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ABSTRACT This paper presents action research to analyze an approach for assessment of the alleged agile
transformation. This approach was implemented at AK Bars Digital Technologies, an IT spin-off of one of
the largest banks in Russia using the Scaled Agile Framework. The approach is based on the Goal-Question-
Metric approach, non-invasive measurement collection, and systemic analysis. It uses data from several
different sources, including interviews, code repositories, user ratings in the play stores, and templates for
agile assessment. The effectiveness of the approach is subjectively validated by the adoption of the proposed
recommendations by the banks’ senior management. Details are provided on the approach, the required
effort from the side of both those assessing and of the people being assessed and the results. The final part
of the paper is devoted to the discussion of its generalizability and the plan for future experimentation and
refinement.

INDEX TERMS Action research, systemic analysis, assessment, agility, software development, software
professionals, measurement.

I. INTRODUCTION
Agile development was introduced around two decades ago.
Nowadays more and more companies are claiming to success-
fully adopt this approach, making it a mainstream [1], [2], [3].
In fact, most companies are still exhibiting a “traditional”
plan-based approach superficially implementing an agile
methodology [4]. Some studies indicate that “pretending” to
be agile is common at the organizational level (in 59% of the
cases [5]) and at the team level (in 35% of the cases [6]).
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Implementing agile methodology in large enterprises
can be challenging because of mature cultures, complex
infrastructures, inconsistent outdated practices and processes
across teams, etc. [1]. For this reason, companies’ managers
often resort to ““experts’” or have assessments performed by
independent entities [7], [8], [9].

The assessment of any software development process is
a wicked problem, because there is no objective criteria of
“goodness” or “correctness’ of a particular process. In gen-
eral, one can claim the process implementation effective
when it yields the expected result [10]. Some researchers
define the effectiveness of a development process as the
ability to produce software with desired functionality and
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quality in time [11]. In this paper we define and assess the
overall efficiency as the conformity of the actual process
with its design. It requires an analysis of the overall culture
of an organization and the mindset of its stakeholders and
employees, and how such culture and mindsets are translated
in the principles guiding software development, and then
to the daily practices [12]. There are several approaches to
assess agile frameworks and their implementation:

o checklists,

« adoption models,

o transformation models, and

o frameworks’ analyses tools.

Checklists are used to to determine the presence or
absence of some practices without deep analysis of under-
lying principles. They are adequate for the personal
self-assessment and team’s brainstorming while doing ret-
rospectives [13], [14], [15]. They are inadequate, however,
for a comprehensive analysis at the overall organizational
level [16]. Also, checklists are usually tailored to specific
agile methods and are hard to generalize.

Adoption models are step-by-step approaches to verify the
presence of specific agile practices and guide efforts towards
their implementation. These models ignore the overall big
picture of the company, which is both their strength and
weakness [17], [18], [19], [20], [21], [22]. It is their strength
because they are quite simple. Since they focus on individual
practices, they can be used across agile methods. It is their
weakness as agility is not just a set of practices but a compre-
hensive and pervasive model of organization [23].

Transformation models do not only focus on agile
practices, but also consider agile values, principles, and
interrelations between them in the organization. This assess-
ment is more complex than the previous one, and so far
only few approaches exist, such as the Comparative Agility
Framework, which compares the agility of a company with
other agile organizations [24]. Another model, Integral Agile
Transformation Framework [25], provides an exhaustive
analysis of a company by assessing it from four different
perspectives: mindset of leaders, organizational culture, prac-
tices and competencies, and organizational architecture. This
model helps to evaluate the true level of agility but requires
full support and involvement of the top management in the
analysis process.

Frameworks’ analysis tools [16], [26] are not related
to the assessment of agile framework implementations, i.e.
real case studies. Their aim is to examine the framework
itself, its compliance with agile values and principles and the
effectiveness in terms of meeting the expected outcomes [23].

The problem addressed in our study is inadequacy of
the existing approaches due to their strong reliance on the
interviews as the primary (and in most cases only) source
of information. Interviews may indeed provide a substantial
amount of information, however, they require a reasonable
number of subjects. In order to avoid issues, the interviews are
need to be conducted by professionals because respondents
tend to provide biased answers based on their expectations
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of the outcome of a questionnaire [27], [28]. Therefore, it is
advisable to complement interviews with other approaches as
demonstrated in [7] and [9].

