 
rewards technical debt-reducing actions. 

S61 
A specific strategy to combine refactoring techniques, search approaches and software metrics to reduce 
TD. 

S62 An approach for measuring the principals and interests of defect debt. 

S63 
An optimization model that contrasts the patterns of technical debt accumulation in a software product with 
the patterns of consumer adoption of the product throughout its evolution. 

S64 A prioritization approach for modularity debt. 

S65 
Intensity Index, to be used as an estimator to determine the most critical instances, prioritizing the 
examination of smells and, potentially, their removal. 

S66 
An approach called Cost-Benefit based Technical Debt Management (CoBeTDM). Its overall goal is to 
provide a framework to manage and reduces TD based on cost-benefit analysis for each release. 

S67 MIND, an open-source tool to support the quantification and visualization of the interest. 

S68 Specific software development process for TD management using metrics. 

S69 
Approach to obtain tailorable design documentation for object-oriented systems based on runtime tests, 
supporting a tool-supported triaging of code-smell candidates. 

S70 Set of strategies for repaying test debt. 

S71 
An approach to use code metrics, in particular, the well-known Lines of Code (LOC) and Fan-In, to 
measure interest. 

S72 
An approach to automatically identify design and requirement self-admitted technical debt using Natural 
Language Processing (NLP). A Java-based tool reads from the database the data obtained by parsing the 
source code. 

S73 A systematic method to apply the real options approach to manage the requirements of debt decisions. 

S74 
A tool, called VisMinerTD that aims to support developers in the identification and monitoring of TD in 
software projects. 

S75 
A modeling approach for visualizing dependency relationships as an extension of current approaches, and 
to support a general architectural knowledge capture, being better suited for heterogeneous environments. 

S76 
A technical debt board with main technical debt categories to manage and visualize the high-level debt, 
combined with tools to measure it at a low level (software metrics and another kind of static analysis). 

S77 
A methodology to effectively estimate technical debt, while considering debt in determining when-to-release 
product planning. 
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B.5 Backgrounds for the selected TDM technologies by 

Studies 

Background Studies # studies 

Software metrics 
S8; S11; S13; S14; S16; S20; S23; S26; S29; S30; 
S33; S34; S35; S37; S39; S40; S42; S43; S45; S51; 
S56; S58; S60; S64; S65; S67; S68; S71; S74 

29 

Software process 
S2; S15; S17; S18; S24; S32; S48; S50; S53; S59; 
S66; S69; S70; S75; S77 

15 

Text mining S3; S31; S47 3 

Cost-benefit analysis S6; S54 2 

Portfolio management approach S10; S44; S55 3 

Real options S5; S21; S73 3 

Software development practices S22; S28; S38 3 

Games S9; S27 2 

Reinforcement learning S4; S63 2 

Search Based S25; S61 2 

Software design S41; S46 2 

Software quality assessment S1; S36 2 

Visualization Techniques S52; S76 2 

Architecture documentation S19 1 

Business Value S63 1 

Cost-based formalization S7 1 

Genetic algorithms S57 1 

Multicriteria decision S12 1 

Natural language processing S72 1 

Visual thinking S52 1 

 

 

 

Measurement

Identification

Prioritization

Monitoring

Prevention

Documentation/Representation

Repayment

Communication

0 10 20 30 40 50

Software metrics Software process Text mining

Cost-benefit analysis Portfolio management approach Real options

Software development practices Games Reinforcement learning

Search Based Software design Software quality assessment

Vizualization Techniques Architecture documentation Business Value

Cost-based formalization Financial interest Genetic algorithms

Multicriteria decision Natural language processing Visual thinking
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B.6 Source artifacts for the selected studies 

Project artifact Studies # studies 

Source code 

S1; S2; S3; S5; S8; S11; S13; S14; S15; S16; S20; S22; 
S23; S25; S26; S29; S31; S33; S34; S35; S37; S40; S41; 
S42; S43; S45; S46; S47; S49; S50; S51; S52; S53; S56; 
S57; S58; S59; S60; S61; S63; S65; S68; S74; S71; S72; 
S74; S76 

