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Abstract—Despite the attention that Technical Debt has at-

tracted over the last years, the quantification of TD Interest still 

remains rather vague (and abstract). TD Interest quantification 

is hindered by various factors that introduce a lot of uncertainty, 

such as: identifying the parts of the system that will be main-

tained, quantifying the load of maintenance, as well as the size 

of the maintenance penalty, due to the existence of TD. In this 

study, we aim to shed light on the current approaches for quan-

tifying TD Interest by exploring existing literature within the 

TD and Maintenance communities. To achieve this goal, we per-

formed a systematic mapping study on Scopus and explored: (a) 

the existing approaches for quantifying TD Interest; (b) the ex-

isting approaches for estimating Maintenance Cost; and (c) the 

factors that must be taken into account for their quantification. 

The broad search process has returned more than 1,000 articles, 

out of which only 25 provide well-defined mathematical formu-

las / equations for the quantification of TD Interest or Mainte-

nance Cost (only 6 of them are explicitly for TD Interest). The 

results suggest that despite their similarities, the quantification 

of TD Interest presents additional challenges compared to 

Maintenance Cost Estimation, constituting (at least for the time 

being) the accurate quantification of TD Interest an open and 

distant to solve research problem. Regarding the factors that 

need to be considered for such an endeavor, based on the litera-

ture: size, complexity, and business parameters are those that 

are more actively associated to TD Interest quantification. 
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I. INTRODUCTION 

The Technical Debt (TD) metaphor this year celebrates 30 
years from its introduction by Ward Cunningham [1]; whereas 
the TD research community is already active for more than a 
decade1, having produced a vast number of research articles. 
However, the quantification of one of the two pillars of the 
metaphor (namely: TD Interest) still remains vague and ab-
stract, in the sense that there is still no state-of-research and -
practice approach for quantifying it [2]. Consequently, any 
study that attempts to quantitatively explore TD concepts, or 
propose technical debt management approaches, faces severe 
construct validity problems. This shortcoming also influences 
the business aspects of TD management, in the sense that any 
informed decision to repay or not TD, must be made based on 
numerical evidence on both the benefits of technical debt 
(saved effort or business-related gains), but also on the cost of 
technical debt (mostly associated with future Interest pay-
ments), being measured at the same unit. Finally, the lack of 
TD Interest quantification approaches, hinders the application 
of financial debt theories and management approaches, which 
heavily rely on the concepts of interest and interest rate to ef-
ficiently manage a debt, from an economics point of view. 

 
1  The 1st Managing Technical Debt (MTD) workshop was held in June 

2010 at Pittsburgh, Pennsylvania. 

Despite the fact that regarding TD Principal the situation 
is not (by far) better in terms of accuracy [3] and agreement 
among tools [4][5] is relatively low; a researcher that focuses 
on quantifying TD Principal has to choose among more than 
20 tools (ranging from research prototypes to commercial 
tools) [2]; whereas the construction of benchmark datasets on 
the intersection of some tools have started to appear [4]. On 
the other hand, the quantification of TD Interest lies at such an 
infant level, that only very limited number of quantitative em-
pirical studies have been performed using TD Interest, and the 
number of available tools is negligible [2]. TD interest is 
mostly discussed in the literature as a theoretical concept. At 
this point, we need to note that we differentiate quantification 
from assessment, in the sense that assessment includes proxies 
(such as maintainability), whereas quantification aims at cal-
culating an amount of technical debt interest in a currency / 
monetary unit (as dictated by the metaphor itself), or at mini-
mum using an effort unit, which can easily be transformed to 
currency, being aware of the payment units in a company.  

The main reason for the lag of TD Interest quantification 
lies in the complexity and inherent uncertainty involved in the 
definition of TD Interest, which does not yet allow the quan-
tification without any assumptions. According to a TD glos-
sary, introduced through a former literature review [6], TD In-
terest is defined as “The additional development effort re-
quired to modify the software (adding new features or fixing 
bugs), due to the presence of TD issues”. Based on this defi-
nition, the calculation involves many uncertain parameters: (a) 
an accurate calculation would require comparing the current 
version of a system with a zero-TD version of the same sys-
tem, with respect to their difference in required effort for 
maintenance: of course, such a debt-free version does not exist 
and would be unrealistic to create in a real-world setting. To 
some extent it is not easy to define or even suggest how a debt-
free system looks-like; and (b) an accurate calculation would 
require an a-priori knowledge of the future maintenance re-
quests (features or bug fixes), as well as the maintenance load 
that they will impose. Despite the certainty that software will 
change, usually in practice we have “no clue” on how a soft-
ware will evolve, since evolution drivers are numerous (cus-
tomers, application domains, bugs, etc.). 

As a first step to understand the current state-of-the-art on 
how the aforementioned challenges are approached by the TD 
community, in this paper we provide an overview of the liter-
ature on TD Interest quantification. Taking into account the 
lack of a comprehensive approach that solves the aforemen-
tioned problems, we expand our overview to models that aim 
at quantifying Maintenance Cost. To achieve this goal, we per-
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formed a systematic mapping study on a broad-scoped index-
ing mechanism (namely: Scopus), attempting to answer three 
main research questions:  

• What approaches exist for quantifying TD Interest? 

