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The goal of this study was to explore and understand the definition of technical debt. 

Technical debt refers to situation in a software development, where shortcuts or 

workarounds are taken in technical decision. However, the original definition has been 

applied to other parts of software development and it is currently difficult to define 

technical debt. We used mapping study process as a research methodology to collect 

literature related to the research topic. We collected 159 papers that referred to original 

definition of technical debt, which were retrieved from scientific literature databases to 

conduct the search process. We retrieved 107 definitions that were split into keywords. The 

keyword map is one of the main results of this work. Apart from that, resulting synonyms 

and different types of technical debt were analyzed and added to the map as branches. 

Overall, 33 keywords or phrases, 6 synonyms and 17 types of technical debt were 

distinguished. 
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1. INTRODUCTION 

 

In the recent years, there have been many papers describing the problem of neglecting 

basic software engineering principles due to shortages in project budget [40], urgent needs 

of the market and therefore lack of the time [67], or even a plain human factor such as 

inadvertence [23]. It is commonly suggested that a lot of software projects end or are shut 

down without any successful results [15]. When investigating causes of the failures, they 

are often found among the technical problems, such as the increased complexity of the 

code base [41].  Thus, disregard of the basic principles and non-use of best practices, 

which led to a poor state of affairs, can be often fatal to a project. This makes the described 

problem important for most of the practitioners, who are interested in success of their 

projects indeed. In order to describe this problem a lot of different definitions have been 

used. One of the most often mentioned is technical debt (TD), which was proposed by 

Cunnigham via metaphor “Shipping first time code is like going into debt” [8]. The 

metaphor has been proving itself useful during the recent years. It is able to describe the 

nature of a technical problem succinctly and accurately and makes possible to start 

searching the appropriate solutions.  

 

However, this metaphor can be used wrong without proper understanding. For instance, 

broadening the metaphor indefinitely kills its original purpose. A large number of studies 

have been using this metaphor, but very few of them had the aim to state its definition or 

shape the metaphor of TD more precisely. It is would be also useful to make explicit the 

consequences and problems that practitioners are likely to face dealing with TD and 

identify main characteristics of it. Such information at practitioners’ fingertips may allow 

them to benefit from TD instead of suffering losses. 

 

Therefore, the goal study aims to analyze different approaches to definition of TD 

metaphor and compile them into several artifacts that are perspicuous for any reader who is 

interested in this topic. We also try making an attempt to generate a more precise definition 

of TD, based on our findings. 
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For this purpose we conducted a mapping study that analyzed all the articles available 

through the most popular scientific databases. The searched papers contained a reference to 

the original article of Cunnigham "The wycash portfolio management system" [8] in order 

to determine how their authors understand and use the proposed TD metaphor in their 

research. 

 

The remainder of this paper is divided into six sections including this introduction. After 

this introduction, the second chapter is the description of TD metaphor in form of literature 

review focusing on researches that made attempts to describe it. The third chapter 

describes the methodology of used in this research process and our adjustments to it that 

were made in order to meet the needs of this research. The fourth chapter describes the 

results. Then, the fifth chapter discusses the results of the research and answers on research 

questions focusing on keywords that describe TD metaphor. At the end, conclusion chapter 

summarizes all results and makes suggestions for the future researches on the proposed 

topic. 
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2. BACKGROUND 

Roots of the technical debt metaphor 

 

The original article was written in 1992 by Cunnigham [8]. According to this article, the 

developers meet different challenges during the system implementation and the main 

purpose of this paper was to address these issues. Cunningham described these problems 

with such words: “it was not uncommon for a new feature to fit poorly into an existing 

object architecture … we found that some key implementation ideas were slow to emerge” 

[8]. The solution to these problems was described as: “The ultimate removal of the 

immature architecture would leave us with a program that had been simplified in the 

course of adding features-a truly enviable situation. We believe this process leads to the 

most appropriate product in the shortest possible time” [8]. In order to give the reader 

better understanding of the problem and describe it metaphorically Cunningham writes 

about TD: “Although immature code may work fine and be completely acceptable to the 

customer, excess quantities will make a program unmasterable, leading to extreme 

specialization of programmers and finally an inflexible product. Shipping first time code is 

like going into debt. A little debt speeds development so long as it is paid back promptly 

with a rewrite. Objects make the cost of this transaction tolerable. The danger occurs when 

the debt is not repaid. Every minute spent on not-quite-right code counts as interest on that 

debt. Entire engineering organizations can be brought to a stand-still under the debt load 

of an unconsolidated implementation, object-oriented or otherwise.” [8] 

 

Cunningham describes the waterfall model as an attempt to pay the whole possible debt 

up-front and in-full by spending a lot of time in earlier phases when the goal is to develop 

the overall architecture of the solution beforehand. This model can be described in 

financial terms like we pay for everything to preserve it instead of paying for fixing what it 

is already broken. In this model we have to envisage every possible failure in every 

vulnerable spot in advance, which is very difficult or impossible in constantly changing 

world when the requirements for the system can be added, removed or altered completely 

[8].  
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When using the original definition by Cunnigham [8], TD can be seen as the cost that 

needs to be paid for fixing some suboptimal decisions that were made during the system 

development. This cost can be incurred in additional expenditure when project managers 

have to hire more programmers to make changes in the project source code or in terms of 

time when programmers have to spent additional time which is needed to understand the 

increased complexity of the poor-structured system or effort that has to be applied to 

continue the project and finish it with success.  

 

McConnell [48] describes TD as: “a design or construction approach that's expedient in 

the short term but that creates a technical context in which the same work will cost more to 

do later than it would cost to do now (including increased cost over time).” A map of the 

“technical debt landscape” was drawn during the third workshop on managing TD in 2012 

[48]. This landscape covers intentional TD (or architectural debt), TD due to a change in 

context (technological gap), and at the right end TD of a smaller granularity, mostly low 

internal code quality. On the left of the Figure 1, TD affects mostly the evolvability of the 

software system, while on the right it affects mainly its maintainability [37]. 

 

Fowler [21] describes TD as “piece of functionality that you need to add to your system. 

You see two ways to do it, one is quick to do but is messy - you are sure that it will make 

further changes harder in the future. The other results in a cleaner design, but will take 

longer to put in place.” He categorizes TD into quadrant with two dimensions. First 

dimension separates issues arising inadvertently from decisions that were made 

strategically. Second dimension separates debt into reckless and prudent categories. 

Reckless and deliberate debt is the one that is discussed the most in this study. It takes 

place when practitioners are aware of consequences but they simply cannot afford writing 

clean code because the lack of time or other reasons, which will be discussed in more 

details later. Prudent and deliberate debt is common for teams that know how to use TD in 

their advantage and do it. Oppositely, reckless and inadvertent debt is something that is 

named “messy code” and may be produced by people who are ignorant of good design 

practices.  Fowler claims that prudent and inadvertent debt is also possible. It may take 

place when a team of excellent professionals is learning during the system design process. 

For the time being they think they have done a good job and customer is happy with the 
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system quality, but after a while they realize what they should have done something 

different. These four categories can be seen in Figure 2. According to the author’s opinion, 

this quadrant should be used to understand the current situation in your project and correct 

it based on the quadrant section which we are currently in [21]. 

 

 

Fig. 1. TD map [37]. 

 

It is worth noting that in addition to TD metaphor, there are also alternative descriptions of 

the existing problem, for example “code smells”. “Code smells” (introduced by Fowler and 

Beck [11]) is an established concept to classify shortcomings in software that follows 

object-oriented design. Each “smell” is an indicator that points to the violation of object-

oriented design principles such as data abstraction, encapsulation, modularity, and 

hierarchy. 

 

All these descriptions have several commonalities. One of which is that the more TD takes 

place the worse will be the consequences. In TD terminology it would sound like: the more 

you go into this debt the more interest you have to pay. For example, to change something 

in the code that is written without applied encapsulation principle or is not modular the 

programmer has to pay all the interest first by checking and debugging program in 

different places instead of introducing new functionality. There can be even a dead end 
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when a fix in one place leads to two or more broken parts in other places, which has an 

avalanche-like effect eventually leaving you with a completely unsupportable system. 

Issues of this size might force you to make the final decision to rewrite the whole system 

from scratch or close the failed project [1]. 

 

 

 

Fig. 2. TD categorization [21]. 

 

The success of TD metaphor probably lies in its financial origin. To give people better 

understanding of the complicated technical problem it is highly desirable to use words that 

they know and commonly use in their work and life. Basic financial vocabulary like debt 

and interest payments is well-known by most of people so all this words are appropriate 
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and understandable when a short description of emerged problem is needed. According to 

Allman [1], financial debt has three important properties: there is a need to pay eventually 

back, you have to pay with interests, and there will be consequences if you do not pay your 

debt in time. TD is in a way similar. Generally, it is necessary to pay back by refactoring or 

completely rewriting some parts of software system. Until then, people that work with it 

have to pay interests by being delayed with mysterious problems or urgent necessity to fix 

something instead of implementing new functionality. Sometimes it even happens that a 

user has to pay interests for TD taken by developers [1]. Although, unlike financial debt, 

TD does not have to be paid off entirely. There are very few systems that do not need any 

fixing or refactoring [1].  

 

The causes and effects of technical debt to software 

 

According to Edith et al [65], companies have several reasons to go into TD. These reasons 

can be compared with TD quadrant suggested by Fowler [21], which is depicted in Figure 

2. 

 Pragmatism and prioritization – when you have to make sub-optimal decisions 

because of situation on the market. In this case, the implementation of critical 

functions can be considered more important than overall quality. This can be 

Deliberated reckless or deliberated prudent TD depending on context and further 

decisions. For example, will it be paid eventually in the future or not? 

