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// Test maturity model integration (TMMi)
is popular for the maturity assessment
and capability improvement of software
testing practices. We present a status
report for TMMi, including motivations and
benefits, and discuss how companies have
been ranked in its process areas. //

IN RESPONSE TO the growing de-
mand for software quality, various ini-
tiatives, models, and approaches have
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been presented in the software industry
since the 1980s. Examples include the
capability maturity model integration
(CMMI) model (https:/cmmiinstitute
.com) and the ISO/International

Electrotechnical Commission 15504
standard, also known as the software
process improvement and capability
determination (SPICE) model.

Over the past three decades, CMMI
adoption has gradually increased,
mostly for organizations working in
governmental and defense projects. Ac-
cording to the CMMI Institute (https://
cmmiinstitute.com/pars/) as of this
writing (December 2020), 9,650 com-
panies have received appraisals (certifi-
cations) for CMMI.

While studies have reported that
models, such as CMMI and SPICE,
could be useful in certain contexts,
their primary focus is process im-
provements in the “overall” software
development process. Such process
improvement models do not often
provide specific improvement rec-
ommendations for software testing.
For this reason, various models have
been developed for dedicated im-
provements of software testing prac-
tices. A 2018 survey article in IEEE
Software! reported a catalog of 58
models for test maturity and capabil-
ity improvements, e.g., test maturity
model integration (TMMi) (https://
WWW.tmmi.org).

In this article, the authors, one
of whom is from the TMMi Founda-
tion, provide a brief status report about
the trends of worldwide TMMi assess-
ments and certifications. Let us note
that the TMMi model has been in
existence since 2012, and, thus, the
article’s goal is certainly not to present
TMMi but to discuss how companies
have been ranked in each of the TMMi
process areas (PAs) as well as the
motivations for and benefits of using
TMMi. The data have been compiled
and prepared in an anonymous manner
from the internal assessments and certi-
fications database of the TMMi Foun-
dation. We start by presenting a brief
overview of TMMi.
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The roots of TMMi goes back to Gel-
perin and Hetzel’s evolutionary test-
ing model, published in 1988, and an
early test improvement model named
TMM.3 Seeing the need for a more fo-
cused test improvement model, several
test and quality experts (volunteers)
came together (mainly based in Eu-
rope) in 2005 and formed the TMMi
Foundation. The first version of the
TMMi specification (1.0)* was pre-
sented by the Foundation in 2012. The
latest version of specification, as of this
writing, is 1.25 (released in 2018).

The TMMi framework? is a guide-
line and reference framework for test
process improvement (TPI). TMMi
uses the concept of maturity levels
for process evaluation and improve-
ment. Furthermore, for each maturity
level, a set of PAs, goals, and practices
is identified. The Foundation is sup-
ported by the so-called TMMi local
chapters, which provide and organize
TMMi-based consulting services lo-
cally in their country/region. At the
time of this writing, 22 TMMi lo-
cal chapters are in existence, e.g., in
China, the United States, Spain, Brazil,
and France.

TMMi is aligned with interna-
tional testing standards and the
syllabi and terminology of the In-
ternational Software Testing Qualifi-
cations Board (ISTQB). The TMMi
Foundation has consciously not intro-
duced new or its own terminology but
reuses the ISTQB terminology. This is
an advantage for all test professionals
who are ISTQB certified (approxi-
mately 700,000 worldwide at the
time of this writing). With TMMi,
organizations can have their test
processes objectively evaluated by ac-
credited assessors. It is also possible
for test professionals and consultants
to be personally certified as a “TMMi
professional.”

Similar to CMMI, TMMi has a
“staged” scheme for test process as-
sessment and improvement. It contains
stages or levels through which an or-
ganization passes as its testing process
evolves from one that is ad hoc, also
called initial or unmmanaged (level one),
to one that is managed (level two),
defined (level three), measured (level
four), and optimized (level five).

Figure 1 shows the five maturity
levels of TMMI, their 16 PAs, and the
structure of TMMi as a metamodel.
Achievement of any level by a given
test team/organization requires that
all PAs of that level and the lower lev-
els have been satisfied.