In the past, we drafted a possible approach to such assess-
ment for small operations based on the GQM (Goal, Ques-
tion, Metrics) model and systemic theory [7]. In this paper,
we present a refined approach suitable for large companies
and we analyze its implementation on the IT spin-off of a
bank in the form of an action research [29].

Altogether, the key contribution (i.e., novelty) of our work
is as follows:

« it proposes an approach to assess the effectiveness of an
agile process in use in a large organization,

« it experiments the approach on a real industrial case and
validates its results with the followup actions undertaken
by the analysed organization.

This paper is organized as follows. In Section II we pro-
vide a brief overview of Scaled Agile Framework (SAFe)
for those not familiar with it, we detail the context of the
assessment, including the history of the company where
the assessment was run, AK Bars Digital Technologies, and
the rationale for the assessment. In Section III we describe the
methodology of the assessment, which is based on systemic
analysis and a connected GQM model. The GQM modelling
itself is presented in Section IV. The the procedure and results
of the assessment, specifying the outcomes of each stage,
tools, and methods applied, are described in Section V and
Section VI consecutively. The final stage of the assessment—
systemic analysis—is described in Section VII. The results of
the assessment are summarized in Section VIII. In Section IX
we analyze the effectiveness and quality of the assessment,
giving some additional remarks on the validity of the overall
research in Section X. Eventually, in Section XI we draw
conclusions and outline the future research.

Il. BACKGROUND

A. BRIEF OVERVIEW OF SAFe

This section provides a short introduction to SAFe. It is based
on the set of principles, mindset and four core values: align-
ment, built-in quality, transparency and program execution.
The implementation of this framework is based on the seven
core competences [30]:

Team and Technical Agility describes critical skills and
Lean-Agile principles and practices for Agile teams
to create high-quality solutions.

Agile Product Delivery defines an approach to build and
release a continuous flow of valuable products.

Enterprise Solution Delivery describes how to apply
Agile principles and practices to develop large
sophisticated software and cyber-physical systems.

Lean Portfolio Management aligns company’s strategy
and execution by applying systems thinking.

Organizational Agility allows the company to change
quickly in order to respond to marketing challenges
and opportunities.
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Continuous Learning Culture describes values and prac-
tices that encourage individuals to continually
increase knowledge, competence, performance, and
innovation.

Lean-Agile Leadership helps leaders develop leaners’
ways of thinking and operating so that team mem-
bers learn from their example, mentoring and
support.

SAFe targets the whole software development process,
organizing it into four levels (Figure 1): a) team, b) program,
¢) stream, and d) portfolio.

The team level is where the actual development takes
place. At this level SAFe adopts the same roles as Scrum:
Product Owner, Scrum Master, and Developers [31].

The program level integrates the different teams, who
release their work incrementally in 8-12 weeks long sprints
with the metaphor of the train. This level introduces addi-
tional roles:

Product Management provide guidelines to all the prod-
uct owners working for individual teams.

Release Train Engineer acts like chief impediment
officer for all the teams in the Agile Release
Train (ART).

System Architect who defines, communicates and shares
an architectural and technical vision for a compre-
hensive release.

Business Owner is the key stakeholder who has the
primary business and technical responsibility for a
comprehensive release.

System Team assists in building and supporting the pro-
cess of continuously delivering releases.

§ Epic Owner
<]

‘ Enterprise Architect ‘

Portfolio

ﬁ Solution Management

Stream
level

‘ Solution Architect ‘(—)‘ Solution Train Engineer ‘

‘ Product Management ‘ ‘ System Team ‘

Program
level

‘ Release Train Engineer ‘ ‘ System Architect ‘

Business Owner

Product Owner

FIGURE 1. SAFe frawemork.

Development Team

The stream level handles the management of self-standing
products or product families, using traditional software
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engineering jargon. Thus, self-standing products or prod-
uct families are called ““solutions’ emphasizing the alleged
customer-centric approach of SAFe. This level also includes
the following roles:

Solution Management defines the vision and the roadmap
for each solution.

Solution Architect is responsible for the overall architec-
ture of each solution.

Solution Train Engineer synchronizes all releases com-
ing from the teams in single value streams for the
customers.