 Because of deficient process that is employed by the development team – in 

general, existence of review code practices, meetings (as it is in agile development 

methodology) or other collaborative techniques can significantly decrease amount 

of TD. Otherwise when you make your own individual decision it is easier to take 

shortcuts and defer tasks that increase TD. Thus, individual decisions may cause 

reckless and inadvertent TD. 

 Certain attitude of developers can also cause TD. Elm [16] describes  one  of  the 

common  reasons  for  unmanaged  debt  to  be  “programmer  and  management  

hesitance  to  improving  code,  for  fear  of  introducing  new problems:  ‘If  it  

ain’t  broke,  don’t  fix  it”. TD caused by such kind of attitude without any external 

necessity like market needs or customer demands is reckless and deliberate debt. 
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 Ignorance – “the inability of the developers to develop high quality applications” 

(Cast [6]). This is similar to Reckless and inadvertent segment in Figure 2. 

 

As for affecting software, resulting map from TD workshop 2012 [38], [39] depicted in 

Figure 1 divides this into two global issues: evolvability and modifiability. According to 

this map, the existence of TD in a project can be determined by presence or absence of the 

particular symptoms. These symptoms are depicted on Figure 1 in the area of technical 

gap, and right and left of it in the visible areas. Each of these symptoms may be visible or 

invisible and at the same time refer more to the problem of software evolution or its 

maintenance. Traditionally, characteristics such as the addition of new functionality are 

more relevant to the problem of evolution whereas such parameters as internal and external 

quality, code complexity and code style violations affect on the ability to effectively 

maintain software. Thus, as it is mentioned above, the allowance of TD can facilitate 

software development process for a while but decreasing its maintainability in the long 

term at the same time. 

 

Technical debt and software lifecycle 

 

According to IEEE Standard for Developing Software Life Cycle Processes [31], there are 

five general groups of related activities. 

 

Every software lifecycle starts from project initiation, which is a part of project 

management group. Project monitoring and control, and software quality management are 

two other parts of project management group. These two are necessary for each project 

iteration. 

 

The second group is pre-development activities. This group consists of the processes that 

must be performed before software development can begin. Concept exploration can be a 

good example of such kind of activities. 

 

The third group is the development itself. It includes the activities performed during the 

development and enhancement of a software project.  
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The activity groups of the Post-Development Section include activities performed during 

the development and enhancement of a software project. The group of retirement activities 

here ends the cycle of iterations for software in development.  

 

The integral activities group is in the middle of figure 3. This group is the support section, 

which includes activities that are needed to successfully complete project activities. These 

activities are utilized to assure the completion and quality of project functions. 

 

TD can also be classified from the perspective of the software lifecycle, which means that 

several types of TD are related to lifecycle phases. The same effect of taking shortcuts can 

happen in several stages of software development lifecycle. For example, design debt, 

testing debt, defect debt, documentation debt [56] and possibly other debts are mentioned 

to be part of the software lifecycle. This can be seen as one of the reasons why the current 

definition of TD has multiple aspects.  

 

 

 

 

Fig. 3. Classification scheme iterative building process [31].  
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3. MAPPING STUDY 

Mapping study origins 

 

Secondary studies are drawing more and more attention of scientific community because, 

when the number of reports in a field is constantly growing, it becomes important to 

provide an overview of the existing scientific sources to structure them and prepare the 

solid basis for further studies of the subject [14], [28]. Evidence based medicine is a good 

example of utilizing secondary studies, especially systematic literature review (SLR) 

approach [34]. SLR approach consists of going in dept of existing primary studies in order 

to review their essence and describe the used methodology and received results [34]. 

According to Kitchenham et al. [34], this approach is also common for such fields like 

criminology, social policy, economics, nursing etc. where just an aggregation of all 

existing evidences about some predefined subject is not enough because there is a need of 

rigorous method which helps to avoid any bias and inaccuracy in source selection and 

review. Keele [33] represents this approach as “a means of evaluating and interpreting all 

available research relevant to a particular research question, topic area, or phenomenon 

of interest”. 

 

However, SLR is usually used for reviewing quantitative and empirical researches whereas 

in software engineering the number of qualitative researches is currently growing and it is 

necessary to find more suitable method for summarizing emerging scientific reports [13]. 

One of such methods is a systematic mapping study, which “provides an overview of a 

research area, and identifies the quantity and type of research and results available within 

it” [54]. 

 

There are differences between a mapping study and SLR. Keele [33] summarizes them as 

following:  

 Research questions of mapping studies are usually wider and often numerous.  

 The search results for mapping studies are likely to return a big number of studies. 

However it is not so problematic as it is for SLR because the aim is the broad 

coverage rather than narrow focus. 
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 The data extraction process in case of mapping studies is also different from the 

process existing for SLR and is rather classification and categorization than 

extraction. The main goal of this step is to categorize papers in order to answer all 

the research questions as it is in case of SLR but here the focus is on checking 

numerous studies without spending too much time on each particular one. 

 The purpose of the analysis stage is summarizing the gathered data to answer the 

research questions. Since the number of selected studies is large, it is unlikely to 

include in depth analysis techniques such as meta-analysis and narrative synthesis.  

Totals and summaries as well as graphical representations of study distributions by 

classification type are the main techniques for mapping studies. 

 

Figure 4 shows the process of this research. According to Petersen et al. [54], the 

rigorously prepared mapping study has to have predefined research questions before 

continuing further. The next step is to find all available scientific sources that comply with 

the predefined goal. One of the main differences of mapping study from SLR is that there 

is no need to consider specific criteria which the found scientific sources have to comply 

with. This way the area of research can be artificially narrowed and the main idea of 

mapping study is to provide a broad overview. The application of selection criteria happens 

only after gathering a broad selection of scientific sources and this process follows the 

clear predefined list of criteria to avoid any possible bias. After defining the core selection 

all sources need to be classified and unlike the previous steps the classification schema 

here is usually defined iteratively, straight during the process of keywording. In other 

words, if there have been found some words which do not fit to any currently existing 

categories a new one can be defined to cope with this situation. The Figure 4 below 

illustrates this process. 

 

The enclosing step in this process is the visualization of results according to defined 

classification schema. This visualization usually takes form of bubble map or any other 

which is appropriate for this task. After that, the received results are to be discussed and 

the research questions are to be answered. 
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Fig. 4. Classification scheme iterative building process [54].  

 

Mapping study process description 

 

The procedure of this study followed the basic guidelines for mapping study methodology 

provided by different authors, in particular Kitchenham and Charters [4]. Several steps 

have been performed to achieve research goals and answer on defined question. The steps 

of this research are shown on the figure 5 below. 
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Fig. 5. Study process diagram. 

 

Before going into mapping study process we identified four research questions. These 

questions become the goal of the current research. 

 

 RQ1: What technical debt is? 

This is the central question of this study. Understanding of the TD essence provides the 

basis for answering the following research questions. From practitioners’ point of view, 

answer on this question allows more accurate assessment of the situation in ongoing 

project, correction of the employed strategy and process and eventual success in the long 

term perspective with use of the TD as a tool to accelerate development in any crucial 

moment. 

 

 RQ2: Which synonyms of the technical debt metaphor are there? 

TD, apparently, is not the only one metaphor that describes the matter under consideration. 

Synonymous definitions availability can help shaping the TD metaphor itself as well as 

define its frames by noticing differences between TD and other definitions. 
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 RQ3: What types of technical debt are mentioned in scientific works? 

Differentiation of TD types can help to ascertain the cause of problems encountered in 

software project, determine the stage of the project life cycle during which the debt was 

taken and thus establish his whereabouts and to understand reasons of its occurrence. 

 

 RQ4: Is it possible to build the general definition of technical debt metaphor? 

The possibility of constructing general definition of TD would be crucial for 

communication between practitioners and researchers because it would allow defining TD 

similarly and thus enforcing the use of Cunnigham’s metaphor more precisely avoiding 

possible misunderstandings. 

 

The appropriate databases of scientific publications were selected with regard to their 

scientific community acceptance and rating. Six scientific bases were included in the final 

list: 

 IEEE Xplore (http://ieeexplore.ieee.org/Xplore/dynhome.jsp). 

 ACM Digital Library (http://portal.acm.org/dl.cfm). 

 Springer Link (http://link.springer.com/). 

 Science Direct. (http://www.sciencedirect.com). 

 Ebsco (http://search.ebscohost.com). 

As an addition to these databases the decision was made to perform further search iteration 

in Google Scholar service to ensure that no relevant scientific source is missed. 

 

The query for database search incorporates words from Cunnigham’s publication name and 

logical operator AND, which ensures that only papers with possession of exact phrase will 

be selected. Several queries before the final one have proven that the name of 

Cunnigham’s article is unique among existing articles in selected databases, so there was 

no risk to stuck on irrelevant results during the research process.  

 

All available papers were added in the Refworks reference management tool, which was 

supposed to store them in well-organized manner and was able to transform the list of 

sorted references in any bibliography according to specified criteria.  