• What approaches exist for maintenance cost estimation? 

• What factors should be used for building a TD Interest 
quantification model? 

The rest of the paper is organized as follows: in Section II 
we present related work, i.e., secondary studies on TD or state-
of-practice studies that explore TD quantification. Next, in 
Section III we present our review protocol; the raw results are 
presented in Section IV (including a detailed presentation of 
existing TD Interest formulas). The results are discussed in 
Section V; the threats to validity are presented in Section VI; 
and finally, the paper is concluded in Section VII. 

II. RELATED WORK 

Tom et al. [7] performed a multivocal literature review, sup-
plemented by interviews with software practitioners and aca-
demics, in order to establish the boundaries of the TD phe-
nomenon. The search process is performed in Google’s Web 
Search engine. After applying the selection criteria, 35 studies 
were identified. The results of their study suggested a theoret-
ical framework that provides a holistic view of TD, compris-
ing a set of TD dimensions, attributes, precedents, and out-
comes. Li et al. [8] conducted a mapping study on TD man-
agement (TDM). More specifically, the study focused on the 
identification of a classification of TD concepts, and the cur-
rent state of research on TDM. The search process was con-
ducted between 1992 and 2013 in seven digital libraries 
(namely Scopus, ACM DL, Wiley, IEEE DL, INSPEC, Web 
of Science and SpringerLink), identifying 94 primary studies. 
The results of the study revealed 8 different TDM activities, 
29 tools for TD management, and 10 types for the classifica-
tion of technical debt concepts.  

Ampatzoglou et al. [6] performed a literature review on 
the financial aspects of managing TD. More specifically, the 
goal of this paper focused on financial aspects underlying soft-
ware engineering concepts. The search strategy identified pa-
pers until 2015 and was conducted on seven digital libraries 
(namely ACM, IEEE, ScienceDirect, SpringerLink, Scopus, 
Web of Science, and Google Scholar). At the end of the selec-
tion process, 69 primary studies were selected. The results of 
the study provide a glossary of terms and a classification 
scheme for financial approaches to be applied for managing 
technical debt. As a follow-up study on this work, the same 
authors re-explored the dataset, from a TD Interest perspective 
[9]. In this study the authors proposed a framework namely 
FITTED for managing TD interest, which takes into account 
technical debt literature and economic interest theories. The 
FITTED framework discusses in detail: (a) the types of TD 
Interest; (b) various characteristics on interest in economics 
that are applicable for the TD metaphor; and (c) present a 
novel TD Interest theory.   

Alves et al. [10] conducted a mapping study on the identi-
fication of strategies that have been proposed to identify and 
manage TD in software projects. The search process was per-
formed between 2010 and 2014 on eight digital libraries 
(namely ACM, IEEE, ScienceDirect, Engineering Village, 
SpringerLink, Scopus, CITESEER, and DBLP), and retrieved 
100 primary studies. The results of the study suggest an initial 
taxonomy of TD types and a list of indicators to identify TD 
and management strategies. Fernández-Sánchez et al. [11] 

performed a mapping study on the identification of the ele-
ments needed to manage technical debt. The search strategy 
was conducted until 2017 and retrieved 69 primary studies. 
The results of the study suggest that the elements can be clas-
sified into three groups (basic decision-making factors, cost 
estimation techniques, practices and techniques for decision-
making) and grouped based on stakeholders’ points of view 
(engineering, engineering management, and business-organi-
zational management). Behutiye et al. [12] conducted a litera-
ture review analyzing the causes, consequences, and manage-
ment strategies for TD, in the context of agile software devel-
opment. The search process identified until 2017 on six digital 
libraries (namely ACM DL, Google Scholar, IEEE DL, 
ProQuest, Scopus, and Web of Science) and selected 38 pri-
maries studies. The results of the study suggest five research 
areas of interest related to agile software development and 
technical debt, highlighting “managing TD for Agile Develop-
ment” as the most studied research area.  

Besker et al. [13] performed a literature review on the 
management of architectural technical debt. The search strat-
egy was conducted between 2005 and 2016 on 6 six digital 
libraries (namely ACM DL, IEEE DL, ScienceDirect, Spring-
erLink, Scopus, and Web of Science) retrieved 43 primary 
studies. The results showed a lack of guidelines on how to 
manage Architectural TD successfully in practice and of an 
overall process where these activities are fully integrated. Le-
narduzzi et al. [14] conducted a literature review on technical 
debt items’ prioritization. The search process identified papers 
until 2020, in which 44 primary studies were selected. The re-
sults of the study provide an impact map of the factors that the 
literature used to prioritize technical debt items. 

