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TDD: WHEN NEEDED, AND MOST IMPORTANTLY, WHEN NOT

Abstract. Software testing 1s a procedure that allows to confirm or deny the
performance of the code and the correctness of its work. Thus, testing plays an
important role in software development, because the quality of the code and
productivity depend on the choice of the testing method. Unit testing is the most
common testing method that aims to test each piece of code. Among the various
approaches to unit testing, Test-Driven Development (TDD) and Test Last
Development (TLD) are the most common. Therefore, this paper discusses 2
main methods of software development: TDD and TLD. This work is aimed to
analyze the effectiveness of TDD as opposed to TLD. As a result, the
effectiveness of TDD slightly exceeds TLD. Granularity, uniformity, and
refactoring showed positive key results in terms of code quality and
performance, while sequencing did not significantly affect any of these factors.
Thus, during software development, 1t i1s worth applying separate TDD
processes, such as granularity, uniformity, and refactoring.

Keywords: Unit Test, Test-Driven Development, Test Last Development,
External quality, Developer Productivity.

wTRE

AnaaTna. barapiraMalTbIiK JKacaKTaMaHbl TeCT1IeY-0y 1 KOATIH KYMBICBTH
JKoHE OHBIH JYphIC JKYMBIC ICTeYIH pacTay HeMece JKOKKAa IIBIFapy
nporneaypacel. Ocpliaiima, TecTuley OarzapiaaMaliblK KacaKTaMaHBI a3ipieye
MaHBI3JBI Pejl aTKapajbl, ©ffTKeHl KOATHIH calachl MeH OHIMIUIII TecTiIey
3IIICIH TaHJayFa OallTaHBICTEI. BIOKTE TecTiney-0y/1 eH Ken TapalFaH TecTLIey
9IIIC1, OHBIH MaKcaThl KOATHIH 3p OemiriH Tekcepy Ooabm TaOblTagsl. BIOKTHI
TecTUIYIIH JpTYP/il TaCUIAEpIHIH INIHJAe eH KOl TapaFaHIapbl-TecTiaeyre
Herizgenredn namy (TDD) :keHe TecTuleyre HerisgenreH namy (TLD).
CoHasIKTaH, OV MaKanaa OaraapiaMalIbiK JKacaKTaMaHel 231pJIeyIiH 2 Heri3rl
axici Kapacteipsiaagel: TDD sxane TLD. by sxymeic TLD-re kaparanaa TDD
THIMAUTITH Tangayra Oarertranrad. Hemiokecinge TDD tmimvaumir: TLD-gen
can acagsl. Erxeli-Terxeiinl, OlpKeIKUIIK KoHe peaKTOPHHI KOATHIH CaIlachl
MeH OHIMJIUNTI TYPFRICEIHAH OH HATIDKe KepceTTl, al pPeTTLINK OCHI
(dakToprapaBIH  emIKAliCBICBIHA ailTapiblKTail acep ernexi. Ocklraiima,
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OargapiIaManbIK JKacaKTaMaHB! 331pjey Ke3lHe erKeil-Terkeilal, O1pKeIKUIIK
JKaHe peaKTOpHHT CHAKTHI keke TDD mpoliecTepiH KOJIJIaHFaH KeH.

Tyitin ce3mep: OJIOKTBI TeCTiIey, TeCTLIeyre HeTI3lelIreH JaMy, COHFBI
J1aMy, CBIPTKBI caria, 331pJeyIiHIH OHIMIUIIIL

wedkR

AnHoranua. TecTupoBaHime mporpaMMHOro obeclmedyeHHE — 3TO
npoueaypa, M103BOJIAIOIIAL NOATBEPIUTH 160 051 ONPOBEPTHYTH
paboTOCIIOCOOHOCTh KOJa H MpPaBIIBHOCTHE ero padorel. Takmm oOpazom,
TeCTHpPOBAaHHE HIPaeT BaXHYK poldb B pa3paboTke MPOrpaMMHOTO
obecneueHns, MOCKOIBKY KauecTBO KOZa H MPON3BOANTEILHOCTE 3aBHCAT OT
BBIOOpa MeToJa TecTHpoBaHHA. MoIylIbHOe TeCTHpPOBaHHE — 3TO Hauboiee
pacnpocTpaHeHHBII MeTO TeCTHPOBAHIIS, Le/IbK0 KOTOPOro ABJIAeTCH IIPoBepKa
Kaxgoro (parmenra koga. Cpean pa3mIUHBIX MOIXOIOB K MOIYJIBHOMY
TECTHPOBAaHHIO Hanbolee paclpoCTpaHeHHBIMH SBIAOTCA pa3paboTka Ha
ocHoBe TectupoBaHng (TDD) u mocrenssas pa3paboTka Ha OCHOBe
TectupoBaHus (TLD). Iloatomy B [gaHHON cTaTbe paccMaTpHBAwTCA 2
OCHOBHBIX MeToJa pa3padoTku nporpaMMHoro odbecnederns: TDD un TLD. Ota
paboTta HampaBieHa Ha aHanmn3 3(dexruBHOocTH TDD B oTmmume ot TLD. B
pesynbTare 3¢ dextuBHOcTE TDD HemHoro mpepbimaer TLD. Jletammsamms.
ennHooOpasie u  pedakTOpHHT MOKa3adn IMOJOKHTEIbHBIE KIHOUEBBIE
pe3yabTaThl ¢ TOUKH 3peHHs KadecTBa I IIPOH3BOANTEIBHOCTH KO/1a, B TO BpeMs
KaK [10C/Ie/I0BaTeIbHOCTh He OKa3ajla CyIIeCTBEHHOTO BIHISAHIA HH HAa OIHH H3
3THX (akTopoB. Takim oOpazom, IpH pa3paboTKe MPOrpaMMHOro odecredeHns
CTOHT MNPHMEHATh OTHelbHble npoueccsl DD, Takne Kak geTanm3aiiisd,
eMHOo00pasne n pedaKTOPUHT.