 

https://owa.lut.fi/owa/redir.aspx?SURL=DfZ2p_0iEI15vgz6gvn9CeFKwXI2ojEcYbnq75OxkLW_be6lSwXSCGgAdAB0AHAAOgAvAC8AaQBlAGUAZQB4AHAAbABvAHIAZQAuAGkAZQBlAGUALgBvAHIAZwAvAFgAcABsAG8AcgBlAC8AZAB5AG4AaABvAG0AZQAuAGoAcwBwAA..&URL=http%3a%2f%2fieeexplore.ieee.org%2fXplore%2fdynhome.jsp
https://owa.lut.fi/owa/redir.aspx?SURL=PLYijShCXwS0bvziwV0AFJlpO_sbK6D2uUsoUufftbi_be6lSwXSCGgAdAB0AHAAOgAvAC8AcABvAHIAdABhAGwALgBhAGMAbQAuAG8AcgBnAC8AZABsAC4AYwBmAG0A&URL=http%3a%2f%2fportal.acm.org%2fdl.cfm
https://owa.lut.fi/owa/redir.aspx?SURL=G8sAZtkiX_fsmDSjz_MGe08USa4E7w1SRzPI0BFX3XG_be6lSwXSCGgAdAB0AHAAOgAvAC8AbABpAG4AawAuAHMAcAByAGkAbgBnAGUAcgAuAGMAbwBtAC8A&URL=http%3a%2f%2flink.springer.com%2f
https://owa.lut.fi/owa/redir.aspx?SURL=UJY1f6juMyCZh4b3oV9VYHWN04ldXQRokWL-2neCE9a_be6lSwXSCGgAdAB0AHAAOgAvAC8AdwB3AHcALgBzAGMAaQBlAG4AYwBlAGQAaQByAGUAYwB0AC4AYwBvAG0A&URL=http%3a%2f%2fwww.sciencedirect.com
https://owa.lut.fi/owa/redir.aspx?SURL=rGQksGGR_zcljVtiaE8tn6xjN8pBr0PvG_NicyuK7eC_be6lSwXSCGgAdAB0AHAAOgAvAC8AcwBlAGEAcgBjAGgALgBlAGIAcwBjAG8AaABvAHMAdAAuAGMAbwBtAA..&URL=http%3a%2f%2fsearch.ebscohost.com
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As it is shown in the Figure 5, there were several rounds of papers selection. The first 

round represents retrieval of raw materials without application of any selection criteria. 

This round was finished by retrieving of one hundred fifty five papers from five databases 

and additional search performed with Google scholar search engine. On the second round 

all papers were put into one folder and during this process all duplicates between databases 

were deleted. This process was performed in the order which is shown in the Figure 5 from 

IEEE Xplore database to the results from Google scholar. After that, the selection criteria 

were applied to the rest of papers. Metadata and introduction of each paper were analyzed 

in order to ensure that all criteria are suitable for each piece of work. The used criteria are 

listed below: 

 The language in which each work is written must be English. 

 The full text of work and its metadata must be freely accessible. 

 The main subject of this work is TD or TD takes considerable part of work’s focus. 

All the results of each selection phase are presented on Figure 6. 
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Fig. 6. Selection results.  

 

All the papers were ordered by their date of publication, source and the object of study in 

order to analyze them easier. The analysis of works consisted of skimming the selected 

articles to find all used definitions of TD and determine what synonyms are used in 

scientific community to name this metaphor differently. Also, mentioned types of TD were 

extracted and sorted. Every piece of handwriting which was interesting in scope of this 

research was copied in a separate table. All duplicates were removed to ensure validity of 

the next step. 
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The process of keywords and extraction was performed iteratively. First iteration was 

performed manually. The following steps were taken for each source: 

 Metadata evaluation. This step will help filtering out all the sources for which TD 

is not the main focus, saving this way time by avoiding analysis of useless data 

sources in depth. 

 Extracting main idea of study from abstract. Evaluation of abstract provided an 

opportunity to assess the necessary depth of skimming each paper by considering of 

performed study process and its results. 

 Introduction and first chapter skimming (usually the part which introduced 

definitions). Manual search of TD definitions by skimming the text and identifying 

every interesting sentence or phrase. Each phrase without any further analysis was 

noted in a separate table in order to undergone analysis later. 

 Other part skimming (only for those studies which had definition of TD as a 

research question). 

 

Second iteration was the raw analysis of retrieved material: 

 Cycled process of creating classification schema by evaluating every retrieved 

piece of information and sorting each piece among created nodes of this schema 

was performed. 

 The phrases that seemed interesting at first glance but were not suitable for purpose 

of the study were sorted out on this step. 

 On this step phrases were divided into defining the TD, synonymous with TD and 

determining the type of TD. It was done in order to answer the basic questions of 

this study. 

o Phrases that intended to determine TD, succinctly describe it as a separate 

definition, were sorted to the group of the TD definitions. Each definition 

from the resulted table was split on separate keywords and all the keywords 

were sorted by the frequency of occurrence. Because keywords was too 

numerous to show them in one list, it was decided to separate them into 

three groups. The main group consists of keywords that occurred five or 

more times, the secondary group consists of keywords that occurred less 
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than five times and the tertiary group consist of keywords that occurred only 

once. 

o Separately introduced terms that from the first sight described the similar to 

TD concept were sorted to the synonyms group. 

o All definitions found in the selected sources that possessed a certain quality 

which indentified their uniqueness from others but still admitted that they 

are TD were attributed to types or kinds of TD. 

 

The third iteration was performed automatically with use of full-text search tools. 

 To determine TD multiple additional searches have been made. Their results are 

not presented as a separate part of this work because they did not provide any 

useful information for research questions directly. However, they aided greatly in 

the construction of classification scheme and subsequent decomposition of certain 

TD definition on keywords and their following classification.  

 An additional search of the types of TD was made through the whole set of selected 

papers in order to determine frequency of occurrence. 

 

Visualization of the results was the last part of the analysis process. In order to visualize 

the final map was drawn. This map is described in the next chapter. 
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4. RESULTS AND ANALYSIS 

 

This mapping study was performed according to the procedure described in the chapter 

three. In this chapter, results of retrieved data analysis are described. To begin with, the 

classifications of selected studies by source, type and publication year are provided. The 

rest of this chapter provides results of TD definition’s separation into keywords, synonyms 

and TD types extraction. At the end of this chapter all synonyms, TD types and resulting 

keywords are visualized in map.  

Classification by source 

 

The pie chart below represents the distribution of articles retrieved from the databases. It is 

worth saying that most of the papers that were found with the use of Google Scholar search 

engine were overlapping with the papers from the other databases, which makes the picture 

look different from the one depicted below if all duplicates are removed.  

 

 

Fig. 7. The shares of scientific works from different databases. 
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Classification by type 

 

Selected papers were divided into 4 types: articles, workshop reports, conference reports 

and symposium reports. It can be seen from the pie-chart that articles group has the largest 

share. Overall, 32 articles were selected for this research. The second largest group is 

workshop reports. It incorporates 28 pieces of writing. Conferences and symposiums 

groups have 19 and 4 works accordingly.  

 

 

Fig. 8. Types of scientific works. 

 

Classification by publication year 

 

The curve below represents amount of works among the selected ones and their 

distribution by publication years. Despite the fact that there were no restrictions in the 

search process concerning publication year, except one natural restriction that citing paper 

cannot be written earlier than Cunnigham’s work, almost all papers that cite “WyCash 

Portfolio Management System” were written in between 2009 and 2014 (except one paper 

in 2006). The mapping study of Zengyang et al. shows similar curve in distribution of 

publications. According to Zengyang et al. [42], the reason for this could be that the MTD 

workshop was initiated in 2010 and this workshop raised the attention on TD and the 

awareness of managing TD. 
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Fig. 9. Year of publication distribution curve. 

 

As the Figure 9 shows, the perceived value of metaphor for practitioners and researchers is 

growing. More and more of them consider it necessary to study the problems captured by 

the TD metaphor. 

 

Extracted definitions 

 

Appendix 2 presents all definitions and synonyms in form of table that were retrieved from 

selected papers in raw, unchanged form. This table presents only unique definitions that 

have been found during the search process. Based on research conditions all 107 papers 

had definition of TD cited or rephrased from Cunnigham’s article in addition to others or 

as the only one definition used in the whole paper, therefore their duplications were 

excluded from the table. Each definition listed in Appendix 2 has a link to source paper the 

list of which is presented in Appendix 1. 

 

Several works present multiple definitions of TD. Basically, these are works with the aim 

to determine what TD is. These studies thereby are the most valuable for the current study, 

because it aims to combine such efforts within the secondary mapping research. The 

biggest number of TD or its synonym’s definitions was extracted from sources [26], [38], 
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[27], [43], [60], and [63]. For example, Lim [43] describes the interview of practitioners 

about TD the purpose of which was to define TD.  

 

Partition of definitions into keywords 

 

When we had retrieved all the definitions from the selected papers, all of them were 

partitioned into keywords according to the procedure which is described in the 

methodology section.  The occurrence of each keyword is observable from Table 1. 

Overall, thirty three keywords or phrases were extracted from TD definitions. 

 

Table 1. Keywords that were retrieved from TD definitions. 

  

Keyword Source 

cost / budget 
S68, S69, S11, S1, S1, S8, S59, S59, S78, S63, S8, 

S54, S49, S24, S24, S27, S22, S50, S39, S39 

short/long term 
S11, S11, S6, S12, S1, S8, S85, S78, S43, S40, S43, 

S22, S86, S53, S50, S35, S41, S41  

tradeoff/compromise 
S68, S11, S11, S4, S14, S19, S86, S78, S8, S61, S43, 

S51, S37, S50, S35, S35, S41  

Quality 
S68, S2, S4, S20, S15, S15, S15, S59, S59, S8, S61, 

S38, S39, S35, S26, S36, S36  

Maintenance 
S10, S7, S19, S8, S78, S63, S43, S33, S45, S27, S27, 

S22, S48, S23, S50, S50  

Shortcut 
S11, S8, S43, S1, S49, S40, S33, S43, S22, S23, S50, 

S35, S35, S41  

time / deadline / release date 

/ reach of markets 

S68, S2, S1, S1, S8, S61, S51, S53, S37, S50, S50, 

S35, S35  

best practices S1, S15, S58, S70, S33, S45, S27  



 

23 

 

Keyword Source 

refactoring/rework S6, S17, S33, S33, S85, S53 

"right" / "wrong" or "dirty" 

code 
S69, S12, S13, S46, S27, S53, S34  

postponing changes S22, S50, S35, S34, S46  

Architecture S58, S45, S51, S50, S27  

business benefits S35, S43, S35, S35  

Gap S20, S45, S36  

Complexity S20, S24, S32  

Dimensions S2, S14  

Value S54, S56  

modularity violation S2, S62  

internal consistence S50, S50 

Risks S39, S39  

hidden / invisible work S29, S47  
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Keyword Source 

incompleteness of system or 

artifact 
S50, S46  

“it is” versus “it should be” S38, S29  

Skills S1  

customer/management 

expectations 
S78  

Changes S45  

Evolution S22  

Deployment S22  

suboptimal decisions S44  

Assessment S49  

Intention S15  

Awarness S15  

Uncertainty S29  
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Synonym occurrence 

 

Additionally, several synonyms of TD were found to all definitions that were retrieved 

from scientific papers. It was done according to procedure described in methodology 

section. The Table 2 represents occurrence of all synonyms in selected works. Six words or 

phrases that mean exactly or nearly the same as TD metaphor were found. 

