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Abstrac® Background: In the last two decades Technical project risk, are the four main areas which are negatively
Debt (TD) has received a considerable amount of attention from influenced by the occurrence of TD. In particular, since the
software engneering research and practice. Recently, a small occurrence of TD reduces software qualifgvelopers must
group of studies suggests that, in addition to its technical and spend more timand effort to improve the quality ofoftware
economic consequences, TD can_‘fectd evel opersod pip YubuheOAs@¥dsitdle vel o per s’ product |
states and morale. However, until now there has been a lack of \hijle maintenance costs will increasetire long term[7, 8].
empirical research clarifying such influences. Aims: In thisstudy, -~ op, the other hand, some studies suggest that developers do not
we aim at taking the first step in filling this gap by investigating feel comfortableabout taking on T4 SLand it lowers their
the potenti al i mpacts of TD aqngtivétibn%] manager%ent Ko deve?opersé
morale. Method: Drawing from previous literature on morale, we : : : .
decided to explore the influence of TD and its management on dSotfrgwarfe de¥elopment IS da socgtechnlgql[é:)henqr?éﬁbg
three dimensions of morale calledaffective future/goal, and '?enchnicglrea(l)s:ge!cst $1s(l)J]CCt_9I_ShSe fienr()j?rrw]gsss fcr)gm c;cer???éiez?rr(]:h

interpersonal antecedents. In so doing, we conducted an  “%. - . .
exploratory field study and collected data from software Indicate thatpositive affective statessuch as happiness,

professionals active in diffeent industrial domains through eight ~ Satisfaction and motivation,increases o f t war e dev
qualitative interviews and an online survey (n=33).Results:Our ~ productivity and software qualitjt1, 12] On the other hand
results indicate that TD mainly has a negative influence on Previous studies, mainly frorthe management sciendé3,
future/goal and affective antecedents of morale This is mainly ~ 14], have shown thatthereas i nk bet ween empl
because the occurrence of TDhinders developers from  and their productivity. However, there is a lack of studies
performing their tasks and achieving their goals. TD focusing on investigating the relatgnp between TD and
management on the other hand, has a positive influence on all morale.

the three dimensions of morale since it is associated with positive Considering thdarge number ofprevious studiesvhich
feelingsand interpersonal feedback as well aa sense of progress.  argue that software firms take on TD tabbtheir productivity
Conclusions:According to the results of this empirical §tu_dy the  and obtain added business val@e 7], it becomes apparent
occurrence of TD reduce dev el oper,swhie nte r ajafthere is a need for empiricalidies to explore and explain
managementincreasesd e v e | opraer s 0 the effects of TD on devel op.
productivity. In this studywe aimed at taking the first step in

KeywordsTechnical Debt; Morale; Behavioral Software addressing this gap bwnsweringthe following research
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questions:
1 RQ1l: How does the occurrence oD Tinfluence
. INTRODUCTION devel opersé6 morale?

In recentyears,the metaphor of Technical Debt (TD) has
been a topic of interest withithe software engineering
discipline. Until now, the majority of previous studibas

1 RQ2: How does the management of TD influence
devel opersd moral e?

focused on investigating thetechni@l, financial and To answer these questigrnee conducted a field study to
organizationalaspectsof TD [1-3]. However, understanding explore the potential influence of TD, as well as its
and explaining, the role of individual developers ile management , on devel otpthrough m

occurrence of TD as well as the consequences of TD for thegight interviews, complemented by an online sur¢ey33)

has received minimal attention in the literature. In recent yearand drawing from morale literatufé5], we propose thathe
several studiesavesuggestdthat TDhasa negative influence occurrence of TD c an, whileeptopec e d
on de v ehoignseandffecs [4-6] and their moralg?, management of TD increases de
8]. However, none of these previous studies specifically Our study has several novel contributiofts software
focuses on investigating and explaining the relationship  engineering research and practice. First, our study specifically
betweenfDandd evel oper s’ mor al e. concentrate on investigating the influence of TD on
devel oper s’ indimgsrarae keneauragidg sincefthey

Based on a multivocal literature review, Tom et [d clarify theimpacts of TD ondifferent dimensions of morale.

suggest that morale, alongside with lgyaproductivity, and



Especially by indicatingthat developers consid@iD and its  definition of moraleprovided byPeterson et alf19] a sa *
management as important factors influencing progress armbgnitive, emotional, and motivational stance toward the goals
future development activities, this studpcourages software and tasks of a group. It subsumes comfade optimism,
firms to consider the behavioral and organizational enthusiasm, and loyalty as well as a sense of common
consequences of TDmore seriously Additionally, since  purposé.

previous studies have shown the link between morale and Previous studieshave usel different qualitative and
devel oper s’ p r o d u cthe nedd foryfytureo quantitativeundethods fordmeasaringe morale, including direct
studies to further investigate the consequences of TD offe.g.,[20, 21) and indirect measurement methdesg, [22,
devel oper s’ mor al e and ot RErIn itp Smpledt way, arpriale ldak beed widelyy measured s
Finally, based on the previous literature on mords], we  directly, by using singkscale measureg which individuals
introduce a neel approach forstudying morale within the  are asked to rate their level of morf8]. However, using this
softwareengineering discipline. This approgalhich relies on  approach becomes problematic since morale is a subjective
investigating the antecedent factors of mqraleablesfuture  phenomenopand thereforgthere isa danger that respondents
researchto betterexplore andmeas ur e s of t wa maee diffeeent pelcepporsrobmordld]. ConsequentlyHardy

moralein different contats. [15] suggests an approach for predicting the levels of morale
from measuring a set of factors thafluencemorale. These
Il. BACKGROUND antecedent facts of morale are divided into three main
i categories.
A. Technical Debt Affective antecedentsonsist of factors related tmoods,