In a hierarchical setting, each PA
has several specific goals (SGs), specific
practices (SPs), subpractices, generic
goals (GGs), and generic practices
(GPs). Across the five levels, there are,
in total, 50 SGs, 173 SPs, 845 sub-
practices, 32 GGs, and 192 GPs. De-
tails of those elements can be found
in the TMM i specification.’

For instance, maturity level two
(“managed”) has five PAs, e.g., PA 2.1
(test policy and strategy). This PA has
three SGs: SG 1 (establish a test pol-
icy), SG 2 (establish a test strategy),
and SG 3 (establish test performance
indicators). SG 1, in turn, has three
SPs, e.g., SP 1.1 (define test goals) and
SP 1.2 (define test policy).

A main underlying principle of TMMi
is that it is a “generic” model applicable
to various lifecycle models. The model
has been translated into several lan-
guages, e.g., Spanish, French, Portuguese,
and Chinese. Several experience reports
and case studies from industrial appli-
cations of TMMi have been published,
e.g., Garousi et al.,! van Veenendaal
et al.,® Rungi and Matulevidius,” and
Alone and Glocksien.

For instance, one publication”

re-
ported a single-object case study of TPI
using TMMi by an Estonian gaming

software company. The study empiri-
cally found that the comprehensive and
detailed documentation of the TMMi
framework in terms of the reference
model, assessment method, and data
submission requirements provided ade-
quate support in assessing and improv-
ing an organization.

In another study,® both TMMi and
TPI-Next were applied in the context
of a large Swedish company (Volvo IT).
The study found that, even though the
two models generally show strong sim-
ilarities, differences in the assessment
results are noticeable due to their dif-
ferent model representations. Mapping
and comparison of the assessment re-
sults indicated that the requirements of
the maturity levels in TMMi are much
stricter and more difficult to reach than
in TPI-Next.

Also, “the work examples in TMMi
give very detailed descriptions of the
testing process, which provides a good
guidance in conducting the assess-
ment.”8 Furthermore, the industrial
study found that, for the successful
application of both approaches, ex-
tended knowledge in software testing
is essential.

A logical question to explore is
about the motivations of companies to
assess and improve their processes using
TMMi. Maturity models that address
the entire software development life-
cycle, e.g., CMMI, provide only some
high-level assessment and improve-
ment criteria for software testing
and, thus, are of limited use for TPL

By surveying both the academic and
gray literature, a study! reported that,
in general, the three main drivers for
utilizing TPI models are the need for in-
creasing software quality, necessity to
decrease the cost of testing, and process
and operational requirements. A recent
survey performed by the TMMi Founda-
tion in 2020 (results are not published
yet) shows that the main reasons
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(motivations) for the adoption of TMMi  (efficiency), benchmark against an inter- As discussed earlier, there are more
are to enhance product quality, reduce  nationally used model, and increase the than 58 models for TPL! We were in-
product risk, increase testing productivity ~ prestige of testing teams. terested in objectively comparing the

Level Five: Optimization
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o Test Process Optimization
o Quality Control

Level Four: Measured
e Test Measurement

e Product Quality Evaluation
e Advanced Reviews

Level Three: Defined

e Test Organization * Nonfunctional Testing
e Test Training Program * Peer Reviews
e Test Lifecycle and Integration
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e Test Policy and Strategy e Test Design and Execution
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FIGURE 1. The (a) maturity levels of TMMi and their PAs and (b) structure of TMMi as a metamodel.
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industry diffusion/penetration of dif-
ferent models. However, there are
very limited data for this. In a survey
study,! which reviewed sources from
both industry and academia, 57 out of
the 181 sources used TMMi, whereas
18 used a model named TPI-Next.” In
the absence of objective statistics for
popularity of maturity models in in-

dustry, these numbers could serve as
popularity measures for TMMi and
TPI-Next.

While TMMi is an independent
model managed by the TMMi Foun-
dation, the TPI-Next model has been
developed by a software consulting

company. We compare TMMi and
TPI-Next in Table 1.