 

 

Table 2. TD synonyms. 

 

Synonym Source 

Shortcut 

S11, S12, S2, S1, S20, S8, S84, S83, S81, S82, S47, S49, 

S52, S40, S24, S32, S42, S33, S43, S27, S22, S64, S37, 

S72, S23, S50, S35, S68, S41, S85, S63, S79, S73 

“code smells” / design 

principles violation 

S6, S2, S14, S18, S19, S8, S83, S81, S47, S46, S42, S45, 

S43, S27, S22, S51, S64, S37, S72, S39, S68, S53, S41, 

S86, S65, S57, S79, S73, S61, S62  

workaround / hack S1, S20, S82, S52, S46, S45, S35, S57  

Grime S81, S46, S45, S22, S53, S57, S62  

software aging 
S2, S4, S81, S82, S47, S45, S51, S64, S31, S34, S35, S41, 

S65 

spaghetti code S42, S51, S41  

 

Technical debt types 

 

Apart from defining TD in general, it was found that there are several different types of 

TD. In order to count each occurrence, every time that some new type of TD was found, it 

was noted and then used as a search string for automated search process. This automated 
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search was supposed to ensure the validity of obtained frequency statistics. This procedure 

is described in more detail in methodology section above. The Table 3 shows every 

occurrence of TD types in the source works. Overall, seventeen types were distinguished 

 

Table 3. Different TD types with information sources. 

Type Source 

design debt 

S6, S2, S4, S16, S7, S19, S84, S83, S81, S82, S47, S49, 

S44, S52, S46, S45, S43, S27, S71, S22, S64, S37, S72, 

S50, S39, S35, S26, S68, S53, S41, S86, S55, S57, S73, 

S62 

documentation debt 
S17, S2, S7, S84, S82, S47, S46, S42, S45, S27, S22, 

S64, S50, S39, S68, S41, S86, S65, S57  

testing debt / test debt / test 

automation debt 

S2, S7, S82, S47, S52, S46, S45, S27, S64, S50, S86, 

S55, S57, S56, S13, S84, S81, S22, S65 

architectural debt 
S7, S82, S49, S41, S57, S12, S16, S13, S14, S84, S47, 

S27, S64, S85, S66, S65, S54  

defect debt 
S7, S84, S47, S46, S45, S27, S22, S30, S50, S35, S86, 

S57  

build debt S12, S17, S84, S81, S43, S22, S72, S73 

requirements debt S17, S84, S22, S64, S39  

code debt / coding debt S84, S82, S45, S22, S57  

infrastructure debt S81, S47, S45, S22, S57  

people debt S13, S84, S47, S22, S65  

process debt S12, S27, S22  
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Type Source 

configuration management 

debt 
S39  

social debt S77  

service debt S22 

model debt S36  

technology debt S31  

 

 

Keyword, synonyms and TD types map 

 

In order to visualize the frequency of occurrence of each keyword the presented below map 

was drawn. It is depicted in Figure 10. The more often a keyword on this map occurs in 

selected definitions the bigger is the node which represents this keyword. 
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Fig. 10. Keywords map.
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5. DISCUSSION 

RQ1: What technical debt is? 

 

To answer this question it is necessary to consider the words obtained during the mapping 

study. All of them can be seen in Table 1 above with relations to the paper which they are 

originally obtained from.  In order to understand the context in which they were used it 

became necessary to conduct an additional automated search through all works participated 

in the study. Thus, in this part of the discussion, we will go over all of the most frequently 

used words in the definition of TD and see their role in the definition of this metaphor. For 

the better understanding, relationships between the keywords will also be examined and all 

major conclusions will be drawn in this part of the chapter. 

 

Cost 

 

Among the other keywords the most frequently occurring were the words related to the 

cost of software development, such as budget, cost, expenses and interest [1], [9], [47], 

[11]. The words from this set described the short term saved money as well as the 

necessary extra costs in the long term. In the case when these words were used in sense of 

savings, the most common purpose of their use was an excuse of accumulating TD. In 

other words, it is the reason why TD has appeared in this particular project. The both 

meanings are described by Allman [1] in his definition of TD: “technical debt is all the 

shortcuts that save money or speed up progress today at the risk of potentially costing 

money or slowing down progress in the (usually unclear) future”. The words in the first 

part of this definition were primarily related to the short-term benefits as well as other 

advantage descriptions, such as the rapid meeting of market needs, various business 

benefits or faster release date. Also, a relationship can usually be noticed to those words 

that describe something that was sacrificed for these benefits. It is necessary to mention 

here the lack or complete absence of refactoring, modularity violation, and incompleteness 

of the system or separate artifacts such as documentation, architectural or requirements 

artifact. It is much easier to write code without taking care of quality but after a while the 

money which was saved in this way will have to be returned.  
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On the other hand, cost description of the project has also been used to represent a negative 

component of TD. If you are going in a debt, you will have to return it sooner or later. 

Moreover, the later the debt is returned the greater amount of interest has to be paid 

together with the principal payback. The increase of what is necessary to be returned over 

time, or in other words, interest is probably the main negative characteristic typical for TD, 

which motivates its return as soon as it is possible. In this context, the words about the 

cost, budget and expenses were linked with keywords denoting negative effects for further 

development and modification of the software system. As the basic concept, quality of the 

software system can be given as an example. There are also several other keywords related 

to it such as maintainability of the system, which is deteriorating the more in debt we are. 

Increasing complexity of the system, which can become eventually deadly for any software 

project, and additional hidden work, which has to be done before interest of the debt 

become unbearable, can be other examples of possible negative effects here.  

 

Every point mentioned above increases the cost of system development. The budget 

allocated to the project can eventually become no longer sufficient despite the initial 

savings that became possible owing to going into TD. 

 

Quality 

 

Another key issue which has been often mentioned in connection with TD is quality of the 

software system. The concept of quality can be divided into quality which is visible to the 

end user and quality which is visible to developers only [37]. Despite the fact that the final 

system can have really high quality from a user perspective (good performance, high 

responsiveness, the lack of obvious defects), the situation may be very different as soon as 

there is a need to look under the hood. 

 

Often much more developer’s time is spent on reading code than on writing it [49]. It 

happens so because in order to add something new or to modify existing code it is 

necessary to bind it with the existing modules. Here, code convention compliance, code 

modularity, duplication rate, and code comments coverage characteristics are coming to 

the fore [26]. 
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Some characteristics of quality code may affect both the quality visible for users and 

internal quality of the code. Among them unit-tests coverage is worth mentioning. In order 

to understand the relationship between quality and TD metaphor it is worth looking at each 

of these characteristics separately.  

 

Code convention compliance determines to what extent the code which is written by one 

programmer will be readable for another one. It is not a secret that many software projects 

take place in a team. To add something new to the code which is already written a team 

member has to read the existing code to understand how it works [62]. To simplify the 

reading process a large set of rules is usually used. These rules are supposed to govern the 

naming of variables, the largest possible size of the separate functions or the order of 

indentation and whitespace usage. Additionally, it must be said that these rules are always 

under the syntactic rules of the used programming language and can not contradict them. 

The purpose of these rules is not making the code work properly, but its readability and 

understandability for the rest of the team [62]. 

 

Code duplication leads to the need of making changes to multiple parts of the program 

when it could be done by a single atomic action. Thus duplication can lead to a loss of 

some necessary changes and through it to a mismatch in the program, which in turn is 

likely to become an error. Also, duplication usually increases the complexity of code, 

because each team member has to remember all the places of its appearance and 

understand the long chain of actions necessary to modify it [30].  

 

The complexity of code directly affects the time which is required for its understanding 

and, thus, the cost of modifications. This characteristic is a result of duplication and 

neglecting the set of rules and conventions described above [41].  

 

Commenting code can degrade its readability in case of its redundancy as well as in case of 

its deficiency [12]. Each comment should be justified. In other words, comments should be 

left only where they are needed, but their use in the places which are difficult to understand 

is extremely desirable. Sometimes, in accordance with the team code convention 
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comments may be replaced with another similar documentation process. However, 

ignoring the process at all is likely to lead to the TD of documentation [12]. 

 

The unit tests coverage allows a developer to make sure that no changes will harm the 

existing functionality [46]. Thereby the lack of adequate coverage will lead to increased 

complexity of introducing changes and potential errors. Correction of these errors as well 

as larger amount of time required for introducing changes can be characterized as the 

interests of testing TD. Test driven development (TDD) approach suggests writing unit 

tests before actual code in order to avoid TD [46]. 

 

Complying with all the points mentioned above demands both time and money, which 

leads to the temptation of ignoring them. It is especially so if an action which supposed to 

improve the existing situation does not give any immediate visible effect such as profit or 

saving of costs.  