In recent years, TD has been widstydiedin thesoftware  feelings, emotions, and attitudd=or instance, high morale is
engineering literatur§2, 7, 16, 17] TD is composed of debt  often associated with positive affective states (eanfidence
which is a sulpptimal technical solution that leads to a short andhappinesgwhile low morale is seen as a negative affective
term benefit as well as to thatfire payment of amterest  state [15]. The second categoryfuture/goal antecedents
which is the extraost due to the presence of TB(, slow consists of factors related to the perception of individuals about
feature development or low qualityB]. The principal is the diference between future and today as well as their goals
regarded as the cost offaetoring TD. Although accumulated for future. For instance, believing in a bett@rture is
TD might result in a gain between the skerm benefit and considered a key factor increasingprale [15]. Finally, the
the interest paid, in many cases, documented in literature andimerpersonal antecedentsf morale pertain to the factors
software projects, the interest might largely surpass the gairelated to therelationships and communication between
for example by leading to ddepment crise$18]. individuals. For instance, having good relations with, or

There are several kinds of TD, such as Architecture TDreceivingpositive feedbackrom, others contribute to higher
Testing TD, and Source Code TO2], depending on what levels ofmorale[15].
artefact and on what level of abstraction the-spitimality has .
occurred.n recent yearghere has been an increasing interestC . Technical Debt and Morale
among software engineeringesearchrs to provide novel Tom et al.[7] argue that TD has wery strongnegative
solutions enabling software devetwp to manage TD. ef fect on d evFellowng ehissafgumentve a |
Managemenbf TD consiss of a set ofactivitieswhich enable tried to identify previousstudies thatdiscuss about the
software development teams both to prevent the occurrence Igfationshipbetween TD and moralén doing sowe were able
TD and to deal with existing TD and its unwanted to find only eight sources mentioning the potential influence of
consequencef2]. It is worth noting that, in their systematic TD on devel oper s’ eTade)al e or e
mapping study Li et al. [2] classifyTD managemeruactivities

into identification, measurement, prioritization, prevention, TABLEI. PREVIOUS STUDIES MENTONING THE RELATIONSHIP

monitoring, repayment, documentation and representation, and BETWEENTD AND DEVELOPERS MORALE OR EMOTIONS

communication. However, discussing aboutach of these Ref Argument Source of

activitiesis outof the scope of this study. i ] Data
[5] TD will hurt you later. It is betterotpay upfront. | Interviews
8 Uncontrolled technical debt has a negative Literature

B. Morale ) i mpact on the devgelop
Morale, as a research topic, has originally been of interest[24] | Engi neers don’t | i ke | Interviews
within the military discipline. However, after the Second want to create perfect software.

World War, it has received increasing attention from other [251 | “ Wor ki ng off debt” c& Opinion

L o . good for team morale.
disciplines such as organizational scEsic management, TD hurts developers | Comments

education, and healthcafd5]. Despite its vastliterature developers suffer real consequences. on blogpost
morale lacks a coherent and preaséinition, whichincreases 26 | TD reduces devel oper s Opinion
the risk of researchers measuring othencepts instead of |[[6] |“Working off debt” ca4 Literature
morale. For example in an extensive literature review, Hard good for team morale.

[15] shows that several concepts such as satisfaction,[7l | TD ulimatel has negative impacts on morale; Blog-post
motivation, and happiness, have been lstachangeablyo Devel opers would find | Blog-post+
discuss morale. However, by conducting a longitudinal debt frustrating in the long tetm Interviews

. s . : A lot of the tasks to prevent or repay the accry Interviews
empirical studyHardy [15] clarifies that morale is different of TD aren't very fuf

from these conceptsTherefore, in this study weuse a 4 | Taking TD do eeveldpers e ¢ Interviews




In particu|ar, we found three artic|¢§_8] and one b|og TABLE II. DEVELOPERSFEELINGS TOWARDSTECHNICAL DEBT

post [25] that have mentionedh¢ influence of TD on Experience | Company, Domain
developers’ morale. In addi/tPilon,R®%uringaour | ifteratiure
we found four articles that mention the influence of TD on| 11 | Software Developer NA CompanyA | Aerospace
devel oper[4,24,26mot i ons 12 | Software Developer 28

However, analyzing these sources revealed that only four of13 | Software Developer 44
them support their arguments with empirical evidence and thel4 | SoftwareDeveloper 7 CompanyB | Telecom
rest either cite ther sources or report opinions. In addition, all | |5 | SoftwareDeveloper 8
of these sources just mention the relationship between TD and6 | SoftwareDeveloper 26
devel oper s’ mor ale or emot 7 o FPSN9Engngeyy | 1 v e SEMPANGy tHPAIRCEE | ¢ h |
phenomenon is not their primary research focus. 18 | SoftwareEngineer 6 CompanyD | Aerospace

Therefore, we decided to conduatexploatoryfield study _ . . .

to understand how TD, and possibly its management, could Finally, Company D is a Germamanch of an international
potentially influence soft whgrRiseprowdag spigvare developgmgnt gnd gnaintepppce e
due to a lack of software engineering studies focusing oRETVICES to major aerospace customers such as European Space
morale, we had to adapt a suitable approach from othef*\@€Ncy. .

disciplines. In doing sowe decided toutilize the indirect We prepared a set of questions basedhenantecedent
approach suggested by Harfi5] to explore the potential factors of meale suggested bf/15]. To improve the reliability
influence of TD and its ma Hf§oge§tﬁﬁje_dﬁt‘i‘ at lgagt twe of {he quiharsawere partigipgling, |