The portfolio level is where the general strategy of
the company takes place by coordinating value streams. The
strategy centered on the concept of “epic.” It includes the
development and the deployment of one or more self-standing
products or of a product line and generates a tangible eco-
nomic value for the organization. To elaborate and finalize
the portfolio, this level also features the following roles:

Epic Owner defines the overall view for the epic.

Enterprise Architect designs the overall architecture
across streams, to maximize the overall economic
value of the company [32].

Undoubtedly, SAFe and all scaled agile approaches are
complex and time-consuming to implement. This complexity
could be confirmed by existing anecdotal evidence [33], [34],
[35] and by a Gartner survey, which shows that only 30% of
124 companies have considered SAFe for their operations.
Out of these 30%, more than 12% of companies have already
abandoned this framework. The other methods show similar
or worse performances [3]. Furthermore, existing empirical
analyses evidence that their main challenges include [36]
and [37]:

« the lack of autonomy at the team level,

« difficulty in finding effective product owners,

« resistance to changing the development culture and to

adapting to new roles, and

« integration with teams that have not yet transitioned to

SAFe and are still using the traditional development

methods.
The first two challenges refer specifically to SAFe and scaled
agile approaches, while the rest can exist in the transition to
any methodology. In some cases the problem does not lie in
a particular agile method to adopt, but in the lack of effective
control over the transition process [38], [39], which hinders
the desired improvement [40].

The perceived lack of autonomy and the complexity of
finding people matching the role of a product owner are top-
ical issues which should be taken into careful consideration
during our assessment.

Nevertheless, SAFe looks attractive for companies’ senior
management because firstly this framework covers the whole
operations—from business to technical. Secondly, it stan-
dardizes planning and execution process synchronization
between many agile development teams offering a compre-
hensive and strategic view of a company [41]. Moreover,
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SAFe can be introduced quickly without changing the com-
pany’s structure, being a compromise between agility and
vertical organizational structure.

B. AK BARS DIGITAL TECHNOLOGIES (ABDT)

AK Bars is one of the leading banks in the Republic of
Tatarstan. It is ranked in the top 20 banks of Russia in terms
of assets and the top 10 digital banks of Russia according to
evaluation done by the Skolkovo and VR_Bank rankings.

AK Bars Digital Technologies (ABDT) opened in Fall
2016 was given a task of developing and managing 6 main
projects tightly integrated with the Bank’s business [42]:

e OK.NET - a proprietary digital banking platform that

provides a unified API for personal finance applications;

o BankOK mobile wallet and AK Bars Online — the online
services based on OK.NET platform. Web and mobile
services applications are also developed in ABDT;

o Ak Bars Connect — a service for direct sales that imple-
ments the concept of “Bank goes to business”;

o Aimee — a solution for the automation of the Bank’s
contact center. Artificial intelligence module allows the
operator to quickly find the right answer or answer
independently in the chat bot mode;

e akbars.ru-anupdated website of the Bank based on
a proprietary content management system;

o Akbars 365 - a marketplace of non-banking services.

The company has developed its own alleged agile process,
which includes prototyping user interfaces, software devel-
opment, and the diffusion of the finished products.

ABDT is supervised by the Director of the Strategic
Development of Ak Bars Bank. The company has 12 prod-
ucts and 2 service teams, tightly integrated with the Bank’s
business [42].

The reasons for the assessment were:

« aligning the activities of ADBT with the core business

of the bank, also providing suitable metrics of success,

« responding effectively to the requests arising from the
customers and from the variety of federal regulations,

« integrating better products developed by subcontractors
who do not using agile methods, and

« increasing the satisfaction of those employees who were
accustomed to non-agile approaches.

Consequently, the following questions were asked:

o Is SAFe implemented correctly?

¢ Does it fully respond to the needs of ABDT and Ak Bars
Bank?

o What are the main causes of complaints from the end
customers?

o What actions should be taken to improve the processes
in ABDT?

ill. METHODOLOGY OF THE ASSESSMENT

This investigation is based on the paradigm of the action
research as applied in Software Engineering [43]. Action
research is typically based on two phases [44]: a) situation B)
assessment, ¢) program intervention. This case is peculiar as
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the “program intervention™ is the execution of an assessment
with a specific approach, a refinement of the one proposed
in [7]. Our approach is built on a) the paradigm of systemic
analysis, and b) GQM as the tool to derive both quantitative
and qualitative measures.