47 

Any 
S10; S12; S17; S18; S19; S21; S24; S27; S32; S36; S38; 
S66; S77 

13 

Others S8; S10; S29; S31; S45; S46; S51; S73 7 

Financial data on the project S6; S73 2 

Architecture models S54; S75 2 

Requirements elicitation S39; S53 2 

SaaS configuration attributes S4 1 

Software repositories S62; S67 2 

N/A S63 1 

 

B.7 Studies supporting TDM activities 

TDM activity Studies  # studies 

Not specific 

S13; S14; S17; S20; S21; S22; S23; S24; S25; S27; S29; 
S30; S32; S33; S34; S35; S36; S37; S39; S40; S42; S47; 
S48; S49; S50; S52; S53; S54; S55; S56; S62; S65; S66; 
S73; S74; S75; S76; S77 

38 

Measurement 

S1; S2; S4; S5; S6; S7; S8; S9; S10; S11; S13; S14; S15; 
S16; S17; S20; S21; S22; S25; S26; S30; S30; S32; S33; 
S34; S35; S36; S37; S39; S40; S47; S48; S54; S56; S58; 
S61; S62; S65; S67; S78; S71; S75; S77 

43 

Identification 

S2; S3; S5; S11; S12; S13; S14; S17; S18; S20; S21; S23; 
S24; S25; S30; S31; S32; S33; S34; S35; S36; S37; S39; 
S40; S41; S42; S45; S47; S48; S49; S50; S51; S53; S54; 
S55; S63; S65; S66; S69; S72; S74; S76 

42 

Prioritization  
S5; S8; S9; S10; S12; S15; S17; S21; S24; S30; S32; S33; 
S35; S36; S37; S40; S42; S43; S44; S53; S57; S59; S62; 
S64; S65; S66; S73; S76 

28 

Monitoring 
S4; S5; S9; S10; S13; S17; S20; S22; S27; S32; S36; S48; 
S49; S53; S66; S74; S76; S77 

18 

Prevention 
S4; S6; S17; S23; S27; S28; S32; S34; S36; S38; S42; S55; 
S60; S75 

14 

Documentation/ 
Representation 

S10; S17; S19; S22; S24; S30; S32; S36; S39; S42; S50; 
S52; S53; S75; S76 

15 

Repayment S5; S11; S13; S17; S27; S32; S35; S36; S42; S46; S70 11 

Communication S22; S35; S36; S52; S75; S76 6 
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B.8 Studies supporting TD Types 

TD type Studies # studies 

Not specific  

S3; S7; S10; S12; S13; S14; S16; S22; S24; S25; S26; S27; S28; S29; 
S31; S32; S33; S34; S35; S36; S37; S38; S40; S41; S42; S47; S49; S53; 
S54; S55; S57; S59; S60; S61; S63; S64; S65; S66; S68; S71; S72; S74; 
S76; S77 

44 

Code 

S1; S3; S7; S8; S10; S12; S13; S14; S16; S22; S24; S25; S26; S27; S28; 
S29; S30; S32; S33; S34; S35; S36; S37; S38; S40; S41; S42; S46; S47; 
S49; S50; S51; S52; S53; S56; S57; S58; S59; S60; S61; S63; S64; S65; 
S66; S67; S68; S71; S74; S76; S77 

50 

Design 

S3; S5; S7; S10; S12; S13; S14; S16; S20; S22; S23; S24; S25; S26; 
S27; S28; S29; S31; S32; S33; S34; S35; S36; S37; S38; S40; S41; S42; 
S43; S44; S45; S47; S49; S53; S56; S57; S59; S60; S61; S63; S64; S65; 
S69; S71; S72; S74; S76; S77 

48 

Architecture 

S2; S3; S7; S10; S11; S12; S15; S16; S17; S18; S19; S22; S24; S24; 
S26; S27; S28; S29; S30; S31; S32; S33; S34; S35; S36; S37; S40; S40; 
S41; S42; S53; S54; S56; S57; S60; S63; S64; S66; S68; S71; S74; S75; 
S76; S77 

44 

Requirement 
S7; S10; S12; S24; S32; S36; S39; S47; S54; S55; S57; S63; S72; S73; 
S76 