 

However, neglecting one or more of these characteristics may result in going into TD. The 

elimination of them will only be possible after some work on refactoring of existing code 

or completion of missing artifacts such as documentation or unit tests are done.  

 

Time 

 

Time as a characteristic from the selected works is often mentioned due to its shortcoming. 

According to several authors [7], [67], time is one of the reasons of going into TD. The 

same need can be expressed in different words such as release date, deadline or reach of 

markets [1], [43], [63] used in the context of strict requirement which limits the project. 

Indeed, sometimes a team can face a choice between the complete failure of a project, 

because impossibility to meet the customer's deadline requirements and sacrificing code 

quality, which is usually visible only to developers. The second choice here is likely to be 

meaningful. Acquired in such way, reckless and deliberate (in Fowler’s terms [21]) TD can 

be paid immediately after the deadline, for example in case when the project follows an 

incremental or spiral process model and the development team is simply entering a new 

iteration. However, problems can emerge when software development is carried out within 

a constant lack of time and as a result it can be followed by infinitely increasing TD. 
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Developers just are not able to solve the problems created during the previous iterations 

because the list of new features required for implementation in the current iteration is even 

bigger than the previous ones. A possible reason of these problems may be some 

management’s misunderstanding of the necessity of the aforementioned procedures that 

keep internal quality of the product high. Only external quality is taken into account in 

such case, because it is visible to users and potential buyers of the product. 

 

The strength of the metaphor proposed by Cunnigham consists precisely of its ability to 

explain the following disastrous consequences to people whose technical expertise is not 

sufficient. It can prove an importunacy of considering the internal quality improvement of 

the software as an integral part of any development. 

 

To sum up, we can say that the cost and quality are one of the most important key words 

describing the TD, whereas the balance between them is the foundation of the whole TD 

metaphor. Wherein, the representation of time is rather complementary, that is, the time 

seems to be an important restrictor which can justify TD emergence. 

 

 

Short term benefits versus long term stability 

 

We have found several mentions of contradistinction between short-term benefits and 

long-term stability of the project which is sacrificed because of going into TD. Most of the 

sources agree that one of the most important points is the ability to manage TD and benefit 

from it in short term [35], [52], [55]. In case of a sharp necessity, for instance lack of time, 

TD can be used as a provider of resources. On the other hand, constant monitoring and 

well-timed discontinuation of the resulting software deterioration is essential in order to 

form long-term stability and reduce the current TD through refactoring procedures or 

elaborating insufficient or even absent artifacts.  

 

It is often emphasized that TD itself does not have a negative connotation [17], [35], [37]. 

It can be considered an instrument which is like cash loan. To get benefit from it you have 

to know how to use it correctly and follow the rules. Problems arise when the mechanisms 

that generate TD are either ignored or deliberately neglected to obtain greater benefits 
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without any regard to the enormous challenges awaiting the project in the future. To 

understand the concept of contrast between short benefits and long term stability it is better 

to visualize it into example graph. 

 

 

 

Fig. 11. TD explanation. 

 

On the Figure 11 we can see the hypothetical situation depicted in two dimensions: time 

and effort. At the moment of beginning we have a level of effort that our team spends on 

the project, which we can present as an action committed with the intention to make 

overall progress in the development. On the other hand, we have maintenance activities 

associated with the project. Their purpose is keeping an appropriate level of produced 

artifact’s quality (the above-mentioned refactoring activities, writing documentation, unit 

tests, and maintain code in a clean condition with no “code smells”). At the moment when 

we come to the green point we are in balance. Then, for the sake of short-term benefits, 

such as for instance finishing the current iteration faster, we are going into TD reducing 

our efforts spent on quality related activities to some minimum or even abandon them 

completely. Now, for a while, we can spend our resources only on the improvements that 

will visible for the user.   
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The problems appear when we need to turn back to the previously written "dirty code". 

The less effort on the quality we were spending before the worse the effectiveness of its 

modification will be. And with the course of time, our efficiency will only be degrading, if 

we do nothing to change this situation. This is the interest of TD [1].  

 

The red dot is important here. After it, our efficiency is reduced so much that the interest 

paid on the debt will not allow us to obtain short-term advantage anymore. Starting from 

here, TD burdens us and sooner or later it may lead to the situation when the code is 

completely unmaintainable [1], or the further debt increase is not economically feasible 

anymore. 

 

The way out of this situation would be a review of old code and an attempt to simplify it, 

to change it in such way that it is becomes easier to read. If it is not a code debt, it is 

necessary to complete artifacts and perform activities related to this kind of TD, for 

instance pay some attention to a scanty documentation [2]. In this case, the reasons for 

wasting efforts will be eliminated and the project will continue to develop in normal pace. 

The discipline of TD management (TDM) is responsible of determining the best possible 

pattern of transition between these phases [24]. This activity also involves the 

measurement of TD and establishing the necessary operations for its repayment. 

 

The TD case which is presented on the graph above is very schematical. The lines would 

not be so straight in case of real practice. The distance between the green and the red dots 

as well as the dynamics of interest growth can also vary greatly. However, this diagram 

explains the essence of metaphor in respect of long-term and short-term decisions for a 

common understanding of it. 

 

Tradeoff and compromise 

 

Multiple sources report that from a practical point of view TD is a tradeoff or compromise 

between different points [44], [35], [22]. There have been found different definitions which 

prove that tradeoff or compromise is an essence of TD. For example Lim et al. defines TD 

as “tradeoff among quality, time, and cost” [44]. Klinger et al. defines it as “tradeoff 

between  implementing  some  piece  of  software in  a  robust  and mature  way  (the 
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“right” way)  and  taking  a  shortcut  which  may provide short term benefits” [35] and 

Fraser et al. describes it as tradeoff between most appropriate versus immature product: 

“trade-offs between delivering the most appropriate –albeit likely immature –product, in 

the shortest time possible” [22]. All these definitions compare different pairs of software 

project characteristics and define TD as a tradeoff between them.  

 

Best practices avoidance and dirty code 

 

Several sources describe the TD problems as committed inadvertently, by carelessness or 

due to lack of a sufficient level of expertise obtained by personnel engaged in the 

development [5]. Excessive exaggeration of any mistakes or wrong decisions to TD can 

overextend metaphor. But still, the inadequate training, lack of right skills, and work on the 

code without using the best practices adopted from the current industry realities may lead 

to problems that can be described as going into unintentional TD [65]. 

 

There are also other sources of such unintentional TD. As it is described by Klinger et al., 

“unintentional debt that the architects and other stakeholders did not actively incur, but 

which was caused by situations such as acquisition, new alignment requirements, or 

changes in the market ecosystem” [35]. Here TD is described as something that resulted 

from the impact of external factors beyond the control of the development team. External 

changes were ignored, the project was not adapted, additional resources, such as time and 

cost, have not been allocated in order to coping with the new reality. Following the basic 

idea of TD, situation will deteriorate until the debt will not be paid back. The more time is 

needed for realization of the presence of such debt, the greater the extra effort it will be 

necessary to spent. 

 

Also TD cannot be simplified or reduced to “dirty code” solely [65], which in fact prevents 

including "dirty code" keyword in a group of synonyms. However, this phrase occurs in 

the collected definitions of TD six times, which suggests that it is important. This part is a 

reference to one of the types of TD, in particular code debt, which will be discussed later.  
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Postponing changes 

 

Postponing necessary changes can cause TD [63]. However, some sources distinguish the 

difference between delaying introduction of new functionality and shelving some 

qualitative changes that are not visible to the end user directly but affect the product 

stability, as well as its maintainability. According to Kruchten et al., “New features visible 

to the user in the form of additional functionality should not be considered as technical 

debt, as this would also dilute the term” [37]. On the other hand it is better to differentiate 

from the situation about which the original Cunnighams definition says: ““not quite right 

code” which we postpone making it right” [8]. Here, the “not quite right code” demands 

some urgent attention and postponing such kind of changes creates TD. 

 

Maintenance 

 

Maintenance in software engineering is an activity which consists of different actions such 

as correcting faults, extending system or improving some characteristics of it [53]. The 

relationship between the maintenance and TD can be expressed as increasing time and 

effort when significant TD exists. Thus, it can be said that if there is no need to maintain 

code after writing it, for instance in case of a temporary prototype, the code can be quite 

“dirty” without compromising the whole project. The problem of TD appears when we 

need to address to the written code more than once and addressing the code second time 

and so forth is usually related to the term maintenance [53].  

 

Secondary and tertiary keywords 

 

As it is described in methodology chapter, we consider keywords that occurred five or less 

times secondary and keywords that occurred only once - tertiary. Low frequency of 

occurrence of these words can be interpreted as an indication that their use was situational 

(in the case of secondary keywords) or random (more likely, in the case of tertiary 

keywords).  

 

Several of these keywords can be used to describe TD alone but due to a sharp decrease in 

quality of such definitions we decided nevertheless to classify them to keywords. For 

instance hidden or invisible work may be a variant of unintentional TD but it should not be 
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considered a full description of TD because it reduces metaphor description to 

unintentional debt only. Holvitie [29] describes TD as “The process of accumulating 

hidden work”, which implies that TD was acquired through ignorance. Also, invisibility 

can be used as adjective for risks, “label and communicate (internal) software quality 

issues, its hidden risks for future development and maintenance as well as their costs 

incurred” [47]. This means the lack of understanding of TD mechanisms and severe 

consequences following absence of TDM. 

 

Seaman and Zazworka define TD as “Incomplete, immature, or inadequate artifact in the 

software development lifecycle” [60]. According to these authors, TD is “tasks that were 

left undone, but that run a risk of causing future problems if not completed” [60]. However 

incompleteness keyword itself without other characteristics inherent to TD does not 

provide any information about such required parameters as reasons, consequences and 

related problems. 