In terms of how TMMi compares with
other existing models, an earlier study’
discussed that TMMi and TPI-Next are
both “general-purpose” models for TPIs,
while there are “special-purpose” mod-
els, such as the unit test maturity model
and automated software testing maturity
model.! From the set of 58 models in this
area,! it is not really easy to identify the
most “promising” model from the point
of view of the completeness of evalua-
tions. Depending on its needs, a given
team/company would choose and apply
the right improvement model.

Table 1. A comparison of TMMi and TPI-Next.

Criteria TMMi TPI-Next
Representation Staged model Continuous model
Test levels All test levels (unit, integration, Focus on higher test levels (system and
system, user-acceptance user-acceptance testing)
testing)
Supported test Test-method independent Linked to TMap (https://tmap.net)
methodology
Terminology ISTQB based TMap based
Base SPI model Related to CMMI None
Certification Possible through formal None
assessment
200
5= 180 Informal Assessments
(0]
2= 160 Formal Assessments
T
5SS 140
O >
Q E 120 g 1
2C 100 74
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55 % 44
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FIGURE 2. The growing number of TMMi assessments and certifications since 2011.
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According to the internal certifications
database of the TMMi Foundation,
until the end of 2019, 187 companies
worldwide submitted assessment ap-
plications to the Foundation. Of these,
73 companies applied for “informal”
assessments, as their purpose was to
get “an indicative rather than formal
detailed maturity rating.”> On the
other hand, 114 companies applied for
“formal” assessments since their need
was to receive “a detailed assessment
and/or [they]| considered embark-
ing on a path to certification.” Out of
those, 111 certificates have been is-
sued. (The list can be found at https://
WWW.tmmi.org.)

All assessments are systematically
conducted by a team of certified TMMi
(lead) assessors. For assessments, in ad-
dition to the specification,® there
is another document named TMM:
Assessment Method Application Re-
quirements (TAMAR),'© which is used
to ensure rigor and consistency in
assessments. Figure 2 illustrates the
cumulative trend of TMMi assess-
ments between 2011 and 2019, which
shows an increasing interest in getting
TMMi assessments.

When analyzing the assessments
and certifications database, we were
interested in gaining insight into the
regions and countries that have had
highest and lowest representation in
TMMi assessments. In Figure 3, we
show those data. The United King-
dom, South Korea, and China are the
top three countries.

It is interesting that certain coun-
tries have had higher uptake rates.
In the United Kingdom, for example,
TMMi has been widely adopted in
governmental units, and there are
also media news articles!! about it.
This is partly due to the fact that the
Foundation has made more efforts to

IEEE SOFTWARE | WWW.COMPUTER.ORG/SOFTWARE | @l EEESOFTWARE

Authorized licensed use limited to: Queens University Belfast. Downloaded on February 25,2022 at 08:22:53 UTC from IEEE Xplore. Restrictions apply.



publicize the model in certain coun-
tries (due to the efforts of its members
and local chapters). We should add
that the Foundation started from the
United Kingdom initially.

Furthermore, we feel that the work
culture of certain countries (being “pro-
cess oriented”) and the large presence
of CMMI in some regions are other
factors impacting higher penetration of
TMMi in certain countries. Note that
some important [T-active countries are
still missing in Figure 3. It is expected
that this is soon to be changed. For ex-
ample, three TMM.i local chapters have
recently been established in Canada,
Italy, and Turkey. Others, such as Ger-
many and Russia, are in the process of
becoming a TMM i local chapter.

One way to make more sense of
these country data is to correlate them
with another metric in the Foundation’s
database, the locations (residence coun-
tries) of certified TMMi professionals.
TMMi professional is a certification
that is open to everyone with an inter-
est in TMMi. Holding the TMMi pro-
fessional certificate is a prerequisite to
becoming an accredited TMMi asses-
sor, the holders of which have the au-
thority to conduct TMMIi assessments.