15 

Service S4; S6; S7; S9; S10; S12; S21; S24; S23; S36; S57; S63; S76 
13 

Test 
S7; S10; S12; S13; S24; S32; S36; S47; S49; S53; S57; S63; S68; S70; 
S74; S76 

16 

Documentation S7; S10; S12; S24; S28; S32; S36; S47; S53; S57; S63; S72; S76 
13 

Defect S8; S11; S13; S25; S33; S37; S49; S56; S60; S66; S67; S78; S80 
13 

Build S7; S10; S12; S24; S32; S36; S50; S57; S63; S76 10 

Versioning S7; S10; S12; S24; S32; S36; S57; S63; S72; S76 10 

 

B.9 Studies supporting TD occurrence 

Dimension Studies # studies 

Intentional TD S3; S4; S7; S15; S17; S21; S47; S52; S54; S55; S57; S62; S71; S73 14 

Not specific 
S6; S9; S10; S12; S13; S14; S18; S19; S20; S24; S25; S26; S27; S32; 
S34; S35; S36; S37; S38; S39; S42; S43; S44; S48; S53; S59; S60; 
S66; S69; S70; S74; S75; S76; S77 

34 

Unintentional TD 
S1; S2; S5; S8; S11; S16; S22; S23; S28; S29; S30; S31; S32; S40; 
S41; S45; S46; S49; S50; S51; S56; S58; S61; S63; S64; S65; S67; 
S68; S72 

29 
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B.10 Classification of studies according to the development 

model 

Development model # studies Studies 

Independent of software process 
development 

63 

S1; S2; S3; S4; S5; S6; S8; S9; S10; S11; S12; S13; 
S14; S15; S17; S18; S10; S21; S22; S23; S24; S25; 
S26; S28; S29; S30; S31; S32; S33; S35; S36; S37; 
S38; S39; S40; S41; S42; S43; S45; S47; S48; S50; 
S51; S52; S53; S54; S54; S58; S59; S60; S61; S62; 
S63; S64; S65; S66; S67; S68; S69; S71; S72; S74; 
S75 

Iterative/Agile software 
development 

13 
S7; S16; S20; S27; S34; S44; S46; S49; S56; S57; 
S73; S76; S77 

Waterfall software development 1 S70 

 

B.11 Classification of studies according to the system or 

project domain 

System/Project domain # studies Studies 

Software development 9 S1, S3, S25; S29; S31; S40; S45; S68; S72 

Different domains 6 S5; S26; S32; S34; S37, S41 

Telecommunications 4 S11; S17; S18; S19 

Cloud Applications 2 S4; S9 

Mobile applications 2 S6; S42 

Automotive 1 S30 

Consulting 1 S12 

Financial systems 1 S24 

Government 1 S58 

Health 1 S28 

Oil & Gas 1 S77 

Social networks 1 S21 

N/A 47 

S2; S7; S8; S10; S13; S14; S15; S16; S20; S22; 
S23; S27; S33; S35; S36; S38; S39; S43; S44; S46; 
S47; S48; S49; S50; S51; S52; S53; S54; S55; S57; 
S58; S59; S60; S61; S62; S63; S64; S65; S66; S67; 
S69; S70; S71; S73; S74; S75; S77 
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B.12 Classification of studies according to programming 

language 

 

Programing language # studies Studies 

Not specific to a programming 
language 

21 
S13; S14; S35; S44; S46; S47; S48; S52; 
S54; S55; S56; S59; S62; S64; S68; S69; 
S73; S74; S75; S76; S77 

Java 20 
S1; S2; S3; S5; S20; S22; S25; S27; S33; 
S37; S41; S49; S50; S53; S58; S60; S61; 
S65; S71; S72 

Different programming languages 3 S26; S51; S67 

C 2 S11; S34 

C++ 2 S11; S70 

C# 1 S43 

N/A 28 

S4; S6; S7; S8; S9; S10; S12; S15; S16; S17; 
S18; S19; S21; S24; S28; S29; S30; S31; 
S32; S36; S38; S39; S40; S42; S45; S57; 
S63; S66 

 

B.13 Distribution of the studies according to – Dependence 

on other technologies 

Technology dependence # studies Studies 

Third-party tools 32 

S1; S5; S14; S16; S22; S25; S26; S27; S29; 
S30; S34; S37; S38; S41; S42; S43; S45; S47; 
S50; S51; S53; S59; S60; S61; S65; S66; S67; 
S69; S71; S72; S76; S77 

