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Abstract. This paper presents preliminary results on developing a Test-
Driven Development (TDD) maturity model, incorporating organizational
context and testing strategy. A qualitative study provided initial insights,
while an evaluation by experts study further refined and evaluated each
level. Our results indicate that the model captures the complexity of
TDD adoption in professional settings, suggesting its applicability for
evaluating and improving TDD practices. Future work will refine the
model and explore its application in different organizational contexts.
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1 Introduction

The idea of test-driven development (TDD) has been around since 1950’s [5],
however, its popularity gained traction later on with the work by Kent Beck [7] [8]
and other authors [23] [3] that started to discuss the practice and contributed to
the literature for adoption from practitioners.

According to Kent Beck TDD is a bit nebulous, TDD is an awareness of
the gap between decision and feedback during the programming phase. Beck
mentions the gap between feedback and the program, aiming at the difficulty for
programmers in having a quick response at the moment they are writing the code.
The classic writing code process by the person who develops software follows
three steps. The first is writing the code, the second is testing and the third is
changing the code in case something is wrong or there is a need to improve it.
Note that the test happens after the code has been written.

TDD has been a discussed subject that presents different results. The studies
over the years about TDD point to improvements in external quality [27] [24] [10] [9],
and, for some studies, it points to inconclusive on internal quality [1], even the
practice of TDD has been challenged by researchers [17]. When student settings
are taken into account the results are mixed [31]. The last 13 years of system-
atic literature reviews depict this scenario in detail [22]. Practitioners use TDD
to build software daily in different manners. Despite evidence of dropping the
practice due to pressure [11].
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However, the literature points to a lack of structure in a model that practi-
tioners and researchers can build on top of it to establish a baseline and monitor
the progress of its adoption. TDD has been closely related to code quality, and
its usage has been related to the measure of code coverage [26]. In that sense,
TDD as a practice has been lacking a model on how to adopt it effectively by
organizations and teams of software development. This paper elaborate further
on that, presenting the preliminary evaluation of the TDD maturity model that
was created based on the CMMI model developed by the Software Engineering
Institute at Carnegie Mellon University [12] that focuses on three key areas:
Requirements Engineering, Technical Enabler and Team Settings.

The remain of this paper is structured as follows. Section 2 presents related
work on TDD and maturity models. Section 3 elaborates on the why a maturity
model for TDD. Section 4 presents the TDD maturity model. Section 5 elabores
on the preliminary evaluation, Section 6 presents the evaluation of the model by
experts. Section 7 presents the conclusion and future work.

2 Related work

The concept of maturity model was used by Richardson [28] to categorize the
levels of maturity for RESTful APIs [14]. The model is linear and uses four levels.
The maturity model guides the adoption of Restful services and shapes the ways
of interacting with its consumers.

Researchers also tackled the challenge of understanding where organizations
stand regarding DevOps. Kurkela [20] conducted a study to determine the state
of DevOps within a team of 17 members. The initial analysis of the team’s ways
of working shows that the team uses Scrum as a framework to develop software,
but the framework is not utilized to its full capacity. The framework itself does
not have any formal recommendations regarding testing practices. Therefore,
in the literature, Tarlinder [30] presented a perspective to fill in this gap. The
author utilizes the maturity model developed by Zarour et al. [32], which consists
of five levels of maturity.

TDD has been a subject that researchers focused on developing guidelines
and the outcomes of the practice of observing developers’ TDD flow. The work
by Aniche and Gerosa surveyed 218 programmers and cataloged 9 of the most
common mistakes in the TDD practice [4]. In the other spectrum, the work
by Staegemann et al. [29] presented twenty guidelines based on a Structured
Literature Review to offer practitioners on the path towards TDD adoption based
on scientific production. The guidelines are cross-functional and go from learning
to practices that might prevent long-term issues when practicing TDD.

Based on the related work presented, the following section elaborate on the
context of TDD and conceptualize the foundation of a maturity model tailored
for it.
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3 Why a maturity model?