(see Fig. 1) in the interview sessions. In these interviews, when possible,
As illustrated in Fig. 1 wetry to understand how the W€ askedheinterviewees to show uat leastonespecific item

occurrence of TD and its managemendy affect the three Tom their TD backlog and answer our questions by
dimensions of morale suggested by Hafd§]. Using this Cconsidering that item.For example, we askedf the
approach nobnly enables us tmvestigate the impacts of TD intérviewees from Company A and Companytdpick some
and its managememtn dev el o petrlso’to gaira Hfitheexisting issues iSonarQubeool, while developers from
better understanding of potential consequences of TD fdrompany Bwere asked to choossome of the nomllowed
developers and to understand which dimensions of morale aggPendencieshighlighted by the in-house toal When

more influenced by TD. selecting these specific cases, twed to verify that these TD
issues were affecting tlaterviewees  wio précticeAll the
1. METHODOLOGY intervie_ws, which lasted 30 mins in average, were recorded and
To understand the potentidmpacts of TD and its transcribed for further analysis.
management on devel @pdata §0m mBo O@ihesurveye col | ect

software professional (i.e. developer, architesutd tester)
active in different domains. In so doing, we followed a mixedres
method approach caigting of faceto-face interviews and an
online questionnaire.

To complement our data and to furtraarify the initial

ults fromthe interviews we decided toonductan online
survey In doing so, aveb-surveywas designedand hosted by

the online survey service lted SurveyMonkeyThe first draft

A. Interviews of the survey was tested by the second author and one project

We conducted three rounds of interviews during thénanagertoevaluate the understanding of the questions and the

summer and autumn 2016.tltal, we conducted eight fate- usage _ofcommon terms :?md expressior{ﬁ?]. During this
face interviews with software professionals from four differentevaluauon’ we also monitored the time that was neded

: - answer the questionnaire
compaies (see Table IICompany A develops equipment for .
aerospace crew and Company B is an international telecom The survey was made accessible between December 2016

company. Both of these companies are located in Swede%r.]glf;%u%r\%,?eg'gﬂ%a;ﬁgm?ﬁé ggﬁ/geuﬁggﬁgg&o r%%ks
Company C is amediumsized Finnish firm creating and p P X y Y a

providing a wide range of clinicalata assessment solutions to 1€ Participaton in the surveywasvoluntary. In designingthe
customers active ithehedthcare sector survey we tried to form neutrajuestionandorderedthemin

a way that one question did not influence the respongieeto
7777777777777 - next question. The sy invitation was mailed directly to 34

! l developers in severompanieswithin our networks, all located
: Aﬁtf;izg‘:“s i in Scandirvia, .With an extensi\{e range of software
™ ‘ development projecttn total, we received 33 valid responses.
Occurrence : i Thefirst part of the survey gathenl descriptive statistide
&, | Future/Goal 1 Morale summarize the backgrounds of tiiespondentsand their
¥| Antecedents | | software. This dates compiledand presenteith Tablelll. As it
™ w l can be seen from Table Il &f the survey respondents have
Management completed a university degree, while thgority of them have
Interpersonal |/ o - .
| Antecedents | | more than 10 years of work experience in software industry
L. l
Antecedents of Morale ! compary A andCompanyD useSonarQube-a tool used to identify

Fig. 1. Influence of TD and its management on antecedents of morale Source Code TPand Company B uses anfimuse tooto identify ATD.



TABLE Ill. CHARACTERISTICS OF THE SAMPLE SURVEY
Individual Company

Experience Software system ype(s)

< 2years 8,8% Embedded sys 76,5%

2-5year 17,6% | Realtime sys 29,4%

5-10 yea 17,6% | Data management sys5,9%

> 10 years 55,9% | System Integration  2,9%

Education Modelingand/orsimul. 2,9%

Master degree 76,59 Data analysis sys 14,7%

Bachelor degree 20,69

Ph.D. degree 2,9%

Gender

Male 82,3%

Female 17,7%

“1f you don't reduce the technical debt you will get development into
a stall in some point; maybe we are actually walking now but we
could run but the crawl will come if we don't pay-off the technical
debt so we will get less and less feature in” — Interviewee 6

Fig.3. Coded as “Lack of

progress”

We continuedthe data analysis proceséth assigning the
coded exiacts of data to all the relevant themes. Each extract
of datawasassigned to at least one theme and in many cases to
multiple theme. For example,the code shown in Fig8 was
assigned to two themes call ec
of T D "this, w8 were able to capture the relationship
between themes to create our initial thematic map.

In Phase 3 the research team reviewed the identified

The secnd part of the survey included questions based othemes, their relations, and coded data assigned to egoh of

our theoretical model presented in Fig.ld.this part of the
survey the participantawvere asked to rate a set ofint

themes. Based on the feedback from reviewinghbmes the
first author continued to refine the codes and themes and the

Likert Scale statements (very slightly or not at all, a little,thematic magsee Fig.4). During this phase we realized that
moderately, quitea bit, extremely), to indicate their opinion the data from interviews do not support some of the original
about the impacts of TD and its management on antecedentst@émes related tamorale thatwere adapted from[15].

morale.