Proprietary tools 27 
S3; S4; S6; S8; S9; S11; S12; S15; S16; S23; 
S25; S27; S29; S30; S31; S34; S39; S45; S46; 
S47; S48; S50; S53; S49; S65; S69; S72 

Eclipse 5 S22; S31; S33; S50; S65 

Software metrics 5 S13; S44; S58; S61; S68 

Template 4 S10 S17; S18; S24 

Extended third-party tools 4 S20; S31; S33; S59 

Git 3 S60; S77; S74 

Simulation tool 2 S4; S9 

Specific artifacts 2 S19; S32 

SQALE 2 S51; S56 

Version control 2 S5; S50 

Proprietary forms 1 S2 

Proprietary spreadsheets 1 S7 

Specific algorithms 1 S40 

Tracking system 1 S5 

N/A 15 
S5; S21; S28; S35; S36; S52; S54; S55; S57; 
S62; S63; S64; S70; S73; S75 
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B.14 Distribution of the studies over the type of evidence 

Validation of the technology # studies Studies 

Toy example 22 

S6; S7; S8; S9; S21; S25; S26; S29; S33; S35; S36; 
S37; S43; S53; S55; S64; S67; S69; S71; S73; S74; 
S77 

Lab or classroom experiments 20 
S1; S3; S4; S12; S20; S23; S31; S40; S41; 
S44; S45; S47; S51; S54; S57; S58; S60; 
S61; S65; S72 

Case study 16 
S2; S5; S11; S15; S17; S18; S19; S24; S28; 
S30; S32; S34; S38; S42; S70; S75 

No evidence 11 
S10; S16; S22; S39; S50; S52; S56; S59; 
S62; S63; S66 

Industry practices 6 S13; S14; S48; S49; S68; S76 

Specialist opinions 2 S27; S46 
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Appendix C- Information on the data from the 

Observational Study 

C.1 Project’s scope (in portuguese) 

Definição do Escopo do Projeto 

ISSUES Monitoring  

(Integrated Systems to SUpport Environmental Information Monitoring) 

O projeto consiste em desenvolver um sistema de software para atuar como um monitor e integra-lo a outros 

sistemas (de software, hardware, etc.), a fim de possibilitar o monitoramento da temperatura dos servidores 

dos CPDs do grupo ESE, e também a luminosidade e funcionamento de equipamentos auxiliares nesses 

ambientes em horários ou dias específicos. 

O sistema monitor a ser desenvolvido deverá ser integrado à aplicação My Denox . Essa aplicação funciona 

por meio de regras configuradas, sensores e dispositivos específicos que são controladas por uma central, 

na qual ações devem ser realizadas na ocorrência de eventos que satisfazem às regras definidas.  A respeito 

das funcionalidades do My Denox, somente faz parte do escopo deste projeto, a funcionalidade de registro 

de presenças e ausências em um determinado ambiente e notificação, via e-mail. O My Denox possui um 

dispositivo que permite o registro de acesso (presença e/ou ausência) em determinado ambiente por meio da 

digital do usuário. Assim, quando um membro do grupo ESE registrar a sua presença ou saída, a aplicação 

My Denox deverá enviar uma notificação para uma conta de e-mail informando a presença ou ausência do 

indivíduo. O sistema monitor deverá monitorar constantemente a caixa de entrada da conta de e-mail 

cadastrada no My Denox a fim de obter, extrair, tratar e armazenar as informações de presença e ausência. 

Os dados de temperatura e luminosidade deverão ser capturados por sensores específicos acoplados a um 

sistema baseado em Arduino . Esses dados devem ser constantemente enviados para o sistema monitor.  Esse 

sistema deverá enviar notificações de e-mail para os presentes no laboratório ou para o responsável 

designado quando for detectado que a temperatura de um servidor está acima do valor especificado, quando 

uma luz se encontrar acessa em momentos indevidos ou quando algum equipamento auxiliar (cafeteira, por 

exemplo) não tiver sido desligado a fim de que estes adotem os procedimentos necessários. Os 

procedimentos adotados para cada notificação de anormalidade devem ser registrados. As condições sobre 

os valores de temperatura aceitáveis nos servidores, da luminosidade do ambiente e horários de 

funcionamento dos laboratórios deverão ser parametrizáveis no sistema monitor. 