 

Rubin et al. define TD as “the toll that suboptimal decisions or actions impose on the 

future welfare of that project” [57], which raises a new key phrase “suboptimal decisions”. 

Although it may be used alone to describe TD, it would be rather incomplete definition. 

The mentioned above cite emphasizes that TD is not the suboptimal decision itself but its 

consequence, “the toll” that need to be paid in due time. 

 

 

 

RQ2: Which synonyms of the technical debt metaphor are there? 

 

To answer this question we considered all keywords and phrases that were used in selected 

papers with the same or similar meaning to TD. This can be important in order to 

understand TD itself and distinguish it from other concepts which are close but have some 

important differences. 
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Bad code smell 

 

The term “bad code smell” (or shortly “code smells” or just “smells”) was introduced by 

Beck and gained popularity through Fowler's and Beck's book about refactoring process 

[20]. “Code smells” is basically any symptom in program source code that indicates deeply 

hidden issues in code or is “violation of fundamental design principles and negatively 

impact design quality” itself. Thus, we can conclude that Cunnigham's TD and Beck's 

“code smells” terms are closely related. By and large, violations of design principles and 

coding best practices are TD itself [10], which will slow down the development in the 

future, draw additional attention and cause wasted efforts. Also, it can be so that “code 

smells” indicates possible problems hidden in the code. The close relationship and 

similarity of these two metaphors can be demonstrated by frequent use of metaphors “code 

smells” in the works referring to Cunnigham (32 out of 84). Examples of “code smells” 

are: 

 Duplicated code in different places of the system. 

 Function or procedure which became too big or complex (too many branches 

and/or loops can indicate the function should be split). 

 God object, which performs more than one role and grown up to epic proportions. 

 Too many parameters needed to call a function. 

 Feature envy: a class that uses some parts of another class too often. 

 Excessively long or short identifiers that make the code less readable [68]. 

 

Schumacher el al. [58] report about possible automation of “code smells” search. This is 

applicable for some of its types (particularly “God object” was discussed) detection, which 

can be very helpful in managing TD process in order to understand the extent of existing 

problem. Also, we can assess how much effort is needed to alleviate this situation. 

 

Additionally, the term "spaghetti code" has also been used quite often as an indication of 

complex code. This one has mostly been used to address code debt. Tufano et al. [66] 

present it as a kind of “code smells” and gives such description: “Spaghetti Code is a class 

without structure that declares long methods without parameters”. Although, according to 

other sources, this metaphor rather describes code which is confusing to such extent that it 

http://en.wikipedia.org/wiki/Duplicate_code
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cannot be understood. The flow of its control is difficult to understand, and follow [19]. 

According to Tufano et al. [66], “code smells” can have side effects such as increase in 

change- and fault-proneness, or decrease of software understandability and maintainability. 

 

Shortcut 

 

Shortcut is another synonym of TD. It has been widely used in selected papers (33 out of 

84) sometimes to describe TD and sometimes as a separate definition of the same issue that 

the TD metaphor represents. For instance, Brown et al. [3] defines design shortcut in the 

similar way that TD is defined. 

 

Design shortcuts can give the perception of success until their consequences start slowing 

projects down. Yli-Huumo et al. [67] defines shortcut as omitted quality, which coincides 

with the understanding of the TD described in paragraph about short-term benefits versus 

long-germ stability. According to the same source, “shortcut, is used to save development 

time and deliver a solution faster to the customer” [67], which is relevant to the previously 

mentioned material in the section about time. Additionally, shortcut itself can be taken in 

any phase of software development. This corresponds with the different kinds of TD that 

are described below.  

 

Shull et al. [60] goes even deeper into financial part of TD metaphor and divide the 

intentional TD into short-term debt and long-term debt, which represent respectively small 

shortcuts like credit card debt, and strategic actions like a mortgage.  

 

All these points suggest that TD which can be a result of shortcut is deliberate and is made 

intentionally, unlike unintentional going into TD, which usually happens because a lack of 

necessary skills or human factor (inattention or error). 

 

Workaround or hack 

 

Workaround word is rarely used to describe TD (8 references from 84 works), but it is 

enough to include this word in the list of TD synonyms. Some sources describe 

workaround as something that we would not use if everything were normal. It is code or 

design which is not obvious and not easy to understand. It can be used to bypass certain 
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difficult points aside and sometimes it may already be a result of TD. Thus, the need to use 

a workaround suggests that we are already paying interests and falling into debt even more. 

Moreover, workaround is not necessarily taken in the coding phase of software 

development, there can be design or other kinds of workarounds. This makes its concept 

much closer to TD. Tom et al. [65] in an interview with the developer ascertain that: 

“implementing  workarounds  for  issues  in  the  code  can  take  significant  time, 

discovering  that  you  have  to  implement  a  workaround  in  the  code  can take  longer,  

and  it  can  be  quite  difficult  to  find  reference  information that  can  tell  you  that  if  

your  thing  has  this  problem,  then  you  need  to do  this  thing”. On the other hand, Lim 

[43] argues that the inclusion of workarounds, hacks and band-aid solutions to TD is a 

desirable extension to the original Cunnigham‘s metaphor.  

 

Generally, hack or workaround is something that is created to avoid some significant (for 

instance time consuming) challenge instead of facing it. This approach can lead to 

problems in the future that can be considered a part of TD. 

 

Grime and Rot  

 

Both concepts are rather less related to TD than previously mentioned ones. Seaman et al. 

[60] define grime as “accumulation of non-pattern code in classes following a design 

pattern” and rot as “changes that break the integrity of a design pattern”. So, basically, 

both concepts describe dilution and subsequent destruction of the code which originally 

followed certain patterns. These patterns were supposed to make code more readable and 

maintainable but the dilution of them with non-paternal parts can become TD in the future.  

 

Software aging 

 

Software aging concept implies that software can degrade even if nobody has touched it 

since it is developed. Falessi et al. [17] claim that “systems  to  remain  useful  must 

change, and that change will increase their complexity, leading to software  decay  if  

refactoring  is  not done  as  needed”. This is different from the concept of TD in a sense 

that no symptoms indicating the presence of a TD appear over time in the system. 

However, the longer the system remains unchanged the less it is needed by the end user. 

Thus, to avoid system aging the constant modification of the whole system is needed. 
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Modification in turn may cause TD if it is made without employing best practices 

available. 

 

RQ3: What types of technical debt are mentioned in scientific works? 

 

As it is mentioned before, TD cannot be reduced to just "dirty code". Problems that are 

similar in characteristics described with Cunnigham's metaphor may arise in other areas 

related to software development. All these problems may have similar dynamics or 

common properties. Also, all of them have in common that their disregard for a long time 

can cause pernicious effects [2].  

 

In order to find the answer to this research question, mention of various TD types were 

collected from our scientific papers sample. As a result, the classified core group consists 

of TD types that arise at most software lifecycle stages and during different related to the 

lifecycle activities. 

 

The most frequently mentioned of them in the selected works were: 

 Requirements debt refers to incomplete requirements implementation [2]. 

 Architectural debt refers to problems in software architecture or possibly to 

architecturally significant requirements. This debt usually cannot be paid by simple 

correction of code because roots of existing problems are deeper [2], [36], [65]. 

 Design debt refers to TD incurred because of good object-oriented design 

principles violation [2], [25], [51], [65]. 

 Code debt refers to problems in software code which make it difficult to read and 

maintain. Usually it is related to bad coding practices and can be eliminated by 

refactoring [2], [51], [65]. 

 Testing debt, test debt, and test automation debt refer to debt appeared because of 

insufficient testing or test automation activities performed [2]. 

 Configuration management debt refers to debt acquired because deficiencies in 

eponymous activity [47]. 

 Documentation debt refers to missing, inadequate or incomplete documentation 

related to the project [2] [25], [65]. 
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In addition to this group some authors have examined and proposed in their works some 

additional types described below. 

 

Social debt and people debt 

 

Several authors claim that the TD metaphor can be transferred from purely technical field 

in the social one because they have been always interrelated with each other. According to 

Tamburri et al. [64], “Social debt” in software engineering informally refers to unforeseen 

project cost connected to a “suboptimal developed community” or the degree to which it is 

immature or unable to tackle a certain development problem. This concept can present lack 

of trust within a community, which can lead to project failure. But the authors [64] admit 

that this concept is vague and “far from being a clear-cut financial figure”, which is quite 

opposite to the TD concept.  

 

Six other papers suggest that there is people debt. An example of it is given by Alves et al. 

[2]. It is when expertise is concentrated in too few people, as an effect of delayed training 

and/or hiring. This situation can affect overall stability of the project and make it 

dependant from decisions of few people. Disappearance of them can cause disastrous 

consequences for the whole project. 

 

Model debt 

 

According to Lindgren [45], model debt measures and communicates the software quality 

of the domain model. It consists of three parts: 

 Business isolation debt. It indicates how well the business logic is isolated from 

technical infrastructure and irrelevant business logic. 

 Business behavior debt. It indicates the amount of knowledge crunching (process of 

distilling of the complex and unstructured knowledge of the domain experts into 

rigorous concepts which form a domain model) carried out in the domain model. 

 Inefficient business debt. It indicates how efficiently the current domain model 

solves problems in the domain. 

 



 

44 

 

Technology debt 

 

According to Magnusson and Widel, technology debt is defined as “Accumulated 

obligation owned by current CIO (debtor) to future CIO (creditor), where previous 

decisions limit prospective decisions” [32]. In general, this concept is rather a derivate 

from TD than is its kind. 

 

Defect debt 

 

According to Seaman [59], defect debt means knowing about existing defects and still 

postponing fixing them. Several authors argue with this approach to TD claiming that the 

addition of defects in the concept of TD metaphor only dilutes it [37]. 