In the following paragraph we shortly introduce the GQM
and systemic analysis for those readers not yet familiar with
this approach.

Systemic analysis is a method coming from anthropol-
ogy, psychology, and sociology. It provides a comprehensive
perspective on a person and on the organization based on
the internal and external relationships in place [45]. The
systemic analysis assumes that an organization cannot be
simply decomposed on its components and tries to determine
the presence of incoherence between the components and
the whole [46]. A special kind of incoherence is the ‘“‘schis-
mogenesis,” which occurs when the organization promotes
a behavior or a key performance indicator that makes it
divergent in its goals from the organization. The more this
component aims at achieving such key performance indica-
tor, the more, in a positive feedback loop, such behavior is
promoted by the organization and the more this divergence
becomes significant.

GQM (Goal, Question, Metrics) [47] is a framework orig-
inally thought to define measures of software systems, which
has then become a de-facto standard to define corporate goals
and measures to verify the achievements of such goals [7],
[48], [49], [50]. The framework is organized at three levels.
The conceptual level defines the goal of a research (prod-
ucts, processes, or resources) and the reason for its study.
The operational level defines the questions that characterize
various aspects of the measurement object. The quantitative
level defines a set of measurements that can be used to answer
the questions.

To continue with the assessment methodology, the proce-
dure consists of the following steps:

1) Conducting the discussion with an organization.
By inviting its key stakeholders ““on board,” we make
them fully aware of the steps we are taking. Applying
systemic analysis requires active and open participation
of key stakeholders, as it involves time, effort, and
mindfulness [51].

2) Designing the GQM model for the assessment involv-
ing the key stakeholders again and having them agree-
ing with it. In particular:

o Defining the goals of the investigation with the
stakeholders and formulating the fundamental
working hypothesis.

« Identifying the core questions and metrics, taking
into account the available data. On the one hand,
metrics are intended to understand how different
people perceive at different levels in the organiza-
tion, how the company is operating and whether
their goals and the goals of the organization are
aligned. On the other hand, metrics are intended
to collect objective facts about the company’s
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operations that back the discussion coming from
the individual interviews, grounding them to the
reality, as it is recommended in systemic theory
and in critical system heuristics [52].

o As a reference, we use common agile metrics,
such as velocity, cycle time, fixed bugs, and
SO on.

3) Implementing quantitative analysis which includes:

o The collection of the metrics. The fact that we
collect and analyze the data about the company’s
operations non-invasively in order to obtain unbi-
ased results and ensure integrity of the data should
be taken into account [53], [54]. The concrete set
of metrics to extract has been already defined via
the GQM, as discussed above.

o The analysis of preliminary results to understand if
these collected metrics provide the results aligned
with the GQM and whether there are any problems
with the non-invasive approach to pave the ground
for the followup systemic analysis.

4) Implementing qualitative analysis which includes:

o The elaboration of the interview script based on
the GQM and recommended standards for open
interviews [55], [56].

o The interviewing process should be organized in
a way to minimize the risk of a researcher or
respondents’ bias [57], [58], [59]. In addition, the
investigator triangulation technique is obligatory
for interviewing process to ensure the validity of
the process [60].

e The results analysis implementing the tools
selected during the GQM modeling stage.

5) Implementing systemic analysis. At this step we
determine the incoherence between components of an
organization, by comparing results of quantitative and
qualitative analyses with officially declared strategy,
vision and culture of the company, paying a special
attention to incoherence being ‘‘schismogenesis’.

On the one hand, systemic analysis aims at confirming
or rejecting the preliminary results, on the other hand,
it aims at defining the alignment of individual company
members with the goals of the company, especially
with the numeric values coming from metrics associ-
ated with goals.

At this stage we finalize the results making final deter-
minations and providing feedback to the organization
who requested this assessment.

All the data were collected approximately in the
three-month cycle during which ABDT did not have any
substantial changes in its operation. In this sense, we can
consider the data homogeneous and reliable.