KuroueBnle ci10Ba: MOAYIRHOE TeCTIIPOBaHIe, pa3paboTka OCHOBaHHAsA Ha
TeCTHPOBAHHI, MocTIeTHAS pa3paboTka, BHelllHee KauecTBo,
IPOH3BOANTEIBHOCTD pa3paboTUHKa.

I Introduction

The importance of testing in software development is undeniable, as it
contributes to mmproving the reliability, quality, and performance of the
software[1]. It also allows the developer to check whether the software is
working correctly and make sure that it is doing what it 1s intended to do[2].
Thus, nowadays there 1s a wide variety of testing techniques[3], so the question
of choosing an effective testing method remains relevant at all times.

One of the important aspects of software testing is the ability to fix software
errors (bugs) at the initial stage of development, which reduces the risk of defects
in the final product[3]. Consequently. the earlier the process starts, the earlier
bugs are detected, and the lower the cost of fixing them [4]. Therefore, among
the various types of software testing, unit testing is the most common, since it is
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aimed at testing small parts of the code, such as functions or methods of a
class[5]. Unit testing also has various approaches, among which the most
fundamental are Test-Driven Development (TDD) and Test Last Development
(TLD) [5].

As a result, the purpose of this literature review was to evaluate the
effectiveness of the application of Test-Driven Development, as well as
analyzing and determining its benefits and challenges.

This paper has the following structure: Section 2 presents general insight
into Unit Testing, Test-Driven Development (TDD) and Test Last Development
(TLD). Also, a comparison of TDD and TLD is reflected in this section. The
review of various research on the effectiveness of the TDD is reported in Section
3. Section 4 concludes the paper.

2. Software Development Techniques

This literature review is focused on the software development methods,
therefore, in the following sections, definitions and the basic principles of Unit
Tests, Test-Driven Development (TDD), and Test-Last Development (TLD) are
given, the main differences of which are the rigidity of the structuring and the
sequence of execution [5].

2.1 Unit testing

The importance of providing quality code and improving development
efficiency increases as the scale and complexity of software increases [6],
consequently one of the most important stages of software development is
software testing [1]. The main task of software testing is to find defects in the
software in the early stages for the purpose of decreasing software development
costs and increasing the reliability of software [4]. Finding the software defects
means correct and fast identification of the root of the error, and this can be
achieved through unit testing [7]. Therefore, unit testing with the ability to check
the correctness of a single unit of functional code is one of the main approaches
to software testing [5].

Writing tests for each individual function or method is the main concept of
unit testing. Testing 1s carried out with high granularity, since small parts of the
system are tested, rather than the entire system as a whole [4]. This allows to
quickly check whether the next code change has led to regression [7], that is, to
the appearance of errors in already tested places in the program, and also makes
it easier to detect and eliminate such errors [8]. Among the various applications
of unit tests, Test-Driven Development and Test Last Development are two of
the most basic [5].

2.2 Test-Driven Development (TDD)

Test-Driven Development is a software development strategy based on
repeated short development cycles [9]. The essence of TDD is that first a test is
written that covers the desired changes. Next, a program code is written that
executes the desired behavior of the system and allows the test to pass. After
that, the written code 1s refactored with constant testing of passing tests [8]. In
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other words, the philosophy of TDD is that tests are a specification of how the
program should behave. This method is also known as the red-greenrefactor
cycle [4], which was proposed by Kent Beck in 2003.