Next, we present state-of-practice reports that focus on TD 
management tools, whose majority does not support TD Inter-
est estimation. Avgeriou et al. [2] conducted a literature re-
view on the identification of TD management tools. The au-
thors compared existing tools for measuring TD, in terms of 
features, popularity, and empirical evidence. The search was 
performed on IEEE DL, ACM DL, Google, Bing, and Yahoo. 
The results suggest that all the TD management tools are ap-
plicable to quantify TD principal, but only few consider TD 
Interest. Saraiva et al. [15] performed a mapping study to iden-
tify and analyze available tools for managing TD. Most of the 
tools address technical debt related to code, design, and/or ar-
chitecture artifacts. The search strategy identified papers on 6 
digital libraries (namely ACM DL, IEEE DL, Science Direct, 
Research Gate and Scopus) and retrieved 47 primary studies. 
The results of the study suggest that from the 50 TD tools re-
ported in the literature, 42 of them are new tools, and 8 tools 
extend an existing one. Pavlic and Hlis [16] provided a com-
parison between the available tools for managing technical 
debt. Based on their findings, the TD area is poorly supported 
by tools, for most TD activities. Finally, Fontana et al. [17] 
presented five tools that compute technical debt indexes. In 
particular, the authors provided the different TD Indices pro-
vided by the tools and described the differences focusing on 
the architecture-related issues. Additionally, the authors char-
acterized which tools provide estimation either for TD princi-
pal either for TD interest.    

Based on the above, it becomes evident that in the current sec-
ondary literature there is little evidence on how to quantify TD 
Interest, despite its importance for the success of the meta-
phor, as well as, the large number of secondary studies on the 
domain of TD Management. 



III. REVIEW PROTOCOL 

This section describes the protocol of the performed system-
atic mapping study. A protocol is a pre-determined plan that 
describes research questions, and presents in detail how the 
mapping study was conducted, so as to be replicable. Our pro-
tocol has been developed, based on the guidelines of Petersen 
et al. [18].  

A. Research Goals and Questions 

In this study, we plan to summarize existing methods, frame-
works, approaches, or models that have been proposed for 
quantifying TD Interest or Maintenance Cost, as well as the 
factors that are considered during the quantification process. 
Driven by the aforementioned goal, we extracted two Re-
search Questions (RQ), as follows: 

RQ1: Which approaches exist for TD Interest quantification? 

RQ2: Which approaches exist for Maintenance cost estima-
tion? 

Answering RQ1 aims to identify all the existing formulas that 
directly quantify TD Interest. In RQ2, we aim to find all the 
existing formulas that can prove useful for quantifying TD In-
terest, by estimating maintenance cost. Apart from noting and 
discussing the quantification formulas, we also categorize the 
parameters that the formula uses into HL categories. Addition-
ally, we record the unit of measurement for each formula. The 
results on the two research questions are synthesized and com-
pared, as part of discussion and not an additional research 
question. 

B. Search Procedure 

The search procedure of a systematic mapping study aims to 
find as many primary studies, related to the research questions, 
as possible using an unbiased strategy. To achieve this goal, 
we have utilized a broad index of scientific literature, namely 
Scopus. In this study, we follow two different routes for pri-
mary study collection: (a) the direct TD Interest quantification 
route; and (b) the indirect TD Interest quantification route—
through Maintenance Cost estimation. For the first route, we 
used the search term (“technical debt” OR “TD”) in the title 
of the paper, and the term “interest” in the abstract of the pa-
per. This process led to a set of primary studies—termed as 
PS1. For the second route, we used the search term: (“mainte-
nance effort” OR “maintenance cost” OR “maintenance 
model”) in the title of the paper, since we were interested in 
studies that explicitly propose maintenance cost estimation 
approaches. This process led to a set of primary studies—
termed as PS2. As an extra step for enriching PS1, we have 
used forward and backward snowballing from all secondary 
studies in the field of TDM, as they are described in Section 
II. Both PS1 (after snowballing) and PS2 sets have been ex-
ported in a bibtex file, and were stored for further manage-

ment and filtering in JabRef.  

C. Papers Screening 

The papers that have been stored in PS1 and PS2 sets have 
been manually reviewed, so as to ensure that they are relevant 
to TD Interest quantification or Maintenance Cost estimation. 
In line with Dyba and Dingsoyr [19], we have performed fil-
tering of the candidate article set at 3 stages. The search pro-
cess, has returned a set of candidate primary studies (1st stage). 
Next, articles in PS1 and PS2 have undergone through a man-
ual inspection of their titles and abstracts / conclusions (2nd 
stage), and their full text (3rd stage). During the 2nd and the 3rd 
stages, several inclusion / exclusion criteria were tested: 

Inclusion Criteria 

IC1: The study introduces or used a method / approach / 
model / framework for quantifying TD Interest. 
IC2: The study introduces or used a method / approach / 
model / framework for Maintenance Cost estimation. 
IC3: The output of the method / approach / model / frame-
work is represented in a monetary or effort format.  

Exclusion Criteria 

EC1: The study is a previous version of a more complete 
paper about the same research 
EC2: The study is not written in English 
EC3: The study is an editorial, position paper, keynote, 
opinion, tutorial, poster or panel  

As the final set of primary studies, we have retained articles 
that satisfied the following overall criterion:  

((IC1 | IC2) & IC3) & (NOT (EC1 | EC2 | EC3)) 

At this stage we need to note that as an implication of IC2, we 
aim to exclude papers that belong to two domains with a vast 
literature volume: maintainability prediction (not cost, but 
ease of maintenance), as well as classic software cost estima-
tion approaches, using COCOMO, ISBAG, etc., which is not 
related to maintenance costs, but development costs. 