DevOps metrics marked a turning point for businesses to focus on technical
practices known by teams that excelled at delivering software with the speed and
precision required by the business [15]. These metrics emphasize outcomes rather
than outputs, and they are as follows:

– Lead Time (LT): Measures the duration from when a request is made until it
is available for customer use (often related to deployment to production).

– Deployment Frequency (DF): Reflects the ease or difficulty engineers face
when deploying changes for customers.

– Mean Time to Restore (MTTR): Measures the time taken to fix an issue
when something breaks, closely related to the next metric.

– Change Failure Rate (CFR): Tracks how often deployments to production
result in failure.

Since then, these metrics have gained widespread industry adoption, with
annual reports providing updated data through the DevOps Research and As-
sessment (DORA) 1. While outcome is the key measure under this umbrella,
various technical capabilities are required to achieve desired results. In fact,
24 capabilities have been identified in contexts where outcomes aligned with
business expectations, spanning both technical and cultural dimensions. Testing
automation is on this list as a critical area of support. A reliable test suite enables
confident continuous delivery[19].

More recently, academia has explored the SPACE framework for assessing
developer productivity and experience. Findings suggest that productivity en-
compasses not only technical aspects but also human factors, including[16]: Satis-
faction and well-being, Performance, Activity, Communication and collaboration,
Efficiency and flow.

Despite insights from both DORA and SPACE, the application of Test-Driven
Development (TDD) in professional environments often relies on guidelines
and experienced practitioners introducing the practice to software development
teams[21]. This can sometimes lead to an uninformed approach to TDD adoption.

4 TDD maturity model

Despite efforts of researchers to create guidelines on TDD, much of the focus has
remained on the technical aspects of the practice, while its interaction with other
parts of the software development lifecycle has received less attention. TDD is a
process that intersects with various areas of software development [22].

TDD impacts the entire software development process in technical aspects
as well as in business aspects. It begins with the organization’s goals, which are
considered when defining a software testing strategy, and extends to the practice
1 https://cloud.google.com/blog/products/devops-sre/using-the-four-keys-to-
measure-your-devops-performance
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of TDD in a team setting and the generation of test smells. The detailed model
with each item for each area is available online2. The proposal that follows focuses
on areas of software development and processes based on the CMMI framework
built taking action research as the basis to create it [6]. The levels of the TDD
maturity model are as follows:

– Level 1 - Initial: Interested in the TDD approach, learning about it and
curious about how to approach development with a test first, in professional
settings, the learning and the delivery happen at the same time.

– Level 2 - Managed: Write tests but not with TDD
– Level 3 - Defined: TDD is used, however, test smells are not tackled
– Level 4 - Quantitatively Managed: TDD is used, and test smells are tackled

with a free approach
– Level 5 - Optimizing: Data-driven and continuous refactoring of tests/code -

oriented to the value of the test for the business

Building a maturity model for TDD adoption in a business context points
towards a conversation between business and technology to incorporate the TDD
practice and move into a continuous improvement process that takes into account
organizational aspects in addition to technical excellence.

5 The preliminary evaluation

The preliminary evaluation was done in different stages. The first stage was
to create materials for practitioners to understand the model and share the
background behind it. In addition to that, a Google Group was created to
centralize all the materials posted and to have a centralized space for discussion.

5.1 Materials

The materials generated for practitioners to get to know the maturity model
were the following: a slide deck with the maturity model content, a thread with
the previous work done on this research, the maturity model conception in the
format of a paper and lastly, a video with a brief introduction of the research.

5.2 Evaluation

To get a first assessment from real TDD practitioners this study started to look
for participants to join the research in popular groups that advocate for TDD
and discuss it. Given those requirements, two target groups were contacted:

– Software crafters - Slack has more than 8.000 members3

2 The slideck with detailed information for each area and
level is available at https://docs.google.com/presentation/d/1T-
1D19gPe5Qp3bhllRfyiyh56wvx3gvk5zhv9r85Uls

3 https://slack.softwarecrafters.org/
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– We do TDD - Slack has more than 800 members 4

In addition to those groups, the study was shared through X56 and LinkedIn7.
With that, a total of 14 practitioners joined the Google Group to start the process
of evaluation. Once practitioners joined they were presented with a thread with
welcome material with the steps of the study and what was expected from them
to go through. The second thread created shared the materials mentioned in the
section 5.1. This thread specifically received attention from practitioners where
they shared feedback. The third thread shared the survey with practitioners as
the official channel for offering their perspective of the model. The survey was
created and split into four sections:

– Introduction - This section presented materials available to go through before
filling out the survey

– About you - This section had general questions about career and TDD
practice

– The maturity model proposal - This section had questions focused on the
proposal structure and, the levels that the model is split into.