A fim de apoiar a tomada de decisão dos membros do grupo ESE para um melhor gerenciamento dos CPDs, 

o sistema monitor deve permitir a geração de relatórios e gráficos específicos. 

Observações: 

My Denox é uma plataforma de internet das coisas que engloba um conjunto de dispositivos, serviços em 

nuvem, aplicativos móveis e processos de back-office totalmente integrados 

C.2 The required activities and software artifacts  

Descriptions 

Regarding the project activities and software artifacts, the following items were required: the specification of scenarios 

and requirements; project models; test plans and test cases; the execution of functional testing; the execution of unit 

tests; the use of “good” coding practices (i.e. code comments and standardization of the names of variable and 

methods); inspections on the artifacts (ad-hoc or using some specific technique); user manual; the register of the 

technical decisions considered as relevant; and to manage the product versions. It is important to emphasize that we 

did not restrict the use of any technology (i.e., method, methodology, technique, and tools) and practices. The team 

(students) had the freedom to make such choices. In this regard, we only advised the teams regarding the proper use of 

the technologies and practices defined by them. The Git hub  platform was used by the team to support the software 

configuration management activities and for the software project management activities regarding information about 

the project planning and the software artifacts. Details on this subject can be found at 

https://github.com/ESEGroup/IssuesMonitoring/wiki/Artefatos. 

https://github.com/ESEGroup/IssuesMonitoring/wiki/Artefatos.
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C.3 Questionnaire Structure (in Portuguese) 

PERCEPÇÃO INDIVIDUAL SOBRE DÍVIDA TÉCNICA 

1)  Com base na experiência vivenciada por você no projeto e na sua percepção, descreva o que você considera/define como sendo Dívida 

Técnica. Ao fornecer a sua definição, aponte alguns aspectos que influenciam o surgimento de Dívidas Técnicas. 

____________________________________________________________________________________________________________

____________________________________________________________________________________________________________

____________________________________________________________________________________________________________ 

2) A tabela abaixo apresenta algumas situações que ocorreram em determinadas etapas do projeto Issues Monitoring. Com base no seu 

entendimento, classifique cada um dos itens a seguir como sendo Dívida Técnica ou não, informando o impacto dos itens considerados 

como dívidas (independente destes terem sido tratados ou não ao longo do projeto). 

Situação 
Dívida? 

Impacto em Assumir a 

Dívida foi... 

Sim Não Positivo Negativo 

Necessidade de modificações associadas ao layout de interfaces (menus, ícones, cores, paginação).     

Necessidade de modificações em algumas funcionalidades, tais como: a) separar em páginas distintas a listagem dos 

diferentes tipos de usuários; b) excluir alguns campos dos formulários. 

    

Não implementação/entrega do RF03 que se refere a geração de relatórios das condições ambientais.     

Não implementação/entrega do RF04 que se refere a geração gráficos das condições ambientais.     

Não implementação/entrega do RF12 que se refere ao envio de solicitação de ação em caso de não-conformidades.     

Não realização de inspeções nos requisitos utilizando uma técnica de inspeção.     

Não realização de inspeções nos modelos de projeto utilizando uma técnica de inspeção (i.e., no diagrama de classes, 

modelo de entidade-relacionamento ou diagrama de componentes). 

    

Não utilização de diretrizes de codificação (nomenclatura de variáveis/métodos, identação, comentários de código).     

Falta de ênfase na modularidade arquitetural (acoplamento e coesão).     

Falta do modelo esquemático do componente Arduíno.     

 

Agradecemos sua colaboração 
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C.4 Results of Question 1 

 

 

RESPONDENTE PERCEPÇÃO DO RESPONDENTE SOBRE O QUE CONSIDERA COMO SENDO DÍVIDA TÉCNICA E ASPECTOS QUE PODEM INFLUENCIA A OCORRÊNCIA DESSAS 

A 
"Com base na minha percepção, dívida técnica é uma característica/requisito do software que ao longo do projeto vai sendo atrasado ou esquecido. Por exemplo, uma funcionalidade que não 
é entregue em uma sprint/release é uma dívida técnica." 