 

Fig. 1. Study Selection Process 

Every article selection phase has been handled by the first four 
authors of this study using the voting approach as described 
by Farhoodi et al. [20].  The first four authors reviewed the 
publications and assigned a vote on a 4-point scale (4: strong 
inclusion, 1: strong exclusion)—leading to a maximum score 
of 12 points. Based on the threshold proposed by Farhoodi et 
al. [20], we retained studies with a score higher than 8 points. 
Studies that were marked with exactly 8 points (out of 12) 
were reviewed and discussed with the 5th author of the study. 
As a first step, the authors discussed the process, so as to en-
sure that they hold a common understanding of the inclusion 
criteria. Next, the authors piloted the first 20 papers, which 
have been assessed in pairs by the four authors so as to have 
an open discussion on the voting scores. All authors explained 
their scores, until a consensus was reached. The high degree 
of a common understanding on the criteria is supported by the 
low disagreement rate in the inclusion / exclusion phase (i.e., 
1.7%). We note that the exclusion criteria (language and type 



of paper) are straightforward and no validation or piloting was 
required. In Fig. 1 we present the overall process, accompa-
nied by the number of articles characterizing each step. 

D. Keywording of Abstracts 

As a next step for conducting systematic mapping studies, Pe-
tersen et al. [18] propose the keywording of abstracts, as a way 
to develop classification schemes. However, this step is not 
applicable in our study since it is not possible to extract neither 
the formulas nor the parameters that synthesize the formula 
from the abstract. 

E. Data Exatraction and Analysis 

As a next step, we defined a set of variables that describe each 
primary study. Thus, for every study, we recorded the values 
of the following variables:  

[V1] Publication Title 
[V2] Author 
[V3] Year 
[V4] Type of Paper (Conference or Journal) 
[V5] Publication Venue 
[V6] Formula that quantifies TD Interest or Mainte-

nance Cost  
[V7] Parameters that appear in the formula 
[V8] Unit of Quantification 

The third and the fourth author independently extracted data. 
If there were inconsistencies in the extracted information, the 
involved authors discussed the inconsistencies between them. 
If they were not able to resolve the discrepancies, the first and 
the second author joined the discussion to resolve the disa-
greement. During the process 3 inconsistencies have been re-
solved. The dataset is available online2. 

Variables [V1] – [V5] have been used for documentation pur-
poses. The rest of the variables have been used for answering 
the research questions and describing the context of the study. 
For reporting purposes, we used common visualization meth-
ods (i.e., bar charts), and frequency tables. For the consolida-
tion of the values of the [V7] retrieved from the primary stud-
ies, we have performed the Open Card Sorting methodology 
[21], since the terminology used was quire diverse. As a first 
step we recorded themes from the parameters as identified in 
the primary studies, and then we reviewed them to find candi-
dates for merging. As a final step, we defined the names of the 
final themes. The first two authors performed the process in 
order to identify the themes, and the fifth author validated the 
results. The level of disagreement was again quite low (ap-
proximately 4%) during the consolidation process of the ex-
traction of themes.  

IV. RESULTS 

A. TD Interest Quantification (RQ1) 

In this section we present the results of our mapping study 

related to TD Interest. More specifically, we have identified 

6 studies that provide formulas in order to quantify the TD 

Interest [S1-S6]. The formulas, along with a brief explanation 

of their rationale is presented below. 

Ampatzoglou et al. [S1] calculate TD Interest as the differ-

ence between the effort required to maintain the optimal sys-

tem (e.g., a hypothetical TD-free system) and the actual sys-

 
2  https://users.uom.gr/~a.ampatzoglou/aux_material/SMS_TDInterest.xlsx  

tem when performing a maintenance activity (e.g., the addi-

tion of a new feature). More specifically, Ampatzoglou et al. 

[S1] used the average number of lines of code maintained be-

tween sequential versions (k) as an estimate of future mainte-

nance load. Additionally, they assumed that maintenance ef-

fort is proportional to the design quality, which is denoted as 

a fitness function value—for illustrating the fitness function 

they used a set of a well-known maintainability metrics; 

namely: DIT, NOCC, MPC, RFC, DAC, LCOM, CC, WMPC, SIZE1, 

and SIZE2. The ratio of optimum and actual fitness value is 

calculated as the average distance of the aforementioned met-

rics from a hypothetical (synthesized) optimal one (for more 

details see [S1]). The authors illustrate how their function can 

lead to currency assessments, by using values for the hourly 

rate of the developers, as well as the hourly maintenance 

productivity.  