– Closing section - Focuses on the bureaucracy of handling the data provided
by them and a confirmation that the data submitted was correct.

5.3 Preliminary results

The entire evaluation was done in three weeks, during the period of evaluation,
constant reminders were sent through private chats and the group itself, reminding
the practitioners to complete the survey, in total 11 responses were recorded, out
of 14 practitioners that joined the evaluation. The raw dataset with sensitive
information hidden is available for further scrutiny by the community 8.

About you Practitioners that joined the study ranged from different years of
experience, the least amount is 2 years and the maximum 43. Most of them
are working on backend applications, however, some of them are focused on the
frontend in addition to the backend. The age of practitioners corroborated with
the years of experience. More than 50% of practitioners are between 31 and 50
years old.

The industry varies with most of them with experience with more than one
industry. Healthcare, startups and banking are the top 3 industries, most of
4 https://wedotdd.com
5 The first published message sharing the research on X
https://x.com/MatheusMarabesi/status/1811126885839196660

6 Second attempt https://x.com/MatheusMarabesi/status/1812131152724914274
7 Published post on LinkedIn inviting practitioners
https://www.linkedin.com/posts/marabesi_tdd-activity-7216896466986930176-
bMD3

8 The dataset with responses of practitioners are available at
https://gist.github.com/marabesi/283775271fac624398291bc61829ad97
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practitioners reported working experience in those. Other industries such as hotel,
video/streaming and telecom appeared once. Regarding company sizes, more
than 60% practitioners have worked for large companies.

Focusing on the TDD practice in the industry, the practitioners of the study
showed that they have an amount of experience that is less in comparison
with their years of experience, which suggests that they started working in the
software industry before using TDD making the transition to a test first afterward.
The maximum years of experience doing TDD for professional projects was 24
years, whereas the maximum years of experience in the industry was 43. Java,
C#, Kotlin, Typescript and Go are the top 5 programming languages used by
practitioners. However, responses covered a wide range of languages, Python,
Clojure and C++ to name a few.

The maturity model proposal In this first contact with the model by expe-
rienced practitioners the survey dedicated a section focusing on the applicability
and the problem space of the model. More than 70% of practitioners agreed that
adopting TDD in a professional setting is challenging. On the same trend, more
than 60% practitioners agreed that the maturity model proposed might provide
useful guidance.

The basis for this maturity model is the intersection with other disciplines
of TDD such as domain knowledge, agile culture, requirements and software
design, it was agreed by all practitioners that those areas intersect with TDD.
In addition to that, 5 levels are an appropriate number of levels for more than
70% of practitioners. The same positive trend was found in the areas of the
model. More than 60% agreed that the areas Requirements, Technical enabler
and Teams settings are appropriate for the proposed model, the same was found
for the distribution of items between those areas.

Practitioners agreed that the proposed model offers an incremental approach
for TDD adoption in a software development team inside an organization. The
incremental approach is one of the aspects offered by the CMMI as well. Practi-
tioners agreed that the context of the organization influences the TDD adoption.

Discussion For the maturity model itself, results point to a model that is useful
for adopting TDD in professional settings, however, results for each level point
that at its current form improvements are needed. The model might have a well-
rounded proposal about areas and subjects that intersect with TDD. Therefore,
despite not being detailed here, practitioners offered feedback regarding the
implementation of the levels reporting that they need adjustments before use in
real projects9.

For level 1, tasks that have technical details might not affect the TDD flow. For
example, in level 2 the discrepancy of the data points that the deployment date
might not be that important for TDD practitioners, however it is for businesses,
regarding code coverage, practitioners disagreed that code coverage is the only

9 The feedback is available in the dataset as previously mentioned in this study.
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way of measuring the test code, further investigation is required to explore
alternatives to incorporate in the model.