 

Build debt  

 

Alves et al. [2] states that build debt refers to build activity and related issues that make 

this task harder or more time/processing consuming without any purpose. There can be 

unnecessary code or ill-defined dependencies which should be deleted instead of keeping 

them inside the project. Without doing this, the building process becomes slower. It is 

more difficult to integrate project continuously with significant build debt accrued. 

 

Infrastructure and automation debt 

 

Infrastructure debt refers to infrastructure issues that can delay or hinder some 

development activities if they present in the software organization [2]. Some examples of 

this debt kind are delaying an upgrade or postponing infrastructure fix. Codabux et al. 

define it as “work that improves the team’s process and ability to produce a quality 

product” [7], which is quite similar to automation debt concept. Automation debt is 

defined as “the  work  involved  in automating  tests  of  previously  developed  

functionality  to  support continuous integration and faster development cycles” [7].  
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Process debt  

 

Process debt indicates that the process which is employed by developers is outdated and 

needs renovation. The process could be designed to handle issues that are not existed 

anymore. Also, it may have a lack of embedded tools which would be able to help 

developers cope with difficulties that they face regularly. It is known that process itself is 

continuously developing together with the software system [18]. Paying less attention than 

it is needed to process-related problems can cause this kind of debt [37], [2], [27]. 

 

Service debt 

 

Service debt is briefly mentioned by Alves et al. [2] as a type of TD when there is a need 

of service substitution driven by business or technical reasons. Without well-timed 

replacement or renewal services can become tedious to maintain and cause distraction to 

developers especially in case of large service ecosystem. There are several dimensions that 

can be covered by service debt metaphor: selection, composition and operation of the 

services. 

 

RQ4: Is it possible to build the general definition of technical debt 

metaphor? 

 

In order to summarize everything discussed above, we tried to gather all the keywords 

retrieved from selected articles in definitions of TD. Construction of the final definitions, 

which are supposed to incorporate all important keywords, is the last stage of this research. 

Due to big quantity of keywords it was difficult to incorporate them in one big definition 

because the definition of such size does not make much sense. Therefore, we decided to 

create several descriptions of TD from the different points of view. 

 

Building the definitions we actively used keywords frequency of occurrence statistic, 

which is one of the results of this study. In order to build the definitions all the most used 

keywords were combined together in such a manner that they emphasize the main 

contradistinctions discussed above: short term benefit and long term stability, quality, time 
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and cost categories, and postponing changes instead of employing best practices. All three 

definitions are provided below: 

 

A compromise between short term benefit (for example meeting of immediate 

market needs) and long term stability, extensibility and internal consistence of the 

system under development. 

 

A tradeoff among quality, time and cost of the system which is made in favor of 

making shortcut that eventually leads to increased complexity of the system and 

quality gap between current situation and what should have been otherwise. 

 

A decision to postpone necessary changes or to do them “fast and dirty” and pay 

for that with future maintenance cost instead of employing best practices right 

away. 

 

The proposed definitions cannot describe TD metaphor in its full complexity. They rather 

aim to summarize the whole discussion made above and give a short overview of all 

knowledge gathered during this research.  

 

There is also another way to define TD. Instead of defining the very concept, we can 

distinguish what TD is not and thus, limit its definition or in other words, put it in a frame 

that will determine TD better than a direct description. Most of such frames were outlined 

in the discussion above by mentioning them in conjunction with the relevant keywords. So, 

as it is mentioned above, TD should not be simplified to the level of one of the types 

described above, such as code debt for example. Also, TD should not be equated with 

defects or errors in software project because it can dilute the definition.  
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6. CONCLUSION 

 

TD is a widespread metaphor which describes the problem of avalanche-like increasing 

complexity of software project, deterioration of its maintainability and prospects for further 

development in the case of neglecting necessary work related to internal quality. In recent 

years, more and more practitioners have been using this metaphor to explain existing 

problems in their software project. Therefore it is important to understand the meaning of 

this metaphor to pinpoint and solve the existing problem. In order to do that systematic 

mapping study was performed. We finished this study by creating keyword map of the 

most frequently used words and phrases that describe TD. It is also important to remember 

that TD is not only one metaphor which aims to describe problems of software 

deterioration. In order to understand this problem better, all derivates and synonyms of TD 

were gathered and classified. Also, TD can be divided into types. This division allows 

allocating and systematizing distinctions that are emphasized by various sources which 

were considered during the study. Overall, 33 keywords or phrases were found, 6 

synonyms and 17 of TD were distinguished. 

 

Despite all attempts that were made in defining TD, there is no simple answer what TD is. 

This phenomenon is complex and strongly dependent on the realities of the particular 

project. Therefore it is rather matter for discussion than a strong statement. 

 

Despite existing secondary studies [42] and various interview with practitioners [43] 

enabling to define the problem of TD in software engineering better, the topic still has 

much room for additional research activities which hopefully might be based on the results 

of this work.  
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APPENDIX 2.  Table of retrieved definitions 

 

Definition 

Index 

Source 

index 

Definition 

D1 S68 Tradeoff among quality, time, and cost 

D2 S69 Technical  debt  is  the  cost difference  between  doing  things  

right  versus  doing  things fast 

D3 S11 Trade off short-term gain for a longer-term cost 

D4 S35 …you can’t get everything you want done and therefore, you only 

do the things that are not necessarily the most important but the 

things that will give you the most payoff 

D5 S11 Tradeoff between  implementing  some  piece  of  software in  a  

robust  and mature  way  (the  “right”  way)  and  taking  a  

shortcut  which  may provide short term benefits, but which has 

long term effects that may  impede  evolution  and  maintainability 

D6 S6 Embodies the dichotomy between decisions focusing on the long-

term effects to the quality of the software versus focusing on the 

short term effects on the time-to-market and business value of the 

software 

D7 S6 Code smells - poorly designed areas of the software which 

strongly indicate a need for refactoring 

D8 S12 Doing things the “quick and dirty” way 

D9 S12 A design or construction approach that's expedient in the short 

term but that creates a technical context in which the same work 

will cost more to do later than it would cost to do now (including 

increased cost over time) 

D10 S17 Problem of deciding when and how to refactor a system 

realization to improve its structure as a basis for future evolution 



 

65 

 

Definition 

Index 

Source 

index 

Definition 

D11 S2 Compromises in a system in one  dimension (e.g., modularity) to 

meet an urgent demand in some other dimension (e.g., a deadline), 

and that such compromises incur a “debt”: on which “interest” has 

to be paid and which the “principal” should be repaid at some 

point for the long-term health of the project 

D12 S4 Key  trade-offs  related  to  release  and quality issues 

D13 S1 Results from the tension between engineering “best practices” and 

other factors (ship date, cost of tools, and the skills of engineers 

that are available, among others) 

D14 S1 Strategy to save time or money 

D15 S1 All the shortcuts that save money or speed up progress today at the 

risk of potentially costing money or slowing down progress in the 

(usually unclear) future 

D16 S13 It is “not quite right code” which we postpone making it right 

D17 S20 Workarounds increase complexity which makes enhancements 

and testing more challenging 

D18 S20 Technical debt is any gap within the technology infrastructure or 

its implementation which has a material impact on the required 

level of quality 

D19 S14 Refers to immature work in a software system that takes 

compromises in one dimension to meet urgent needs in some other 

dimension 

D20 S10 Lack of refactoring incurs technical debt to be repaid in the form 

of increased maintenance cost 

D21 S15 Phenomenon in which technical quality issues in a software 

system can lead to future problems if not resolved immediately 



 

66 

 

Definition 

Index 

Source 

index 

Definition 

D22 S15 Technical debt is defined as the cost to improve technical quality 

up to a level that is considered ideal. The interest of technical debt 

is the extra cost spent on maintaining software as a result of poor 

technical quality 

D23 S15 Unintentional debts generally result from poor coding practices. 

Intentional debts, on the other hands, are debts committed with 

informed decisions 

D24 S15 The cost of repairing quality issues in software systems to achieve 

an ideal quality level  

D25 S18 Code smells - characterize different types of design shortcomings 

in code 

D26 S18 Code smells - indicator that points to the violation of object-

oriented design principles 

D27 S7 Describes the effect of immature software artifacts on software 

maintenance – the potential of extra effort required in future as if 

paying interest for the incurred debt 

D28 S19 Long term maintenance tradeoff 

D29 S8 Code smells refer to commonly occurring patterns in source code 

that indicate poor programming practices or code decay. 

D30 S8 Code smells are symptoms of real problems in source code, such 

as violations of coding convention, shortcuts or bad designs 

D31 S8 Technical debt metaphor reflects the relationship between the 

short-term benefits of delaying certain maintenance tasks (or 

doing them quickly and less carefully) and the long-term cost of 

those delays 

D32 S86 TD metaphor describes a tradeoff between short-term and long-

term goals in software development 

D33 S58 Including both intentional and unintentional violations of good 

architectural and coding practice 
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Definition 

Index 

Source 

index 

Definition 

D34 S59 Problems or quality issues in software that will cost organizations 

owning the software greater expenses if the problems are not 

resolved 

D35 S59 Technical debt is costs to repair problems in software systems in 

order to achieve an ideal level of quality 

D36 S78 Software maintenance projects are often constrained by budget, 

schedule and resources. To meet these constraints, trade-offs are 

made throughout the software development lifecycle. While these 

trade-offs allow project teams to meet customer and management 

expectations in the short run, the compromise results in additional 

cost later in the maintenance process. This phenomenon is known 

as “technical debt” 

D37 S63 Often we find it difficult to adapt to any changes during later 

phases of a software development project. Primary reason for this 

is rigidity in design and code which do not allow major changes to 

be incorporated. This inflexibility substantially increases the cost 

of post-delivery enhancement and maintenance and is termed as 

Technical Debt 

D38 S70 Technical debt is a useful tool for identifying deviations from 

desired practices and for measuring improvement of the code. 