Based on the compiled data, we
show in Figure 4 the scatterplot of
the number of TMMi professionals in
countries (as of the end of 2019) ver-
sus the number of assessed organiza-
tions in those countries. Note that,
for brevity, only countries with higher
representation in terms of both met-
rics are shown in this figure (at least
three in each metric). The Pearson cor-
relation coefficient of the two series is
0.51, denoting a moderate correlation.

Thus, we can say that, generally
speaking, the higher the number of
TMMi professionals in a country, the
greater the chance of having more as-
sessed organizations in that country.
This is indeed expected since, when

there are more TMMi professionals in
a country, they help increase the aware-
ness for TMMi and also encourage
more organizations to apply for assess-
ments and certifications.

We also see other various interest-
ing insights in the scatterplot of Fig-
ure 4; e.g., India has the third-largest
TMMi professional community but
ranks low in the number of TMMi-cer-
tified organizations. It could be that, in
certain countries, companies do not see
enough motivations/reasons to get cer-
tifications, e.g., if there is no enforce-
ment by governmental agencies, unlike

the case of United Kingdom discussed
earlier. There may be many profession-
als doing TMMi-related work, but for
some organizations, “just” achieving
benefits, e.g., in terms of software qual-
ity, is often sufficient, and they may not
go as far as getting the certification.

The other data in the certifications da-
tabase are the “grades” for each PA and
SG achieved by each applicant com-
pany or organizational unit. In Figure 5,
we show an “individual-value” plot
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FIGURE 3. The (a) countries (locations) of the organizations that have received TMMi
assessments and (b) number of assessed companies per country.
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including the “moving” averages (length
=10 index of data points) of the TMMi
levels achieved in all certifications (N =
111). We have also looked at the me-
dian and mean values for each year.

As we can see, the moving averages
mostly fluctuated between three and
four in the window of eight years. For
example, during the year 2011, eight

certificates were issued to companies
with rather low TMM.i levels (between
one and three).

Overall, we do not observe any
increasing trend in TMMi levels
achieved in the certifications over the
years. The main reason is that, in a
given year, any number of companies
with any level of maturity could have

@ 45
§ 40 ® United Kingdom
g 35 | @ South Korea
© 30
§ 25 ® China_|
§ 20 | @ Malaysia
% 15 7.United States
5 10 | ®Spain  ® France
-g 5 ,C.iermﬁny : ® |ndia
E Mexico |
0 50 100 150 200 250

Number of TMMi Professionals in Country

FIGURE 4. The country locations of TMMi professionals versus the number of

assessed organizations.
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FIGURE 5. The mean (average) and median of TMMi levels achieved by certifications
annually (N = 111). MAPE: mean absolute percent error; MSD: mean squared deviation;

MAD: mean absolute deviation.

applied and received certifications in
various levels. Also, the data set of
maturity levels is not for the same set
of companies over different years.

We also had detailed data for each
PA. Let us recall from Figure 1 that,
across the five levels of TMMi, there
are, in total, 16 PAs. We wondered if
there are any particular PAs in which
companies typically were more “chal-
lenged” to pass. We should mention
that, to rank the score of each PA for
a given applicant (company or team),
the TMMi TAMAR document!? pro-
vides a five-point rubric (scale):

1. fully achieved (or fully
implemented)

. largely achieved

. partially achieved

. not achieved

[ I SOV I S ]

. not reviewed.

This is similar to CMMI assessments.

Figure 6 shows a stack chart for
each of the 16 PAs and five scales of
the scores for the 114 companies that
applied for formal assessments. As we
can see, most PAs were scored as “fully
achieved” for most of the applicants.
Some PAs were “largely achieved.”
A small ratio was partially or not
achieved. For many of the applicants,
PAs in levels four and five were “not
reviewed” since, when submitting an
application, a company specifies the
level at which it is intending to have
the assessments done. Most of the ap-
plications targeted levels two or three,
and, thus, PAs in levels four and five
did not have to be assessed.

A maturity level may be rated as
“achieved” by the organization if all
PAs in scope have been rated as either
“largely achieved” or “fully achieved.”
Furthermore, a higher maturity level
cannot be achieved without the lower
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stages also being met. Thus, it is critical
that a given applicant company ensures
that it has the evidence/capability to
“largely” or “fully” achieve (satisfy) all
PAs of the level for which it intends to
get certified.