𝐸𝑓𝑓𝑜𝑟𝑡 = 𝑐 ∗ 𝐹𝑖𝑡𝑛𝑒𝑠𝑠𝑉𝑎𝑙𝑢𝑒 

𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 = 𝛥𝐸𝑓𝑓𝑜𝑟𝑡 = 𝐸𝑓𝑓𝑜𝑟𝑡(𝑎𝑐𝑡𝑢𝑎𝑙) − 𝐸𝑓𝑓𝑜𝑟𝑡(𝑜𝑝𝑡𝑖𝑚𝑢𝑚) 

= 𝐸𝑓𝑓𝑜𝑟𝑡(𝑎𝑐𝑡𝑢𝑎𝑙) − 𝐸𝑓𝑓𝑜𝑟𝑡(𝑎𝑐𝑡𝑢𝑎𝑙) × (𝑀𝑎𝑖𝑛𝑡𝑎𝑖𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝐿𝑒𝑣𝑒𝑙) 

= 𝑘 ∗ (
𝐹𝑖𝑡𝑛𝑒𝑠𝑠𝑉𝑎𝑙𝑢𝑒(𝑜𝑝𝑡𝑖𝑚𝑢𝑚)

𝐹𝑖𝑡𝑛𝑒𝑠𝑠𝑉𝑎𝑙𝑢𝑒(𝑎𝑐𝑡𝑢𝑎𝑙)
− 1) 

Falessi and Reichel [S2] approach a different approach for 

defining TD interest, since they consider interest as the cost 

of violating a rule or not fixing a violated rule (i.e., defect 

proneness), suggesting that such a cost is commonly meas-

ured or estimated as decreased productivity or extra defects 

[22]. Falessi and Reichel [S2] used the MIND tool to calcu-

late TD Interest, which uses several metrics: Defect Prone-

ness (DP), Maximum Defects per 100 LOC Touched 

(MaxDP), Extra Defect Proneness (EDP), Maximum Extra De-

fects per 100 LOC Touched (MaxEDP), Relative Extra Defect 

Proneness (REDP), Average Relative Extra Defect Proneness 

(AREDP), Violation Density (VD), and Linkage. The formulas 

for calculating these metrics are provided below—The EDP 

corresponds to the interest (measured as a percentage of extra 

defects). The key point in these calculations is the definition 

of DPideal, which corresponds to the number of defects that 

would be produced in an optimal TD-free class. This value is 

calculated, based on historical data of classes that do not have 

any violations (for more details see [S2]). 

𝐷𝑃 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐷𝑒𝑓𝑒𝑐𝑡𝑠

𝐿𝑂𝐶𝑡𝑜𝑢𝑐ℎ𝑒𝑑
 

𝑀𝑎𝑥𝐷𝑃 = 100 ∗ 𝑀𝐴𝑋(𝐷𝑃) 

𝐸𝐷𝑃 = 𝐷𝑃𝑎𝑐𝑡𝑢𝑎𝑙 − 𝐷𝑃𝑖𝑑𝑒𝑎𝑙 

𝑀𝑎𝑥𝐸𝐷𝑃 = 100 ∗ 𝑀𝐴𝑋(𝐸𝐷𝑃) 

𝑅𝐸𝐷𝑃 =
𝐷𝑃𝑎𝑐𝑡𝑢𝑎𝑙 − 𝐷𝑃𝑖𝑑𝑒𝑎𝑙

𝐷𝑃𝑎𝑐𝑡𝑢𝑎𝑙
 

𝐴𝑅𝐸𝐷𝑃 = 𝐴𝑉𝐸𝑅𝐴𝐺𝐸(𝑅𝐸𝐷𝑃) 

𝑉𝐷 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑉𝑖𝑜𝑙𝑎𝑡𝑖𝑜𝑛𝑠

𝐿𝑂𝐶
 

𝐿𝑖𝑛𝑘𝑎𝑔𝑒 =
𝑁𝑢𝑚𝑏𝑒𝑟𝑂𝑓𝐶𝑜𝑚𝑚𝑖𝑡𝑠𝑊𝑖𝑡ℎ𝑇𝑖𝑐𝑘𝑒𝑡𝑠

𝑁𝑢𝑚𝑏𝑒𝑟𝑂𝑓𝐶𝑜𝑚𝑚𝑖𝑡𝑠
 

Guo et al. [S3] approach TD Interest from the perspective of 
having additional cost, due to the delay of a task. In that sense 

https://users.uom.gr/~a.ampatzoglou/aux_material/SMS_TDInterest.xlsx


they calculate TD Interest as the difference of the effort re-
quired to perform a task (X), subtracted from the effort that 
would be need if there were no delays (P). As an extra param-
eter, they calculate interest probability as the chance of delay, 
as well as the need to perform the task after the delay. The 
formula for TD Interest Probability calculation is omitted, 
since it is beyond the scope of this study. 

𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝐴𝑚𝑜𝑢𝑛𝑡 = 𝑋 − 𝑃 

Martini et al. [S4] estimate TD Interest in terms of extra-ef-

fort spent in development and maintenance, due to the exist-

ence of Architectural TD. In particular, the authors propose a 

technique to estimate the convenience of refactoring the 

ATD. The authors related the TD Interest of the ATD with 

the complexity (CC) and bug proneness (HAL_BUGS). In the 

calculation a higher weigh is assigned at files that are com-

monly changed (CHANGE_DIFF). For the calculation of the 

changes, they used the committed lines of code (LOC). Based 

on these metrics, the authors calculate a Refactoring Index, 

which prioritizes refactoring based on both the impact and the 

probability of a file of interest to produce TD Interest. The 

transformation of the base measurements (CC, HAL_BUGS) to 

POINTS is performed, based on metric thresholds (e.g., 15 for 

CC [23]) and a point system defined in the original article[S4]. 

As a next step, the method considers the refactoring index of 

the actual and the refactored system, and calculates the saved 

effort by taking into consideration business parameters, such 

as releases, Developers’ Work Months (DVM), etc. 