C. Data Analysis

Therebre, we excluded those themedichare shown in grey
from our final thematic mayséeFig. 4).
Finally we have prepared a discussion of the results of our

To analyze the qualitative data collected from interviewsjata analysis to explain the relations between the occurrence

we have used thematic analysis approa¢®8]. Thematic

and management of TD and developersmor al e. At

analysis is a reliable data analysis method for capturing anflis phase, we put forward a set of propositions about the
reporting themes-important patterns of meaning related to ajfiuence of TD and its management on antecedents of morale.

research phenomenerwithin qualitative data [28, 29]

These propositions were then complemented by conducting an

Thematic analysis is especially suitable for studying thepjine questionnaire.
attitudes and behavior of people to explore a novel research

pheromenon[29]. Sinceit has beersuggested that a theoretical Valued & aken

thematic analysis is more useful in testing an existing theory ir seriously

a new context[29], we decided to perform a deductive Affective

thematic analysig28] in three phases (see Fg). Antecedents
In phase 1, we first prepared@debook based on two main Support &

sources that were identified during the literature review. First ) communication

based on [15], a set of codes related to morale were generat —

(see Appendix A). The second set of codes related to TD, an D (-) Future/Goal

its management, were generated baseflp After preparing Occurrence Antecedents Progress

the codebook, the first author transcribed the recordec

interviews and the research team reviewed the transcriptions | Influence of

order to familiarize themselves with the data and to get ar Interpersonal |~ others

overall idea of the collected data. The interviewsngside Antecedents [\ [ Relationship

with their transcriptions were added to a data analysis toc

calledNVivo.

In phase 2, the first author coded the interviews to identify

with others

Valued & taken

data segments relevant to the research questions (see Fig. _ seriously
Some of thee initialcodes were randomly pickeahdchecked Affective Self-worth
by the other author@ order to triangulate the interpretation of Antecedents 5 =
the data and tminimize bias as much as possible. upport &
(+ communication
Literatu_rg 7% z:zgzggﬁ ‘ Initial coding Rﬁ_l‘gemvgzg TD (+} Future/Goal Vision of future
— v v ¥ Management Antecedents Progress
. L Familiarizing Searching for Refining
Intewlewsl + with data themes themes (+ Influence of
o . 2 Interpersonal |___others |
Reporting the Antecedents m
results .
with others

<¢—— Phase 1| —————p»<&— Phase 2 —P»<&— Phase 3 —P
Fig. 2. Data analysis process.

Fig. 4. Thematic map




IV. RESULTS dimension.First, the majority ofthe interviewees mentioned
that their efforts for managing TD avalued andappreciated
A. Resultf the Interviews by their colleagues and management team. For example

The results from the interviews suggest that both presendgterviewee 4mentioned thafi i ¥ you deal wi t|
and management of TD can i dhayoyesa measuglle,syriace jopg st 0 rmoir A fe0 V ¢
particular, the occurrence of TDnainly has a negatve ¢t hose things are highly appre
influence on the affectiveand future/goal antecedents of  Additionally, the majority ofour interviewees think that
morale. On the other hand, the interview data indicate thaPthers trust their decisions, concerning TD managemérie
management of TD has a strong positive influence on all th@ga!f of then mentioned thathey havereasonabl@mount of
three dimensions of morale. In the followirggctionswe  autonomy to pedrm refactoring and rpaying TD. However,
discusghese findings in more detail. it seems that from the interviewees per s phect i

1) Influence on Affective antecedents companies do not reward TD management sufficiegiven,

To explorethe influence of TDand its managemeoh the ~ ON€ developementionedthat in their company slight praise
affective dimension of morale we assigned codes into threfy @PPreciation is missingvhile anoheronesaid that in case
seconeorder themes (i.evalued and taken serioushself evelopers cannot show its value and results, repaying TD is
worth, and support and communicatipnFrom thee second 1Ot appreciated by others. o o
order themes, the occurrence of 8ms tohave a negative On the other hand, the interview dafiadicates that
influence onl y -worth. Incother evrdspite r"@naging TN iy associated with a sense ofwefth among
seems that the interviewees are usetiépresence of TD and SOftware developers. The majgrof the interviewees think
they do not have any strong affective reaction to its occurrenciat identification and communication of TD enables them to

Themajority of theinterviewees mentionetiat theydo not improve their skills by understanding their mistakes and
think that their colleagues or management tehave ever |€a/ning néw aspects of software engineeringrviewee for

criticized themfor introducing TD. Howeversome of then ~ Instance mentioned thati over t hehagykeag s |
mentioned that being criticized for introducing Fidght bea  téaching me lots of stuff and made me a better developer in a
bad feelingwhich makes it difficult tocriticize others for ~Snhortertime than it would have been possible withoutfink

taking TD Thus it is very important toknow how to t .h as been .ain ddditigre it sebnas ntiae o
; dnanaging TD leads to a sense of achievement and success

Interviewee 3raised this issueas shownin the following 2mong developers Several interviewees mentioned that

e x ¢ e yopwould Have to go and ask them why is it all red ifP€rforming refactoring and feaying TD is an interesting
your [SonaQubdpands when mine is green but that is g activity, whlch motivates the_m as well as enables them to
question that is a bit difficult to ask if people get upset if yOL(j:onstantly increase the quality of software artefacts and feel

hint that they have bad quality. confident about their produgt . .
Even though the majority ahe interviewees think that However, several interviewees mentioned that, managing
they have not been subject to criticisand they should not 1D 1S nc_)l'EDanf leasy anctatra]ght;‘]orl\l/varq task. Esgemallly
blame others for taking on TD, several interviewees mentioned!2"3919 q 0 ?gacy TO € 'ﬁ cha fenhglng smced.ﬁeve Opers
that they personally do not feel good about making a decisiofjic” need to perform a long chain of changes in difierent parts
which obviously leads the occurrence of TD. The experience ©' the code untiithey actually get to fix the initial issue.
of realizing that they have introduced TD is explained by dditionally, it is not easy to show the real value of such
several intenéwees as a negative feeling by using a widdmProvements and convince managers why it is necessary to

range of negative terms such as sense of insecurity and famﬁgrform t(;rem.Based_ on our data, it .siee.mﬁttﬁmhg -:‘—DI can
or being afraid and upset. Fdnstance, Interviewee 2 P& EVEN GANgerousin SOme casgsesit might cause failure in

mentionedthis issue asfi | t i s s arbad feklingn g2 \A@riking system and others consider it as a result of
because it nags mg. é If | havemissed something that | feel Unnecessary changéierefore some developers might prefer
t hat | s h o u | Skverhl dntemiewkes mentionedl NOt {0 touch the code and let the TD stay withiecode