IV. GQM MODEL DEVELOPMENT

Before the active assessment phase, preliminary meetings
with the head of ABDT and the top management of Ak Bars
Bank had been conducted. This step was crucial in terms of
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schedule coordination and setting time, scope, and resource
constraints of the assessment. The tangible output of this
stage was the conceptual level of the GQM model elaborated
together with senior managers of the bank. It resulted in the
following goals:

o To assess the software development process in ABDT
company

o To assess the quality of the BankOK and AK Bars
Online 3.0 products

We shaped the following questions out of the goals:

« How can we compare the running software development
process against SAFe framework?

« How can we verify the agility at the team and organiza-
tional levels?

« What are the available process and product artifacts?

« What does “product quality” mean for ABDT’s primary
stakeholders?

« How different is the current quality in comparison with
the previous, before the introduction of SAFe?

o Are existing measurements adequate to describe fully
the processes and the products of ABDT?

To clarify the operational level of the GQM model and
understand which metrics are available at the quantitative
level, we requested the following data from ABDT:

o current organizational structure and its evolution dur-
ing the last two years, including personnel holding key
positions,

« current processes formally in place and associated offi-
cial documents,

« repositories of (some of these repositories could be
combined): code (also legacy), issues (tracker), cus-
tomer complaints, user stories, budget and its allocation,
resources,

« recent and planned (or expected) decisions of the key
stakeholders,

« analogous information from contractors providing code,
if it exists,

« current reference metrics: which metrics, what is their
usage, how metrics are collected, stored or aggregated,
who makes a decision about metrics.

Finally, we developed a comprehensive GQM model for

the ABDT assessment project considering the initial request
and available data (Figure 2).

V. QUANTITATIVE ANALYSIS

To answer the product-centered questions of the GQM
model (questions 4 and 5), we collected data from the
repositories and performed its quantitative analysis. Records
from the issue tracker, as well as customers’ rankings
in App Store and Google Play allowed evaluating soft-
ware qualities: efficiency, usability, reliability, and func-
tional suitability. Moreover, data from a project management
information system contributes to the analysis of the pro-
cesses with respect to teams’ productivity and development
pace [8].
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Assessment of the software
development process
in ABDT company

Assessment of the quality
of the Bank.OK and AK
Bars Online 3.0 products

1. How can we
compare the
running software
development
process against
SAFe framework?

2. -How can we 3. What are
verify the agility
at the team and

organizational

levels

the available
process and
product artefacts?

5. How different is 6. Are existing
4. What does the current quality measurements
“product in comparison with adequate to
quality” mean for the previous, describe fully the
ABDT’s primary before the processes and
stakeholders? introduction the products
of SAFe? of ABDT?

e

X )
B.u.smess Agile Maturity Interviewee Teams Issue tracker’s GooglePlay and
Agility Self- Matrix responds analysis performance analysis AppStore analysis
Assessment tool analysis
. . s . .
« Values by core « Agile maturity at . Tcams7 VClO(?lt).’ e Cumulative number o Mean app rate by
4 team level by areas e Teams’ prediction of defects releases
competencies . . . P
o Agile maturity accuracy o Average difference e App rate distribu-
at team level by between found and tion by releases

practices

« Agile maturity at
organization level by
practices

FIGURE 2. GQM model for the assessment.

e

FIGURE 4. The average value of the difference between found and
resolved bugs.

A. DATA COLLECTION

The data from issue trackers featuring the bug density is
shown in Figures 3 to 4. We relied on these metrics as primary
indicators of the software quality according to the developed
GQM model.

As we already mentioned, user ratings at App Store and
Google Play were considered as one of the criteria for product
quality assessment. Figure 5 represents a summary of the
ratings of the different app versions (the ““stars”).

The teams applied story points during sprint planning as
a common approach for effort estimation. The teams visu-
alized planned sprint activities both virtually, in information
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resolved defects

v

N1 N2 N3 N4 N5 N6 N7 N8 N9 N1O N11 N12 N13 N14

FIGURE 5. Analysis of mobile application rating. The thin (black) bars
represent the discrete values of the stars, the thicker (blue) bar is the
mean, and the (red) plus sign is the median.

systems (typically, Confluence [61]), and physically in
“information radiators”. Such ‘“‘information radiators” as
Kanban boards and task boards were implemented for each
team and for the value stream in general. To assess the team’s
performance, we processed the data from the project man-
agement system. The indicators we selected to demonstrate
the effectiveness and maturity of the teams were velocity
(Figure 7) and prediction accuracy (Figure 6).