Back to our question of whether
there were any particular PAs in
which companies typically were more
challenged, we found that PA 2.5
(test environment) and PA 3.4 (non-
functional testing) have relatively
more “not achieved” scores com-
pared to other PAs. (This is visible
in Figure 6.) It seems that, for many
companies in the pool of assessments,
satisfying (meting) these two PAs is
often challenging.

For example, it could be that some
companies had not invested enough in
conducting nonfunctional testing and
setting up systematic test environments.
The former (nonfunctional testing) is of-
ten a specific expertise that needs more
resource investments by a team/company
and more difficult to become mature at
than, compared to other PAs. Thus, an
actionable insight for teams considering
applying for TMMi is to improve those
aspects in their teams, before making
their formal applications for TMMi.

his brief status report aimed
at providing insights into the
trends of worldwide TMMi

assessments and certifications as well
as a general picture of how companies
are ranked in TMMIi maturity levels. Of
course, there are several other important
issues related to TMMi that are worth
investigating, e.g., the impacts of a
TMMi certification on the quality of the
software developed by an organization.
Data from a recent survey per-
formed by the TMMi Foundation in
2020 (results are not published yet)
could shed some light on this impor-
tant question. Three TMMi level-three
companies, which participated in the
survey, self-reported defect detection
percentage (DDP) improvements of
10%, 20%, and 22% (17% on aver-
age). Let us remember that DDP is
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FIGURE 6. The score of each PA for the 114 companies that have undergone formal assessments.
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the number of defects found by a test
phase divided by the number found by
that test phase and any other means
afterward. Thus, this offers some evi-
dence of the impacts/benefits of TMMi
certifications for software teams.

Despite many software quality ini-
tiatives in the last several decades, the
software industry is still struggling to
deliver perfect (defect-free) software. It
has become apparent that, to achieve
better product quality, a higher level
of test maturity is required. As more
awareness is raised regarding the cost
of poor testing, e.g., by Britton et al.,!2
the industry is investing more resources
on software testing.

Companies are finding ways to un-
dertake testing by more effective and ef-
ficient approaches, often by conducting
TPIs. TMMi is one of the established
means to do so. When using TMMi, var-
ious benefits have been reported on both
product quality (test effectiveness) and
test efficiency,!? reduction in test-execu-
tion times, and increased DDP.

Since there are similarities between
TMMi and CMM], it is also impor-
tant to compare them. Starting in the
late 1980s, CMMI has become a popu-
lar model for SPI, with a large uptake
worldwide, mostly in the government
and defense sectors. The fact that CMMI
was initially required by the U.S. Depart-
ment of Defense helped enormously with
achieving its popularity. For the case of
TMM,i, such a driving force is slowly
happening. For example, the Malaysian
government issued a policy in 2018 that
a company can be assigned as an inde-
pendent verification and validation pro-
vider for public-sector information and
communications technology sector proj-
ects only if it is at TMMi level three or
above (https:/bit.ly/Malaysia TMMi).

Our analysis in this article showed
that, since starting TMMi assessments
in 2011, the number of annual assess-
ments has been between 15 and 30
companies each year. In 2019, there
was already a growth in the uptake of
TMMi (as depicted in Figure 2).

Another interesting recent develop-
ment (since 2017) for TMMi is prob-
ably the establishment of so-called
TMMi local chapters. A TMMi local
chapter ensures that TMMi profes-
sional training and assessment services
are available locally. Already, the suc-
cess from this approach is reflected in
the recent growth numbers.

Furthermore, the TMMIi Foundation
and ISTQB, the world-leading organiza-
tion for test certifications, entered into an
alliance in mid-2019 to further promote
the software testing profession together.
The alliance aims to bring together the
people (ISTQB) and process (TMMi)
aspects of testing. Based on these de-
velopments, we forecast more TMMi
“uptake” in the coming years as more
companies see the benefits of TMMi. @
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