Finally, the majority of our intervieweesientiond the
good support and communication within their compmyT D
management. It seems ththey consider TD as an inevitable
phenomenon, whichmust be identified, documentednd
repaid as time and resources allow. In other wondsmatter

that the reason for such feelingghatthey have a tendency to
perform a good job. On the other hand, some of th
interviewees mentioned that working with softwaresfacts,

especially legacy code, which contain large amount of TD i

scary and frustratindt must be noted thahreeinterviewees - ;
y J who introduce TD, they consider TD management agassk,

mentioned thaisuch negative feelings might depend on the which everyone can benefit fromand it is necessaryor

level of work experienceBased on the above discussion we, . ;
put farward the foFI)Iowing)roposi;tionz: improving the quality of the software artefadisrerall based

1 PTD1: The occurrence of Thasa negativenfluence on these observations we propose that. o
on the affective antecedents of morale 1 PTDMZL TD managemenhas a positivenfluenceon
the affective antecedents of morale
On the other hand, it seems that management of TD has an

influence on all the secormtder themes of affective  2) Influence on Future/Goal antecedents
To explorethe influence of TDand its managemewoh the

future/goal dimension of morale we assigned codes into two
secondorder themes (i.exision of futureandprogres3. Based
on theinterview data, the influence of TD on the future/goal

2 Please note that in acronyms used for propositiBi® stands for
Proposition Technical Deland PTDM stands fdProposition Technical Debt
Management



antecedents of morale seems to be strdhg. majority of the interviewees mentioned that-paying architectural TD and
interviewees mentioned thtite presence of TD has a negative testing TD is very important, whilsome ofthem mentioned
influence on their progress and future activities. In particularthat it is pointless tofix issues whichare considered to be

they mentoned that presence of TD hinders them from" cos met i c” (e. g. thokotems miechtarat i
progressing in their taskét the same timé& makes the future mistakenlyhighlighted by tools(i.e. false positives)or TD

unclear since developers mayface with unpredicted items located inthose parts of the legacy codeat rarely

difficulties. change. However,during the data analysis process, we
As it was mentioned by several interviewdasge amounts identified controversiabpinionsa bout such “cosr
of TD makes the mainerance difficult and costly since and “ f al s dor msiande,t onaofewaré developer

understanding and workingith softwarebecomes problematic suggested that following simple rules such as naming

and there might be unpredictable issues. Additionally, if TD igonventions is very importanthile anotherone suggested

not paid back the development speat decrease anddding that it does not maksense to go back and fix naming issuies.

new features ithe future becomes veryhallenging and even another caseone interviewee suggested that writing good

impossible In the following excerptntervieweeb talks about commentsfacilitates future maintenancef software, while

suchissueii f you don't r e dwwllgett hAmotheromeméntioned that rpalyiadhdbcunyentation T3 not

development into atall in some point maybe we are walking worth spendinghetime and effort.

now but we could run but the crawl will comené don't pay From the interview data it seems that propefTD

off the technical debt management leads to a sense of progress among software
On the other hand, some of the interviewees mentioned thdévelopers. The majority ofhe interviewees consider TD

thepr esence of TD brings dev @éntfipatton andcoronounidatbndas mcordribudoo e ntheir T h i

couldeither bebecause of being aware of a large volume of T e a ms’ g 0 adpaying arb dey fegl successful in

in their artefacts or because it dars them from performing progressing towardsuchthose goals. Such sense of progress is

their tasks. Several interviewees mentioned that introducing positivefeeling, whichenables developers to perform their

TD could make developers feel that they lavkcessargkills  tasks easily and smoothly. Therefore, based on these

and lower their confidencé\s a resultthey start to be more observations we propose that:

conscious about their decisions, and themefalevelopment 1 PTDM2 TD managemenhasa positiveinfluenceon
speed slows down or developers will be reluctant to perform the future/goal antecedents of morale.
refactoring to improve their code.

Several intervieweesnentioned the influence of past 3) Influence on Interpersonal antecedents
decisionsleading tothe occurrence of D on their progress To explorethe influence of TDand its managemeon the

Even thougttheydid not blameprevious developers foaking interpersonal dimension of morale we assigned codes into two

on TD, some of the interviewees mentioned tiaty have to secondorder themes (i.einfluene of othersandrelationship

deal with TD which is the result ofpoor decisionsmade by ~ With others. _ , .

previous developerswhich could have been avoided. For  Regardng therelationship between thafluence of others

instance,Interviewee 8ne n't i o n édhe pat aither us andthe occurrence of TDthe majority of our interviewees do

or that company before us did not really pay attention and'0t blame their colleagues or previous developers for

violated the guideline and because of that we have to pay ba#iroducing TD even though they ackriedge that previous

[TD] now” . decisions have led tthe occurrence of TD and it could be
Additionally, several interviewees mentioned that wher@voided bymaking better decisions. The following excerpt

different modules are developed by different develppar ~Shows the opinion dhterviewee Sn thisregardfii t = may b e

teams, existence of TD in one module can influette Stressful or frustrating to work with this legacy cpddit] has

progress obther developers as wels a resultworking with been written in a better way it would have been much faster

an externalmodule, which is not well maintaineds often and easi er to implement this
frustrating and time consuming. Thabovementioned In regard to the relationship with others, it seems that from
discussion leads us propose: the interviewees’' perspective

understanding with their teamsabout the reasons behind the

occurrence of TDMost of them think that a combination of

factors leads tahe occurrence of TD, and therefore, they do
On the other handthe majority of the interviewees not feel that previous developers dragged them down by

mentionedthe importance of TDmanagement, whicrom  introducing TD.