In the next section, we present the follow up study that was done with experts
in the field of TDD to evaluate the model and its levels.

6 Evaluation by experts

This section outlines the process of validating the TDD maturity model framework
using expert judgment through a systematic feedback from practitioners.

6.1 Methodology

The primary objective of the research was to validate a comprehensive instru-
ment designed to evaluate the adoption of Test-Driven Development (TDD) in
professional settings. The validation process focuses on examining the degree
to which the instrument encompasses the relevant and representative elements
of the TDD practice [2]. To that end, the work by [18] [13] [25] was used as a
base for the methodology presented in this section using the content validity and
expert judgment.

6.2 Participants

The participants in this study are practitioners with experience in TDD applying
the practices in their daily work in different contexts. In total 10 practitioners
recorded their evaluation (out of 16 participants invited, 10 completed the
evaluation.), they were selected based on their experience and knowledge of TDD.
Most of participants have more than five years of experience in the industry and
have worked in different companies and projects applying TDD. The participants
were invited through, coderetreat Madrid (event in person), invited directly
through social media, invited by email (suggested by others participants in the
study) and invited from the Okiwi craft community.

6.3 Data Collection

The data collection was done exclusively via Google Docs, where the participants
were asked to evaluate the TDD maturity model1011. The participants were
constantly reminded through email to complete the evaluation.

10 The template used to collect the data is available at
https://docs.google.com/spreadsheets/d/1hyO-hSpnNzd8-_Zmad2J7tV-
T6Acb0sWf8Uapi8ZKhw

11 The detailed analysis is available for the community at https://marabesi.github.io/tdd-
maturity-model-artifacts
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6.4 Evaluation results

For each level shared with participants, it was asked about a general overview
of the model in four criteria, named: Clarity, Organization, Sufficiency and
Coherence. While the mean and median values indicate a generally positive
perception of the levels, the variability measures (SD and CV) reveal areas where
opinions are more divided, highlighting potential opportunities for refinement in
specific levels.

The mean ratings for clarity (Table 1) across all levels range from 3.5 to
3.9, with the median consistently at 4, indicating that participants generally
found the descriptions understandable. However, the highest SD (0.972) and CV
(27.77%) occur at Level 4, suggesting that clarity at this stage is inconsistently
perceived.

Level Std Dev CV Mean Median Min Max
1 0.699 19.42 % 3.6 4 2 4
2 0.316 8.11 % 3.9 4 3 4
3 0.316 8.11 % 3.9 4 3 4
4 0.972 27.77 % 3.5 4 1 4
5 0.483 13.06 % 3.7 4 3 4

Table 1. Clarity (if the level is formulated using appropriate language)

Based on the data provided by participants, two of them reported difficulties
in the measurements and practices that the level proposes. Leading to a decreased
clarity on the the items provided. In contrast, Levels 2 and 3 show the lowest SD
(0.316) and CV (8.11%), indicating a strong agreement among participants.

The organization (Table 2) criterion maintains relatively stable mean scores
between 3.6 and 3.9, with median values at 4. The highest variability is at Level
2 (SD = 0.699, CV = 19.42%).

Level Std Dev CV Mean Median Min Max
1 0.516 14.34 % 3.6 4 3 4
2 0.699 19.42 % 3.6 4 2 4
3 0.316 8.11 % 3.9 4 3 4
4 0.632 16.64 % 3.8 4 2 4
5 0.422 11.10 % 3.8 4 3 4

Table 2. Organization (there is a logical organization between the elements of the
level)

From the data gathered from participants point that the organization of the
model should support the learning of TDD on earlier stages, as it starts with
that in level, taking into account how it would impact later levels. In contrast,
Level 3 has the lowest SD (0.316) and CV (8.11%), indicating strong agreement.
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Sufficiency (Table 3) scores remain fairly stable across levels, with means
ranging from 3.5 to 3.8 and medians at 4, suggesting that participants largely
agree that the levels contain necessary elements.