D39 S77 Social debt - represents the set of strained social relationships that 

emerges as a consequence of debtor-creditor circumstances 

D40 S8 Technical debt is the consequence of trade-offs made during  

software  development  to  ensure  speedy  releases 

D41 S8 The cost to improve software  quality  to  an  ideal  level 

D42 S54 Navigating a path that considers both value and cost, to focus on 

overall return on investment over the lifespan of the product 

D43 S56 An operational liability which may incur an interest if not 

managed, cleared and transformed from liability to value 
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Definition 

Index 

Source 

index 

Definition 

D44 S61 A situation in which developers accept quality compromises in the 

current release to meet a deadline (e.g. delivering a release on 

time) 

D45 S62 Code smells - choices in object-oriented systems that do not 

comply with widely accepted principles of good-object oriented 

design 

D46 S62 Modularity violation 

D47 S43 Tradeoff potential longer-term benefits of thorough conformance 

to development and maintenance standards for the immediate 

short-term business benefits of rapidly adding functionality by 

taking shortcuts (i.e., incurring technical debt) 

D48 S1 Shortcuts that save money and time today can cost you down the 

road. 

D49 S38 Technical debt is simply defined as deferred work that is not 

directly related to new functionality, but necessary for the overall 

quality of the system 

D50 S49 Product’s deficiencies,  caused  by  shortcuts  or incomplete  

engineering knowledge, which may speed up software 

development and delivery,  but  inevitably  have  their  drawbacks  

and  incur additional,  delayed  costs 

D51 S46 Aspects of the software we know are wrong, but don’t have time 

to fix now 

D52 S46 Grime: accumulation of non-pattern code in classes following a 

design pattern 

D53 S40 The  burden  placed on  software engineers when shortcuts taken 

to speed development lead to  long-term  production  setbacks 
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Definition 

Index 

Source 

index 

Definition 

D54 S24 Technical Debt is a risk to the cost and operational performance of 

critical business applications, and left unaddressed can so degrade 

an application that its benefits to the business cannot be justified 

by its growing costs or operational risks 

D55 S24 System evolves its complexity increases unless work is done to 

maintain or reduce it 

D56 S24 Future costs attributable to known structural flaws in production 

code that need to be fixed, including both principle and interest 

D57 S32 Unnecessary  complexity  in design  and  code,  knowingly  or  

unknowingly 

D58 S33 The  rework  or  unfulfilled outcomes/capabilities  that  result  

from  insufficiently  (or  poorly)  engineered  or  implemented 

solutions 

D59 S33 When teams overly focus on expedited engineering, taking 

shortcuts that impact longer term maintenance,  rework,  and  

evolvability  of  the  system 

D60 S45 Technical Debt is the gap between: Making a maintenance change 

perfectly (Preserving architectural design, Employing good 

programming practices and standards, Updating the 

documentation, Testing thoroughly) And making the change work 

As quickly as possible With as few resources as possible 

D61 S43 Software development and maintenance shortcuts taken by 

programmers to deliver short-term business benefits  

D62 S27 Technical debt is a metaphor for delayed software maintenance 

tasks (or doing them quickly and less carefully) on software 

projects 
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D63 S27 As a result, low-quality artifacts emerge, which in turn adds more 

constraints on future maintenance tasks and makes modification 

more difficult, costly and unpredictable. This phenomenon is 

called “Technical Debt” 

D64 S27 Delayed or “quick and dirty” work in the design and 

implementation phases, resulting in immature code, but this 

metaphor has been extended to include any immature artifacts in 

the software development lifecycle 

D65 S27 Code smells - patterns that indicate poor programming practices 

and bad design choices 

D66 S22 Technical debt is a term that has been used to describe the 

increased cost of changing or maintaining a system due to 

shortcuts taken during its development 

D67 S22 Development team takes when it opts for an easy approach to 

implement in the short term, but that has a great possibility of 

having a negative impact in the long term 

D68 S22 Technical Debt includes those internal tasks you choose not to do 

now, but it runs a risk of causing future problems if not done 

D69 S51 Code bad smells, i.e., symptoms of poor design and 

implementation choices 

D70 S51 Trade-offs between delivering the most appropriate but still 

immature product, in the shortest time possible 

D71 S85 Measuring architecture rework as a proxy for short-term versus 

long term trade-offs, a.k.a technical debt 

D72 S53 Short-term  goals  in  software  development  are  traded  for long  

term  goals  (e.g., quick-and-dirty  implementation  to  reach  a 

release date vs. a well-refactored implementation that supports the 

long  term  health  of  the  project) 
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D73 S37 Various weaknesses in the design or implementation of a system 

resulting from trade-offs during software development usually for 

a quick release 

D74 S48 The consequences of decisions that affect the maintenance of a 

software system such as decisions regarding architecture and code 

structure are described with attributes of financial debt 

D75 S23 The problem of technical debt caused by shortcuts that were taken 

to increase development speed that result in code that is difficult to 

maintain 

D76 S50 Software practitioners accept compromises in the project in some 

magnitude (poor documentation, poor testing, incomplete system 

implementation, etc.) to meet time and budget constraints. The 

compromises in the system incur “technical debt” which has to be 

repaid at some point for the long term health of the project. If the 

debt remains unpaid, it could incur more additional costs, in terms 

of software that is harder to maintain and more error prone 

D77 S50 If there is anything that is still required to be done it comes as a 

debt that is why I consider this to be a technical debt 

D78 S50 It is basically the decision whether to implement the architecture 

in a standard compliant way or you make a decision based on time 

to, I wouldn’t say necessarily take shortcuts but to do the 

implementation as quickly as possible 

D79 S50 What I would consider technical debt is, if you are implementing 

part of a system or updating part of a system without taking 

enough care to keep the system maintainable and without enough 

care to keep the system consistent internally 

D80 S50 Without enough care to keep the system consistent internally 
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D81 S39 Issues and development risks incurred either intentionally or 

unintentionally throughout the entire software development 

process 

D82 S39 Label and communicate (internal) software quality issues, its 

hidden risks for future development and maintenance as well as 

their costs incurred 

D83 S39 Technical debt (TD) measures the effort necessary to clean up the 

code as well as the extra costs due to TD 

D84 S35 Technical debt is a metaphor for the consequences that software 

projects face when they make trade-offs to implement a lower 

quality, less complete solution to satisfy business realities 

D85 S35 …what shortcuts could you take that maybe gets you out to the 

markets faster versus, you know, that might cause you long term 

pain. 

D86 S35 …some  shortcut  that  has  been  taken  or  some  less  than  

desirable implementation has been done or we’ve de-scoped 

something for one reason or another and so we’ve acquired some 

amount of the work that can or should be done at some point in the 

future. The reason why I believe it comes into being is simple, you 

know, business situations. We don’t have an unlimited number of 

resources, we don’t have an unlimited amount of time, and so, the 

business reality forces us to make choices at points in time to be 

able to get the broader outcomes of, you know, delivering a 

solution 

D87 S35 Trade-offs, which is, what is ideal  versus  what  is  practical  or  

what  is  achievable,  I  guess  is  a  better  word,  given  the 

constraints 

D88 S26 It encompasses a relationship between the decisions made and 

their effect on the quality of  the  system 
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D89 S36 Software quality gap - disagreements about the amount of time 

that should be used for quality improvements 

D90 S41 The technical debt metaphor conceptualizes this tradeoff between 

short-term and long-term value: taking shortcuts to optimize the 

delivery of features in the short term incurs debt, analogous to 

financial debt, that must be paid off later to optimize long-term 

success 

D91 S41 The term ‘technical debt’ describes an aspect of the tradeoff 

between short-term and  long-term value in the development cycle 

D92 S29 The term technical debt describes this process of accumulating 

hidden work 

D93 S36 Model debt, which measures and communicates the software 

quality of the domain model 

D94 S34 Metaphor was originally used to describe the problem of not 

improving less-than-ideal code to non-technical stakeholders; "not 

quite right code which we postpone making it right" 

D95 S31 Technology debt - Accumulated obligation owned by current CIO 

(debtor) to future CIO (creditor), where previous decisions limit 

prospective decisions 

D96 S22 Different issues during the software development life cycle, 

covering aspects that impact negatively on deployment activities, 

evolution of a system or any obstacle that hinders the progress of 

activities involved in its development 

D97 S27 Architectural violations or deficiencies in source code; testing debt 

refers to the tests that are skipped or not developed sufficiently; 

defect debt refers to the known defects that are not fixed yet; 

documentation debt refers to missing or out-of-date documentation 

D98 S46 Tasks that were left undone, but that run a risk of causing future 

problems if not completed 
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D99 S46 Design debt – any kind of anomaly or imperfection that can be 

identified by examining source code and/or related documentation, 

that leads to decreased maintainability if not remedied 

D100 S44 The  toll  that suboptimal decisions or actions impose on the future 

welfare of  that  project 

D101 S46 Incomplete, immature, or inadequate artifact in the software 

development lifecycle 

D102 S47 The invisible results of past decisions about software that 

negatively affect its future 

D103 S49 Technical debt typically is an internalized (engineering-based) 

assessment 

D104 S15 The intention (deliberate or inadvertent) and awareness (reckless 

or prudent) of committing to a debt 

D105 S38 The difference between what was delivered and what should have 

been delivered is known as technical debt 

D106 S29 Technical debt considers the deviation between the current and 

optimal product state 

D107 S29 Technical debt captures the uncertainty for a software project and 

communicates about the effects it causes 

 

 

 

 

 

 

 

 