B 

"Considero que dívidas técnicas são criadas por requisitos não cumpridos no prazo atribuído a eles, ou boas práticas não estabelecidas. Essas dívidas terão de ser cumpridas em etapas futuras 
do projeto, o que pode aumentar a carga de trabalho das próximas etapas do desenvolvimento do sistema. Além disso, se não cumpridos podem ter efeitos sobre outras funcionalidades do 
sistema, podendo criar outras dívidas associadas a estas. A intensidade desse impacto depende da importância do componente ao qual a dívida está associada. Dependendo do impacto da 
dívida, deve-se escolher um momento oportuno para saná-la. Requisitos de baixa prioridade podem ser adiadas por mais tempo, por exemplo." 

C 
"Considero como dívida partes não implementadas no projeto, partes implementadas de forma rápida para cumprir o prazo, e artefatos incompletos do projeto. Acredito que o surgimento de 
dívidas técnicas é influenciado pelos prazos de entrega, pelo tempo de comprometimento para realizar as tarefas do projeto e por possíveis problemas técnicos, que podem exigir soluções 
rápidas e/ou de baixa qualidade." 

D 
"Dívida técnica é composta por requisitos de código, documentação inacabada, requisitos não alcançados, ou qualquer outra forma de incompletude que cause divergência negativa entre o 
produto idealizado a partir dos requisitos e o produto entregue. Algumas causas para seu surgimento seriam a falta de recursos (tempo ou orçamento) para completar o projeto, requisitos 
vagos que deixam espaço para ambiguidade, e má execução da codificação dos requisitos." 

E 

"Dívidas Técnicas são todas as ações planejadas para a release/sprint que não foram cumpridas a tempo, e que, portanto, são repassadas para a sprint/release seguinte. O principal colaborador 
para o surgimento de dívidas é o tempo, ou mais precisamente, a falta de planejamento, pois muitas vezes há trabalho demais para um tempo reduzido, o que implica em um trabalho 
incompleto. Também é possível citar imprevistos como bibliotecas externas não funcionando ou código quebrando depois de um ajuste que também colaboram para o surgimento de dívidas 
técnicas." 

F 

"Tenho vivenciado a experiência de planejar e desenvolver o Issues Monitoring, e considero como dívida técnica tudo aquilo que é esperado para ser entregue em uma certa data (seja pelo 
stakeholder ou pela equipe) e que não foi desenvolvido (e testado) a tempo. Aspectos que acredito que possam influenciar no surgimento de dívidas são: uma disponibilidade menor do que a 
esperada de alguns membros da equipe; falta de conhecimento inicial acerca de tecnologias planejadas para serem usadas no projeto; mau dimensionamento dos escopos das releases e 
sprints." 

G 
"Dívida Técnica é alguma modificação (estrutural ou não) que é necessária, porém não é descoberta a tempo, sendo identificada através de uma análise atual do sistema, ou através do não 
cumprimento de prazo do projeto. Há alguns fatores que geram dívidas, como a falta de recursos para uma modificação ser feita no prazo estimado, ou um problema de comunicação com os 
stakeholders, gerando uma funcionalidade incorreta. " 

H "Dívida técnica é algo (que) será importante para o desenvolvimento e acompanhamento do projeto. Falta de correção dos documentos, entrega de documentos desatualizados." 

I 
" Dívida Técnica ocorre quando se define que algo será realizado em uma determinada sprint (ou release), e aquilo que não é feito ou é parcialmente feito. Modificações em interfaces web 
são melhorias, a menos que uma página tenha sido colocada no cronograma e não tenha sido feita, aí assim é dívida técnica." 

J 
"Dívidas Técnicas são lacunas que deixaram de ser preenchidas no projeto, seja por falta de tempo, conhecimento ou capacidade. Os principais fatores que causam dívidas técnicas são má 
administração de tempo, estimativas equivocadas, falta de comunicação e falta de compreensão do projeto." 
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C.4 Results of Question 2 (in portuguese) 

 

 

 

 

 

 

 

 