𝑅𝐸𝐹𝐴𝐶𝑇𝑂𝑅𝐼𝑁𝐺𝐼𝑁𝐷𝐸𝑋 = (𝐶𝐶𝑃𝑂𝐼𝑁𝑇𝑆 + 𝐻𝐴𝐿𝑆𝑇𝐸𝐴𝐷𝐵𝑈𝐺𝑆𝑃𝑂𝐼𝑁𝑇𝑆) ∗ 𝐶𝐻𝐴𝑁𝐺𝐸_𝐷𝐼𝐹𝐹 

Nord et al. [S5] propose an approach that quantifies TD In-

terest. The approach calculates TD Interest, which is due to 

architectural rework. The approach computed the rework cost 

associated with each new architectural element in a specific 

number of releases. Rework cost is calculated as a product of: 

(a) the dependencies of the maintained architectural element 

to other elements of the system (D); (b) the cost of implement-

ing the new architectural elements (C); and (c) the change 

propagation metric, introduced by MacCormack et al. [24] 

that captures the percentage of system elements that can be 

affected, on average, when a change is made to an element 

(Pc). The change propagation metric of a system is computed 

as the density of the visibility matrix that captures all the di-

rect and indirect dependencies in the system architecture, or 

in other words, the transitive closure of the dependency rela-

tionship. The unit of measurement is the unit of the imple-

mentation cost. 

𝑅𝑒𝑤𝑜𝑟𝑘 𝐶𝑜𝑠𝑡 = 𝐷 ∗ 𝐶 ∗ 𝑃𝑐 

Nugroho et al. [S6] quantify TD Interest as the extra cost 

spent on maintenance due to technical quality issues. In par-

ticular the interest is the difference in maintenance effort be-

tween a particular quality level and the optimal level. Mainte-

nance Effort (ME)—which is the measurement of TD Inter-

est—is calculated (at various quality levels) as a function of 

Maintenance Fraction (MF), Rebuild Value (RV), and Quality 

Factor (QF). MF represents the amount of maintenance effort 

spent on a system in a yearly basis, measured as a percentage 

of lines of code that is estimated going to change (added, 

modified, or deleted) yearly due to maintenance. Essentially, 

MF can be measured based on historical maintenance data, 

which can be different from system to system. RV is an esti-

mate of effort (in man-months) that needs to be spent to re-

build a system using a particular technology. This is deter-

mined as the product of system size and a technology factor. 

System Size (SS) represents the total size of a system meas-

ured in lines of code. Alternatively, SS can be measured using 

functional size (i.e., Function Points). Technology Factor 

(TF) represents language productivity factor, such as CBO, 

WMC, LCOM, and DIT. This factor provides a conversion from 

source code statement to effort (i.e., man-months per source 

statement) through ‘backfiring’. Finally, QF is a factor that is 

used to account for the level of quality. It is assumed that the 

higher the level of quality, the smaller is the effort that needs 

to be spent on maintenance. This assumption is justified by 

previous research, which reveals that performing changes on 

systems with higher code quality is more efficient. 

𝑀𝐸 =
𝑀𝐹 ∗ 𝑅𝑉

𝑄𝐹
 

𝑄𝐹 =  2(𝑄𝑢𝑎𝑙𝑖𝑡𝑦𝐿𝑒𝑣𝑒𝑙−3)/2) 

𝑅𝑉 = 𝑆𝑆 ∗ (1 + 𝑅)𝑡*TF 

Based on the aforementioned TD Interest quantification ap-
proaches, we can observe that 50% of the equations provide 
the currency as a unit of measurement, 33% the time, and 17% 
the size. Currency corresponds to a value measured in dollars 
or euros, representing the amount that need to be spent for TD 
Interest payments; Time corresponds to hours or months that 
are needed for the extra development or maintenance activi-
ties. Finally, Size corresponds to the extra effort in terms of 
lines of code that need to be maintained, due to the presence 
of TD inefficiencies. 

In terms of factors that affect TD Interest, and can be con-
sidered as parameters for its quantification, we have in total 
identified 44 factors. Due to their diversity, we merged param-
eters in high-level (HL) categories—see Table I. For each HL 
category, we provide two values: (a) the number of distinct 
HL categories that appear in the PS1; and (b) the number of 
distinct parameters that have been merged under the HL cate-
gory—sorted by (a). We note that the total number of the pa-
rameters that are used in the equations will be different with 
the sum of parameters that have merged into HL categories. 
For example, given the first row, we can observe that 14 dis-
tinct business parameters have been used for the quantification 
of TD Interest, and these parameters span in 4 out of 6 studies 
that provide a formula for TD Interest. We note that both 
views (i.e., columns) are useful: The first view denotes the im-
portance of the HL categories, whereas the second view de-
notes the availability of parameters for each HL category. 
With respect to the first most important HL categories, as 
“Business Factors” the literature considers the cost of work 
for the employees, months between releases, and number of 
releases. Additionally, “Size” measures are mostly related to 
lines of code (LoC), appearing in three forms: (a) lines of code 
as an indicator of quality; (b) lines of code as indicators of 
maintenance load; and (c) lines of code as indicator of system 
growth. In addition, as a proxy of quality, the literature focuses 
on metrics assessing “Coupling”, “Cohesion”, “Complexity”, 
and “Inheritance”, which according to Riaz et al. [25] are the 
most common maintainability predictors. Finally, we note that 
in 3 studies “TD Principal” is considered as a factor that in-
fluences TD Interest; this decision complies with the financial 
view of the metaphor, suggesting that financial interest is cal-
culated as the product of principal with interest rate. 