Thus, during the quantitative analysis, we examined com-
mon agile metrics, complementing them with customer sat-
isfaction analysis. This data provided us with insights into
the health of ABDT’s processes and the current state of agile
transformation.

B. DISCUSSION
We concluded that the difference between the number of dis-
covered and fixed bugs was growing until 2018. Since 2019,
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FIGURE 7. Teams’ velocity.

when the SAFe framework was introduced, the situation has
improved significantly, as shown in Figure 4. The parameter
deriv_d indicates the average difference between the number
of new and fixed bugs in the range of two weeks (standard
sprint length). Until 2018, the bugs were fixed after their mass
detection. It led to the presence of a larger number of open
and not resolved bugs in the code. Starting from 2019, the
detection and resolving of bugs has not led to a dramatic
increase in their number. It is worth mentioning that the
analysis does not take into account the priority of bugs.
Considering the users’ feedback, we concluded that the
overall quality of the products has been improving since
the introduction of SAFe framework in ABDT and currently
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they fulfill high standards for usability and reliability. The
mean rating has moved from 3,29 to 4.60—statistically sig-
nificant at « = 0.05 as evaluated using the non-parametric
Mann-Whitney U test [62]. The median has been bumped
from 4 to 5—statistically significant at « = 0.05 as evaluated
using the non-parametric Kruskal-Wallis test [63]. We have
then analyzed the data with the Kolmogorov-Smirnov statis-
tics [64], which assumes a value of 0.37 (rounded to the
second decimal), statistically significant at the 0.05 level
(actually, with a p-value less than 10~70),

While analyzing the teams’ dynamics, the accuracy of the
planning was expected to be increased due to process con-
tinuous improvement, team maturity, and scope clarification.
The acceptable variability, according to the Cone of uncer-
tainty model [65], [66], lies in a range from 75% to 120%
after several sprints. In the given case study, the accuracy is
unstable for every team but fourth, which demonstrates 100%
accuracy for the last 3 sprints (Figure 6). For the analyzed
period of time, most teams were in the so-called ‘“Wormhole
of Uncertainty”: the level of accuracy did not increase over
time because of late discovered bugs or emergent require-
ments [67].

The indicator of well-established processes in the organi-
zation is stable team velocity with the tendency of a slight
increase due to implementation of the continuous improve-
ment principle. The fluctuation of the completed scope
(Figure 7) may indicate at either poor planning with a strong
commitment to the Definition of Done or scope creep and task
switching due to the emergence of new critical tasks, assigned
to the teams from above.

C. OUTCOME OF QUANTITATIVE ANALYSIS

After conducting the quantitative analysis, we came up with
the following hypothesis about the development process
in ABDT.

o The company is at the early stage of transition towards
SAFe, its processes immature both at teams and value
stream levels.

o The teams have limited authority over requirements
management.

o The quality of the products is increasing in terms of
general usage scenarios.

o The quality of the products is insufficient for newly
added features and uncommon usage scenarios.

« Communication between business and development is
low.

VI. QUALITATIVE ANALYSIS

We conducted a number of in-depth interviews with devel-
opers and managers, similar to previous experience [7]; how-
ever, this time we enriched the process by taking advantage
of the Business Agility Self-Assessment tool [21] and Agile
Maturity Matrices [68], which are well-known approaches
easy to be accepted by the company. Two assessment tools
used simultaneously allowed checking the organization’s
business agility both through the lens of SAFe framework
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TABLE 1. Characteristics of the interviewing process.

People inter- | 15

viewed

Length of in- | from 40 minutes to 1 hour and 15 minutes

terviews

Average 50 minutes

length of

interview

Interviewees’ | PO, SM/RTE, Architect, developer,

positions UX/UI designer, QA engineer, AppSec
engineer, DevOps engineer, business
owner, director

and against the general agile values and principles. In other
words, we observed the agility level of ABDT at micro and
macro levels.

The interviews were conducted by two researchers at a
time. They were done in-person recorded with the permission
of the subject and then the result was processed and sent
back for verification. The information about the interviewing
process is summarized in Table 1.