TDD application involves the following three steps:

1. Red: writing a failing test for a small piece of functionality.

2. Green: implementation of the functionality that successfullypasses the
test.

3. Refactor: refactoring old and new code to keep it in a wellstructured and

readable state.
‘ WRITE TEST

CODE

ERROR FREE
CODE

| CODE NOTMEETING
REQUIREMENTS

ERROR FREE CODE
AND CAN IT BE
UPGRADED?
WRITE CODE TO
p MEET
l REQUIRMENTS
CODE MEETING
REQUIREMENTS

Figure 1: Test-Driven Development Red Green Refactor Cycle [4].

2.3 Test Last Development (TLD)

In contrast to Test Driven Development, developers follow the classic
method of software development, specifically Test Last Development (TLD)
[10]. At the stage of requirements analysis, based on which the code should be
developed, there 1s clear documentation of all the requirements, functionality,
and states [4]. After the software plan (technical task) for all steps of the software
development process is approved, the code
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Figure 2: Flowchart of Traditional Testing [4].
is developed and, after the developer is confident that he has fulfilled all the
technical conditions, tests are written to check whether the code meets all the
requirements [9].

2.4 Comparing TDD and TLD

Micro-iterative test-coding cycles define the TDD’s fine-grained approach
[9] - in contrast to traditional approaches, where ** systems are generally built
up-front and then tested”, define it as a coarse-grained approach [11]. The
traditional method of development (TLD) involves writing test codes at the last
step of software development, that is, after writing the production code [11, 12].
As opposed to TLD, in TDD first of all, a small test code 1s written to check the
required functionality. At this stage, the test will fail because the functioning
code has not been written yet, but at the further stages of development, this test
will be used to check the correctness of the code. Developing the code itself is
the third step. To check whether the existing functionality of the code
corresponds to the desired one, the former one is tested for all cases. An indicator
that the existing code 1s working correctly 1s the successful passing of the code
on all tests [4,5.8].

The next important step in TDD is code refactoring, that is, modifying the
code in various ways, such as removing duplicates or improving the design
structure, the main goal of which is the absence of behavioral changes in the
software [9, 12]. Accordingly, refactoring provides high-quality and easily
readable code with a well-designed structure that allows the software developers
to make new changes in the code without breaking and changing the functional
requirements of the final product [8].

It is necessary to continue running the existing code for all tests until there
1s no need to change the functionality of the code. Then and only then,
refactoring should be stopped [4]. Refactoring is an additional, but at the same
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tume an important stage in software development, however, this stage 1s skipped
in the traditional method of development (TLD) [12].

Thus, the TLD method assumes the presence of a program plan, thought out
in advance for each stage of development, which is consistently implemented
with testing at the last stage [10]. Whereas TDD obeys a more flexible and
iterative development approach, where continuous code development,
refactoring, and testing are observed [4].

3. Literature review

This section highlights the main findings of the authors of various studies
on the application of TDD in practice.

In their research work, Yogesh and Vimala (2020) reflected the main
aspects of TDD by identifying methods and internal processes and comparing it
with the traditional testing method. Thus, the authors of the study concluded that
the implementation of TDD in practice was effective since TDD improved
software performance by writing test codes that increase test coverage as well as
reduce errors. Yogesh and Viamala noted that the primary writing of test code
in TDD, followed by writing production code, contributed to a deeper logical
understanding of the functionality of the code. Thus, authors pointed out the
following advantages of using TDD: the absence of ambiguity in the code due
to writing test codes, the ability to make changes in the code at any time during
software development without breaking or changing the behavior of the final
product, and a sharp decrease in the number of errors. One of the drawbacks that
were mentioned by Yogesh and Vimala was the complexity of the application of
TDD at the initial use.

Difficulties in adapting and applying TDD were also observed by Santos et
al. (2018), whose research work was based on an analysis of experimental tasks
performed by developers and a survey at the end of the experiment. The
experimental task consisted of three levels, namely:

‘Bowling-Score Keeper’, ‘Mars-Rover” and *Spread-Sheet’, wherein each
of the levels developers needed to apply the TDD, adhering to all sequential
development steps, as well as the traditional development method. Thus,
developers with different skill levels were randomly divided into 3 groups to
perform an experiment. In an analytical analysis, researchers first provided
descriptive statistics (mean, standard deviation, and median) of the traditional
method and the TDD. Then they analyzed the experimental items using a Linear
Mixed Model. As a result, they concluded that the effectiveness of the
application of the traditional method and TDD was the same.