TABLE I. FREQUENCY OF HL CATEGORIES FOR PS1 

HL Category #Studies #Metrics 

Business Factor 4 13 

Size 4 6 

TD Principal 3 4 

Coupling 3 5 

Evolution Metric 3 2 

Inheritance 2 2 

Cohesion 2 1 

Complexity 2 1 

Correctness 1 8 

Process Factor 1 3 

B. Maintenance Cost Estimation (RQ2) 

In this section we present the data extracted for maintenance 
cost estimation. We note that in this section we omit the for-
mulas per se, since they cannot quantify TD Interest, but only 
be used as inspiration for future research endeavors3. In the 
literature, we have identified 19 studies that provide Mainte-
nance Cost estimation, including in total 91 distinct parame-
ters. Similarly to RQ1, we present some basic demographics 
on the unit of measurement: 21% of the equations use Cur-
rency, 74% Time, and 21% Size. An interesting observation 
from this finding is that the TD community has a stronger em-
phasis on measuring interest in a Currency unit, whereas the 
Maintenance community on Time. This finding complies with 
the fact that the main selling point of the TD metaphor is the 
use of currency units to alert managerial stakeholders on pos-
sible financial losses. 

Following the structure of reporting in RQ1, in Table II, we 
present the HL categories of Maintenance Cost factors. The 
top three factors are: Size, Complexity, and Business factors. 
A comparison and the intuitive interpretation of the difference 
of TD Interest and Maintenance Cost factors are synthesized 
and discussed in Section V. Regarding specific metrics, we 
can observe that Lines of Code, and Number of Methods are 
the prominent “Size” metrics, Number of Internal (non-cou-
pling) Method calls is the most used “Complexity” metric; 
whereas Cost Factors (such as salary) is the most used “Busi-
ness Factor”. 

TABLE II. FREQUENCY OF HL CATEGORIES FOR PS2 

HL Category #Studies #Metrics 

Size 16 31 

Complexity 10 23 

Business Factor 8 15 

Evolution Metric 7 13 

Process Factor 7 8 

Correctness 6 5 

Human Factor 3 5 

Inheritance 2 2 

Coupling 2 1 

Polymorphism 1 2 

Cohesion 1 1 

RT Quality 1 1 

Performance 1 1 

V. DISCUSSION 

In this section, we discuss the findings of our study, organized 
into three parts: (a) interpretation of main findings and com-
parison of the TD and Maintenance datasets; (b) implications 
for practitioners; and (c) implications for researchers. 

 
3  Due to the page limitation, we provide all the formulas that quantify the 

Maintenance Cost in the online supplementary material of footnote 2. 

Interpretation of Findings: First, based on our data extrac-
tion, we have validated that TD Interest quantification is sup-
ported by substantially less mathematical models / equations 
compared to Maintenance Cost estimation. This finding sup-
ports the fact that TD Interest is more difficult to quantify, but 
this is also supported by the early maturity of the maintenance 
compared to the TD community. Concerning quantification 
parameters, we synthesize the findings in Figure 2 (#studies) 
and Figure 3 (#of metrics). By observing the figures, three 
main findings can be drawn. First, the two aspects of quality 
are affected by many overlapping factors: all TD Interest fac-
tors have already been studied by the maintenance community 
(except TD Principal); whereas on the other hand 4 (Perfor-
mance, Polymorphism, Run-Time Qualities, and Human Fac-
tors) out of 13 Maintenance Estimation parameters have been 
explored by the TD community. This finding suggests that 
there is not a lot of room for transfer of knowledge from one 
community to the other. Second, despite the overlap of met-
rics, the importance of the factors in quantifying the two qual-
ity aspects are different. TD Interest seems to be more related 
to Business Factors and Size; whereas Maintenance Cost are 
more related to Size and Complexity. This finding suggests 
that TD Interest is more related to the business parameters, 
since Size is also used to capture functional or evolution as-
pects. This difference in the nature of the two aspects is also 
evident from the focus of TD community to quantify Interest 
in the form of Currency. Finally, by comparing the number of 
studies against number of metrics, we can observe only mi-
nor differences. The most prominent of which is Correctness 
for which only one study exists in the TD literature; suggest-
ing however, 8 metrics. This observation makes the findings 
on correctness less generalizable. 