their perspective makes the future bettemtpaesentThese Since we could notisicoverstrongevidence from our data

interviewees mentioned that they have a clear vision of how t@dicating that TD has a negative influence on interpersonal

properly manage TD within their company. In doing so, theyantecedents of morale we propose:

use different techniques and tools to identify, document, ¢q PTD3: The occurrence of TD has no negaiivituence

1 PTDZ2 The occurrence of TD has a negatimluence
on the future/goal antecedents of morale

communicate, prevent, and-pay TD. Additionally, it seems on the interpersonal antecedents of marale

that proper TD managemenis associated with a sense of ) ) ) )

satishction For instance,Interviewee 6mentioned thatii | Finally, concerningheinfluence of others, it seems that the
think that is a nice feel i norty®f oyrdnteryigwegs consider Ji3 ynangggmeptasy e |
would say it is a positive feeling it is a motivator teamwork by which they contribute to a set of common goals

All the intervievees considerre-paying TDto benecessary ~Within their teams. Especiallythey consider conducting
but for some itemsit is pointless. For instanceseveral reviewsas a positive contribution by whichey areable to



identify TD andhelp each other in improving the quality of Utilizing our theoretical framework and findings from the
software Interviewee 7n the following excerptefersto this  interviews, we prepared these statements in a way that they
ma t ttlempersorwho reviews my code is a very nice persacomplement our fidings from the interviews. As illustrated in
so itis not like questioning me why did you write tikis and if ~ Table IV, four of these statements are related to the negative
he says something it is just for making the code Better effects of TD (ST1, ST2, ST3, ST4) and three of them are
On the otherhand in regard to relationship with others, related to the positive effects of TD management (ST5, ST6,
most of our interviewees think that the current team iST7) on antecedents of morakenally, ST8, directly refers to
responsible taonanage TD an@mprove the quality of software the positive influence of TD management on morale. This
constantly even thougta fewof themmentioned thatitisnot enabl es us to verify whether
pleasant to improve the legacy codéis may be due to the influence of TD management on antecedents of morale are in
challenges of rpaying TD of the legacy code as discussedine with their perception of the influence D management
earlier. Therefore, they think that identification and on morale itself. The summary of the ratings provided by the
communication of TD is aerice, whichis done to help their respondents is shown in Fig. 5.
teammates in improving the quality of software artefacts. We measured the central tendency and frequency of the

Based on these observatiams propose that: respondent s’ ratings (see Tal
1 PTDM3 TD managemenhas a positivanfluenceon  greater median indicates that thespondents consider the
the interpersonal antecedents of morale influence mentioned in a statement to be more significant,

while a smaller median indicates such an influence to be less
significant. About dispersion, a lower Interquartile Range
. (IQR) value indicates higher levels of consensusoram
futuregoal ~ antecedentsmorale, but no influence @ rognandents while a higher IQR value implies lower consensus
interpersonal antecedents _o_f mqraﬂm the other handlD among respondents.

management has a positive influence on all the three ', %014 o the influence of TD on the antecedents of
dimensionf morale especially on future/goal dimension. morale, ST1 received very low rating (median = 1) with very
B. Results ofhe Online Survey high level of consensus among respondents (IQR = 0). This
suggests that the respondents think that they rarely have been
subject to criticism for introducing TD. In addition, ST2
received moderate rating (median = 3), which suggests that the
respondents, with medium level of consensus (IQR = 2), do not
feel very confident when introducing TD. These results

As discussed abovéhe intervew data provide evidence
that TD can have anegative influenceon affective and

We complemendd our findings fromthe interviews by
conductinga surveyin which 33 software professionalated a
set of5-point Likert Scale statemenfseeTable V).

TABLE IV. STATEMENTS WHICH WERE RATEDBY SURVEY RESPONDENS . . . .
_ _ indicate that the occurrence of TD has a negative influence on
sID Statements D:("’:Ae"S'Ion affective antecedents of morale. This observation supports
have been aiticized by others for aKinG A?fect%’:e PTD1,which was proposed based on the interview data.
ST1 e y e Additionally, the ratings for ST (median = 3; IQR = 2)

ST2 | ondstoqp e make a decision whie) Aecive show that the survey respondents, with medium level of
ST3 | feel that presence of TD hindererfrom Future/Goal Cons_ensus' conS|der_ TD to mOderat_EIy hinder ther_n from
making progress making progress, Wh_lch SuppoRg D2 Finally, ST4 received
T4 | ! feel upset when others find out that | have | Interpersonal very low rating with high level of consensus among
takenTD. — , respondentgmedian = 1; IQR = 1). This indicates that the
ST5 Isgen(:LtP}aDtothers appreciate it when | pay bac Affective res p. o_n q.e nt S_’ ' C 0 n S'i der t he int

ST6 | | feel satisfied when | pay back somb. Future/Goal be very mSImelcam.' which is in line witATD3

ST7 | Tam enouraged by others to pay back 7D | interpersonal Concerning the impacts of TD management on antecedents
ool that a?n chk o inchaZes Our' Al th‘;ee of morale, ST5 received high rating (ned= 4) with medium

ST8 | 'L 4 m,psy gmor al e level of consensus among respondents (IQR = 2). This

ST1 84,8 %

=)
=)

Very Slightly ornotatall mAlittle = Moderately m Quite a bit Extremely

Fig. 5. Summary of the responses to the online survey



and interpersonal feedbaend enables developer® better
TABLE V. MEDIAN AND IQR CALCULATED FOR SUR\EY RESPONSES perform their tasks and to improve software quatitiuture