Unlike Yogesh and Vimala, Fucci et al. (2017) studied and analyzed the
mmpact of individual unique TDD processes such as sequencing, granularity,
uniformity (order, length, variation), and refactoring effort on the productivity
and quality of code, rather than the entire TDD technique. The analysis was
carried out based on 82 data points provided by 39 professionals, each of which
indicated the process used by the professionals while performing specific
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development tasks. Fucci et.al. provided the following observations based on the
results of the regression analysis performed: granularity and uniformity had a
positive effect on improving code quality and productivity in general. While
sequencing the order in which the test and production code was written did not
have a significant impact. And refactoring, in turn, negatively affected both
quality and productivity. Thus, the claimed merits of TDD were due to its fine-
grained approach, which allows monitoring of the sequential development flow,
rather than its distinctive first test dynamics.

Moe and Oo (2020) also used regression analysis to assess the effectiveness
of TDD. In their research work, regression analysis was used to analyze the
relationship between 2 dependent variables, namely QLTY (Quality) and PROD
(Productivity), and | independent variable, TEST. QLTY denoted the percentage
of passed tests for implemented solutions to problems, and PROD was defined
as the percentage of solutions completed tasks. According to the analysis, QLTY
and TEST showed a positive trend, which was characterized in the relationship
between the number of tests and the quality of the external code. In addition, in
the relationship between TEST and PROD, there was a certain negative
relationship, which was characterized by a certain decline in developer
productivity when using TDD methods. Thus, the researchers concluded that, in
contrast to the traditional method, TDD took 16% more time, and the number of
writing test codes increased by 52%. This affected the productivity of the
developer and the quality of the written code. Researchers agreed with the
generally accepted opinion that TDD helps to reduce defects in functional code,
which positively affects the quality of the code, while they did not exclude some
decline in developer productivity.

Papis et al. (2020) also aimed to assess the impact of development methods
(TDD and TLD) on code and testing quality. In a threeweek experiment, 19
participants of different levels participated in solving various blocks of tasks
using TDD and TLD. The researchers chose Linear Models (LMM - Linear
Mixed Model) as an analysis tool. Based on the tasks performed by the
developers, the researchers presented the following observations: TDD showed
1.8 fewer errors than TLDs and test quality was 5% higher for TDD than for
TLD. As with previous studies, they noted that TDD was difficult to use,
especially for beginners. Hence, TLD rules were easier to follow than TDDs.

Karac and Turhan (2018), in their work, "What We (Really) Know About
Test-Driven Development.,” questioned the effectiveness of TDD by analyzing
various studies. They argued that there was not strong enough evidence that TDD
was better than another development method. Thus, they emphasized that while
choosing a development method, it was necessary to proceed from the expected
results. Also, the authors of the work noted that working with short cycles of
code, namely with small, clearly formulated tasks. had a positive effect on
productivity than the order of test execution.
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Teschner (2020), as well as Karac and Turhan, strongly agreed that “simply
writing tests for the sake of it will not automatically increase the value of
production code. Tests should concentrate on the business logic and expected
behavior”. In the research carried out by Teschner, code coverage was traced by
developing a project in C ++, based on the meson assembly system, the built-in
functionality of which allows to support software testing. The project was based
on a library of linear algebra for solving a linear system of equations using the
iterative Conjugate Gradient (CG - Conjugate Gradient) method. As a result, he
claimed that with the use of TDD processes, code coverage was increased, as
well as code quality was improved. Thus, Teschner confirmed that by using TDD
processes, the probability of missing errors by mistake was minimal, and the
software met the stated requirements. Like other researchers., Teschner found
that personal aptitude was a major barrier when writing test codes for production
code. Hence, he concluded that writing effective test code primarily depended
on the developer’s level of competence. Teschner disagreed with the fact that the
increase in development time was a disadvantage of the TDD method. on the
contrary, he argued that the increased time was compensated by the decrease in
the time required for debugging.

4. Conclusion

Analyzing the effectiveness of the use of TDD as opposed to TLD, it
appeared that TDD contributes to improving the quality of software and
increasing customer satisfaction. The latter is due to the extended coverage of
tests when using TDD, the developer can be sure that the software works as
expected, meets all the requirements, and also reduces the possibility of making
mistakes in the functional code. It should be noted that using TDD, in contrast
to the traditional development method, development time increases, since TDD
mmplies writing test code for each separate module of the program code.
However, the increased time is compensated by the time spent on debugging
diagnostics.

Observing the positive effect of using TDD, it is worth noting that the
effectiveness of its use does not greatly exceed the traditional development
method. The distinctive results in terms of code quality and performance are
granularity, uniformity, and refactoring, while sequencing does not affect any of
these factors. Based on the analyzes of various researchers, it can be concluded
that the efficiency of TDD is explained by the approach to the task, namely,
finegrained, stable steps, and not by the order of execution of individual TDD
processes. Therefore, it 1s advised for developers to focus on dividing tasks into
as small and uniform steps as possible. Thus, maximum efficiency is achieved
during the performance of individual processes such as granularity, uniformity,
and code refactoring, rather than the entire TDD method.
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