Level Std Dev CV Mean Median Min Max
1 0.527 15.06 % 3.5 3.5 3 4
2 0.422 11.10 % 3.8 4 3 4
3 0.483 13.06 % 3.7 4 3 4
4 0.675 18.24 % 3.7 4 2 4
5 0.707 20.20 % 3.5 4 2 4

Table 3. Sufficiency (the level includes the necessary elements in terms of quantity and
quality)

However, Level 5 exhibits higher variability (SD = 0.707, CV = 20.20%). From
the data, a participant shared that from his perspective there is an expectation
that the model would drive towards other aspects of software development, such
as architecture.

The coherence (Table 4) criterion sees the most variation among responses,
with the lowest mean rating (3.2 at Level 5) and the highest CV (28.72%)
across all categories. The minimum score at Level 5 is 1, indicating that some
participants found it completely incoherent or misaligned with expectations.

Level Std Dev CV Mean Median Min Max
1 0.516 15.19 % 3.4 3 3 4
2 0.699 20.56 % 3.4 3.5 2 4
3 0.707 20.20 % 3.5 4 2 4
4 0.675 18.24 % 3.7 4 2 4
5 0.919 28.72 % 3.2 3 1 4

Table 4. Coherence (there is a relationship between the different elements that make
up the level)

Level 4 also shows moderate disagreement (SD = 0.675, CV = 18.24%),
though not as extreme as Level 5. From the data gathered a participant shared
that despite the uderstanding of the elements and how they are grouped, there is
a lack of showing how the elements communicate between each other and how
the progress among levels should work.

6.5 Discussion

The mean ratings for clarity ranged from 3.5 to 3.9, with a median consistently
at 4, indicating that participants generally found the descriptions understandable.
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However, Level 4 had the highest variability (SD = 0.972, CV = 27.77%),
suggesting that clarity at this level was more uncertain.

The mean ratings for organization were relatively stable across levels, with
means ranging from 3.5 to 3.8 and medians at 4, indicating that participants
largely agreed on the organization of each level. Level 3 had the lowest variability
(SD = 0.483, CV = 13.06%), suggesting strong agreement.

The mean ratings for sufficiency were generally stable across levels, with
means ranging from 3.5 to 3.8 and medians at 4, indicating that participants
largely agreed on the sufficiency of each level. Level 5 had higher variability (SD
= 0.707, CV = 20.20%), suggesting disagreement.

The mean ratings for coherence varied significantly across levels, with a low
mean rating at Level 5 (3.2) and high variability (SD = 0.919, CV = 28.72%).
This suggests that participants had differing opinions on the coherence of each
level, particularly at Level 5.

7 Conclusion

In this study, we presented two studies done with practitioners to validate a
maturity model for Test-Driven Development (TDD) adoption in professional
settings. The first study, was a preliminary evaluation with 11 practitioners, who
provided feedback on the model’s structure and in each level using a qualitative
approach with practitioners. The second, based on the existing literature for
expert jugdment went one step further to evaluate each area in four criteria
(clarity, organization, sufficiency and coherence) and each level in two criteria
(understandable and relevant) through a quantitative approach.

The results from them highlights both the potential and limitations of our
maturity model for TDD adoption. While participants generally found each
level understandable and organized (as reflected in the stable mean ratings for
clarity, organization, and sufficiency), there were significant variations in ratings
at certain levels, particularly Level 4 and Level 5.

At Level 4, variability in ratings for clarity was higher than expected, sug-
gesting that participants may have had differing opinions on what constitutes
effective TDD practices in a business context. This underscores the need to
further investigate and refine our model’s proposals about how businesses can
leverage TDD to drive code coverage and other key metrics.

At Level 5, the low mean rating for coherence and high variability suggest that
participants had differing opinions on how to effectively measure and evaluate
TDD adoption at this advanced level. This finding highlights the importance of
ongoing research to develop a more comprehensive and coherent understanding
of what it means to achieve TDD maturity in professional settings.

More broadly, our results underscore the need for continued refinement and
iteration on our maturity model. By acknowledging and addressing these limita-
tions, we can create a tool that is more effective at supporting practitioners as
they adopt and improve their TDD practices.
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