SID | Median | IR Sitéﬁ)gslzgsvsge Related Proposition A. Implicatiors

ST1 1 0 Yes PTD1 Our study has several novel contributions for both software

ST2 3 5 Yes PTDL engineering research and practiEest, our study is the first

ST3 3 5 Yes PTD2 one, which specifically concentrateson investigating the

STa 1 1 Yes PTD3 influence of TD oM dahg e weper

sTS 4 5 Ves STOML exploredtheimpacts ofTD and its management on antecedents

ST6 2 1 Vos 5TDM of morale As a result, we were able to show that the
occurrence of TDcanreduced e v el op e rwhile TDnor a

ST7 3 2 ves PTDM3 managementncreasegheir morale These findings are very

ST8| 4 1 Yes PTDM1,PTDM2,PTDM3 encouraging since they clarify the relatdoetween different

3The values arebasedonthe Liet a | es where 1 = “Vvery slightIgdimensions ef morale and Tin-particular By emphasizing
the importance ofaffective andfuture/goal dimensiomn of

observation suppts PTDM1 and suggests that the survey morale this study suggestthat while making tradeffs
respondents generally think that their efforts for managing TDeading to the occurrence of TBpftware firmsmust better
are appreciated by their colleagues. consider the shortand longterm consequences of Tbn

In addition, ST6 received high rating from respondents wittd e vel oper s’ b enhsaftware develapmenteaad |
high level of consensus (median = 4; IQR = 1), whicliceigés  maintenance processeshis becomes even more int@nt
that the respondents strongly feel satisfiéth re-paying TD  considering the intervieweegontroversial viewpoints about
This supportsPTDM2 which suggests managing TD has athe necessity ofe-paying different types offD items. For
positive influence on future/goal antecedents of morale sinceiitstance, the longerm costs and complexities associated with
is associated with a senseprbgressAs it can be seen from architecturalor testing TD carsurpasghe shoriterm benefits
Table V, ST7 received moderate ratingmedian = 3) with ganed by taking on such TBDn the other hand, the results of
medium level of consensus (IQR = 2).iglshows that the  this study suggest that software firms need to consider TD
respondents think that they are moderately encourdoyed management more seriously, by investing more resources and
othersto repay TD, whichindicatesthe positive influence of promoting a quality culture in which developers are
TD management on interpersd antecedents of morales encouraged and rewardedr fidentifying and repaying TD.
proposed inPTDM3 Finally, ST8 was commonlyrated as This need becomes more obvious consideringirikebetween
significant(median = 4; IQR = 1)whichsupportsPTDM4and mor al e a n d pradiuetiviey [1D, A% Therefore our
suggest that in general management of TD hasstiong  study indicatethe need for future studies to further investigate
positive influence on devel the emssguencesoof EDloe develgper mo r dtimatelya n d

As discussedcealier, some of the interviewees mentionedtheir productivity Finally, exploring morale through its
thatdevel oper s’ percepti on a lnotecddentt ficters i@ navetresqanckapptoack withifithe T D
could depend on thelevel of work experience. To determine softwareengineering disciplinewhich can bauitilized in future
such relationshipsa set ofKendall's taub correlationtests researcho better understand and explain the et ofmorale
wereconductedTheresultsof thesetestsindicate that thenly  within differentsoftwareengineeringcontexts.
considerable correlation is between r espondent § ' ¥V8 r l&
experience and theiperception about being criticized for B Related wor
introducing TD which waspositive andstatistically significant Although in recent years considerable interest has been
atthe 0.05 leve( 1 b0.338 p = 0.039). This rejects the idea shown in conducting research on TD, there is a lack of studies
that lessexperienced developers are more concerned abogkploingt hi s phenomenon from indi
being subject to criticism fdntroducing TDand supports our particularly concentréiig on explaining thebehavioral and
previous findings that in general developers rarely criticizgoSychological aspects of TD. By reviewing previous literature
each other for the occurrence of TD on TD, we could find only a limited number of previous studies

In general, theresults of the survey support our mentionngt hat TD may i nfl ueifcde de
propositions that the occurrence of TD negatively influence@4, 26]and morale[6-8, 25] Therefore, we decided to conduct
the future/goal and affective antecedents of morale but not ig field study to explore the potential impacts of TD, and its

interpersonal antecedents. On the othand, management of management, on devel opers mo
TD positively affects all the threeéndensions of morale. Even thoughrom et al.[7] suggestthafD has* a st r on
negati ve i mp a cargueahatfurther erpirial’ , V
V. DiscussIiON investigationis needed to precisely measure the strength of this

In this research,we aimed to answer twaresearch Negative impactThis is becaL_Jse.our findingshow that the
guestionsIn response t&RQ1, regarding the influence of TD occurrence of TChas a negative influence on the future/goal
on moralejt can be saidhat the occurrence of TBanreduce and affective antecedents of morated not on its interpersonal
devel opers’ mor al e rhairiprogress Relecedentsla otheg worpfs, ywg oglieve thatD reduces
andmakes it challenging to perform their tasksresponse to  d € v e | m@atesirge ithindeis themfrom performing their
RQ?2 it canbe said thatpropermanagemenof TD increases development tasksjaking pogressand achieving their goals.