 

Fig. 2. DIFFERENCES BETWEEN PS1 & PS2 (#STUDIES) 

 

Fig. 3. DIFFERENCES BETWEEN PS1 & PS2 (#METRICS) 

 



Implications to Researchers: The findings of the study sug-
gest that despite the existence of some mathematical models 
for quantifying TD Interest in the literature, these models are 
quite diverse in factors. Nevertheless, some important obser-
vations can be made to guide future endeavors: (a) models 
must consider both business and structural parameters. The 
business parameters are important to capture the financial per-
spective of TD, whereas the structural parameters are neces-
sary for denoting the lag in terms of quality, due to the exist-
ence of TD; (b) models are closer to the metaphor, if they are 
calculating TD Interest in a monetary measurement unit; and 
(c) models must consider the evolution of the system in terms 
of identifying changing parts of the code, as well as the usual 
load of maintenance. We note that all future models must be 
accompanied by tools that will enable the automated applica-
tion of the models in an industrial setting. As a concluding re-
mark, we believe that additional models are needed, but also 
there is a need to validate existing models with industrial data, 
and perform empirical studies that use them to explore the TD 
phenomenon more comprehensively.  

Implications to Practitioners: Based on the findings of our 
review, we encourage practitioners to pay attention on the fac-
tors that are crucial for generating TD Interest. Out of the ma-
jor factors, the structural ones are more easily controllable by 
practitioners through refactorings. Therefore, we champion 
the adoption of maintenance community tools (such as refac-
toring opportunity detectors) that can improve structural qual-
ity and control TD, especially in parts of the system that 
change often. Upon the release of stable TD Interest calcula-
tion tools, we strongly suggest the combination of TD Princi-
pal and TD Interest quantification tools, so as to guide deci-
sion making in terms of TD management. 

VI. THREATS TO VALIDITY 

In this section we present the threats to validity which are or-

ganized based on the guidelines for identifying, mitigating, 

and reporting threats to validity for secondary studies in soft-

ware engineering proposed by Ampatzoglou et al. [26]. 

Study Selection Process. To guarantee that our search process 

adequately identified all relevant studies, we use a protocol 

based on strict guidelines [27]. The search string was system-

atically constructed, in the sense that we have used the term 

“technical debt” in title combined with the term “interest” in 

the abstract for the first set of primary studies, whereas in the 

second set the search string focuses on the “Maintenance 

Cost”. However, it could be possible to exclude studies that 

have used different terminology from the more established 

ones. Additionally, the inclusion and exclusion criteria have 

been extensively reviewed and piloted, by the authors to 

avoid misunderstandings and to ensure their clarity. Also, we 

have excluded grey literature, since we intent to focus only 

on published academic literature, guaranteeing some level of 

rigor and relevance. Our study is not suffering from missing 

non-English papers and we were able to access all publica-

tions because our institution provide access to digital librar-

ies.  

Data Validity. In terms of data validity, the main threat is re-

lated to data extraction bias and the selection of specific ven-

ues. Regarding the data extraction, all relevant data were ex-

tracted and recorded manually by the third and the fourth au-

thors. In order to avoid the subjectivity in this process, the fist 

and the second authors reviewed and further refined the col-

lected data, re-validating them. After this process, the results 

were discussed among all authors and they resolved any con-

flicts. Additionally, there is no publication bias in the selected 

studies, in the sense that the primary studies have been re-

trieved by various venues, covering both the TD and the 

Maintenance communities. Thus, the aforementioned studies 

are not affected by a closed and small circle of researchers. 

Our mapping study is not affected from the following threats: 

(a) small sample size, as it became possible to recover 25 ar-

ticles; (b) lack of relationships, the study did not aim to iden-

tify relationships between data, but only to classify and com-

pose; and (c) the selection of variables to be extracted, as the 

research questions of this study did not create disagreements 

in the discussions between authors based on the variables to 

be extracted. Furthermore, we did not find problems with the 

use of statistical analysis, since the nature of our research 

questions did not require hypothesis testing, but only basic 

descriptive analysis. Finally, to mitigate the researchers’ bias 

in data interpretation and analysis, all the authors discussed 

the data categorization, based on the HL categories of the 

identified metrics. 

Research Validity. In terms of research validity, to increase 

the reliability and replicability of the study, we involved more 

than one researcher to all steps of the process, and all data 

have been made available. Additionally, we ensured that the 

correct research method has been used, i.e., an SMS since 

only limited synthesis was required to achieve the high-level 

goals of this study. However, we acknowledge that the lack 

of direct related work has not allowed comparison of results; 

however, the experience of the authors on TDM research al-

lowed interpretation of results, increasing generalizability. 

VII. CONCLUSIONS 

One of the main pillars of the Technical Debt metaphor is the 
notion of interest, which expresses the additional effort to be 
spent in future maintenance, because of the inefficiencies in 
the current code, design or architecture. However, estimating 
TD interest is extremely challenging as it requires the antici-
pation of future software changes and the quantification of 
how much more maintenance effort these changes would re-
quire compared to a zero-TD system. In this paper we survey 
existing approaches for quantifying TD interest by means of a 
Systematic Mapping Study. 

The results revealed that there is indeed a lack of mathemati-
cal/analytical approaches for estimating TD interest. Further-
more, the factors which are considered in TD interest calcula-
tion approaches are not novel; to a large extent they are com-
mon to the factors taken into account when estimating mainte-
nance effort in general, and include mainly size, code/design 
quality measures and business parameters. We encourage both 
researchers and practitioners to systematically record data re-
lated to spent maintenance effort in hope that empirical mod-
els will be able to capture this highly valuable, yet hard-to-
quantify aspect of Technical Debt.  
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