d e v el meabesirss itis associated with positieersonal ~ This is in line with previous studies that suggest the presence of
TD slows down development] and reduces d



productivity [7]. In addition, we were able to show that theexperimerdl environment are needed toaddress this
occurrence of TD has a negative influence on affectivdimitation.
antecedents of mor al e and i nComraningekternall validity[3®]n ourdresmte arengingyr s’
worth. In an exploratoy field study and based on interviews based oneight interviewees, and therefore, it is difficult to
with 35 software developerd,im et al. [24] suggest that argue that our findgs are generalizable. However, by
software developers have a negative attitude toward TD sin@®llecting data from four different companies and cotidgc
they have a tendency tcareate” perfect software The results an online survey answered by 3oftware professionalsye
of another case study conducted in a Finnish software companguld show that our findings are relevant for other firms
[4] show that software developers do not feel good abounbterested in considering TD and its maem@gnt. Another
taking TD since ey have to deal with it in future. Finally, potential threat refers to the demographic distribution of
Peters[26] suggests thathe presence of TD has a negative response samplesince nost of theinterview and surveydata
i nfluence on de Evertlopgh nose of theo was eoletted mnScandinavia. Thus, the results might be
previous studiedirectly refer tothe relatioship between TD  different in other geographical and cultural areas.
and de vslfworphghisobservation can be explained  Finally, shce our findings are patally grounded in
in terms of d eof prbdacme high 'quality e nuéligative interviewsthere is a concern about the reliability
software[24, 26] In particular, since the occurrence of TD [30] of thefindings. We tried to mitigate this threat in different
hinders developers from achieving this goal, it may have ways. First of all we used triangulation botturing thedata
negative infl uenvorth. on dev el oopeetions and datlafalysis processes To increase the
Additionally, in this study we were able ghow that TD reliability of the data collection processat least two
management has a positive influence on antecedents of moraésearchers were involved in planning and conducting the
and consequently it can be said that proper management of Tilerviews (i.e. observertriangulation). Additionally, to
i ncreases de WeCoonpllE2s] makesasimilarl eomplemenbur findings from the interviewsve conducted an
argument ina blog posby suggeshg that rep a y i n gan T Dnlife survey and asked a group of software professionals to
be motivational and good for team moral€inally, in their  provide their opinions abowt set of statements based aur
empirical study and based on the results of two surveyesults(i.e. methods triangulation However, further empirical
answered by 37 software professionaBpinola et al. [6] studies, are needed to collect rich data and to provide a
suggest that rpaying TD may have a positive influence on processbased explanation of howhe influence of TD on
morale however, future research is needed to clarify thisnorale changes oveaime during the development projects.
relatiorship To further increase the reliability of théindings even though
oo the data analysis waserformedmainly by the first author,
C. Limitations each phase dhedata analysiprocessand its outcomes were
As an empiricaresearchthis studyis subject to different monitored andeviewed by thevhole research teanfinally,
threats. We discuss these limitations by according to four typeghile monitoring the responses to the online survey we
of threats to validity suggested Byineson and H6§80]. realized hat one of the respondents has rated all the statements
Concerningthe constuct validity [30], there is a concern neutrally (i.e., straight lining). Therefore, we decided to remove
about using right operational measures for studying the concegie ratings of this respondent to avoid any threat to validity of
of morale. To mitigate this threatve decided tdollow an  data analysis. It must be noted that excluding this respondent
approach, whictrelies on capturing different levels of morale only affects the median value of the ratings for ST5.
through investigating its antecedent facfds)]. As a result, to
avoid any misconception, instead of directly asking questions VI. CONCLUSIONS
aboutmorale, we asked questions abth# influence of TD Following a mixedmethod approach and drawing from
and its management an set offactors affecting morale. In  previousliterature,we were able tshowthat theoccurrence of
addition to avoid misunderstanding the research question§p canr e duce de v e.Gnphe rotser hamiihe a | e
both theinterviewand surveyjuestionnaireweretested prior  regylts clearly suggethatproper management of TD increases
to data collectionFinally, we recorded all the interviews and g e v e | 0 p e rAkhbughiiefindingof this exploratory
the research team reviewed the transcription of thesgad study are very interesting andencouraging future
interviewees to avoid any misinterpretation of the collectegesearchcan provide abetter in-depth understanding dhe
data.However, since in this study weok a holistic approach rejations betweethe occurrence ash management of TD and
to examining the influence of TD iad its management on g e v e | o p e.rEspeciallployusin @ wider range of data
morale, future researcls neead to provide more specific soyrces and utilizing different psychological measures, future
understanding of howdifferent types of TD and TD research capossibly indicatéhe strengthof such impactsnd

managementactivitiesan i nfl uence . dev egpdet hny potdhfal Ritfefences betweerevelopment
In regard to internal validity30], there is a risk that contexts

devel oper s’ mor al e is influenced by wuncontrolled factor s
than the occurrence and management of TD. To mitigate this ACKNOWLEDGMENT

risk, at the beginning of each interview we askibugk We thank all
interviewees @ choose specific itesnfrom their TD backlog
and answerour questions accordinglyHowever, since we
cannot be sure thato other uncontrolled factonas affected
devel op e rfuture researchapreterabiy a controlled
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APPENDIXA THE ANTECEDENTFACTORSOF MORAL ADAPTED FROMHARDY [15]

Themes Secondorder themes Codes for high morale Codes for low morale
Valued& taken seriously | Appreciation, Trusted, Autonomy Marginalized, Injustice, Fragmentation
Affective Selfworth Achievement, Feeling successful, Interesting work | Boredom, Feeling failure
Antecedents 'sypportg& communication| Good communications, Recognition, Leadership, | Criticism, Being demanded, Lack of praise/recogniti
Praise
Vision of future Attractiveress of vision, Clarity of vision, Better than Lack of clarity, Changing objectives, Pointlessness,
Future/Goal present, Security, Challenge, Importance of the task Lack of confidence, Future is seen as bleak, Insecu
Antecedents | Progress Sense of progress, Feeling successful, Contributior] Lack of progress, Interference from others
goal
Influence of others Contribution, Teamwork/pulling together, Pride, Being dragged down by others, Bullyingeiig
Interpersonal Interesting work demanded, Organizational politics
Antecedents | Relationship with others | Cohesion, Good atmosphere, Helping others Isolation, Marginalization, Bad atmosphere, Division
workforce
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