We tried to access those participants who were both play-
ing key roles in different company positions and aware of
the dynamics in place, from the team to top management
level [69]. Overall, we interviewed 11 employees of ABDT
(development teams’ members, system architects, DevOps
specialists, product owners, and RTEs) and four employees
of AK Bars bank (top managers, business owners). Then we
processed the answers to match them to specific categories of
the tools mentioned. To avoid biased responses, the script of
the interview did not provide one-to-one matching between
questions and tools’ practice areas; however, there was a
strong interconnection between them.

It should also be noted that all ABDT employees have
been trained in the basics of SAFe as part of the SAFe
transformation. Therefore, it is expected that they are familiar
with the terms, concepts, and ideas that form this framework
prior to the interview.

A. ADHERENCE TO SAFe
During interviews, we analyzed employees’ perception of
ABDT’s adherence to the SAFe framework. From the inter-
viewees’ responses, we extracted the descriptors of key SAFe
principles according to Business Agility Self-Assessment
tool. Then we evaluated the implementation level of each
principle, thus obtaining scores for the SAFe practice areas:

o TTA—Team and Technical Agility,

o APD—Agile Product Delivery,

o ESD—Enterprise Solution Delivery,

o LPM—Lean Portfolio Management,

o LAL—Lean-Agile Leadership,

o OA—Organizational Agility, and

o CLC—Continuous Learning Culture.

The overall adherence to SAFe practice areas is shown in
Figure 8. The comprehensive exploration of the evaluation in
each area is provided in Figure 9.
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The results of this analysis show moderate maturity of the
mechanical adoption of the prescribed practices (TTA and
APD areas), and the growth of the learning culture within the
organization (CLC area). On the other hand, low scores of
management and leadership behaviors (LPM and LAL areas)
may indicate a violation of the agile values and principles.
For the sake of a thorough analysis of this inconsistency,
we performed the additional assessment of the processes’
agility at organizational and team levels.

B. ANALYSIS OF AGILE MATURITY AT THE TEAM LEVEL
Alongside with the assessment of adherence to SAFe, we per-
form the overall agility assessment, regardless of the specific
framework. The high-level summary analysis at the teams’
level is given in Figure 10.

The analysis of the agile maturity by areas shows a sustain-
able and stable implementation of agile practices and princi-
ples in all dimensions but one—product. Detailed analysis of
key processes and cultural characteristics by areas for teams’
level is given in Figure 11.

In the following, we discuss each area in detail.

1) TEAM DYNAMICS

This area characterizes how well team members understand
and adhere to the agile methodology; their motivation to work
precisely on the tasks given, adherence to the rules and stable
work at a given pace. Based on the analysis, the following
conclusions can be drawn:

o Teams exist in the current composition from 6 months
to 1.5 years, being at norming or performing stages of
Tackman’s scale.

o The majority of the teams follow the mechanics of the
SAFe; there is a steady positive dynamic of its imple-
mentation. Nevertheless, agile is not yet implemented as
a holistic approach.

o Teams share the adopted regulations and principles,
while some team members may ignore individual reg-
ulatory procedures and generally do not have sufficient
motivation to implement and support the SAFe.

2) TEAM ENVIRONMENT
Team environment indicates the level of commitment of team
members; the quality of the team’s structure in terms of its
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FIGURE 9. Detailed analysis of the compliance with SAFe framework.

consistency and availability of necessary competencies; the
authority level of a team as well as the existence of barriers
and interference. Based on the analysis, the following conclu-
sions can be drawn:

o Teams work in a common open workspace, which favor-
ably affects their effectiveness and provides osmotic
communication.

o The process of identifying and resolving dependencies
between teams at the level of quarterly planning has been
built, while the situational identification of dependencies
and risks is not carried out explicitly.

« Roles in the team are clearly distributed, competencies
do not overlap (I-shaped specialists). Working environ-
ment do not support the formation of cross-functional
teams, which increase dependencies and overall
risks.

o There is a personnel shortage, which hinders the imple-
mentation of some key practices like peer review. The
problem is solved by informally combining competen-
cies into tribes, which should be regulated.

o Teams do not have a sufficient level of authority to make
decisions on a product development strategy.
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FIGURE 10. Analysis of the agile maturity at the team level by areas. The
scale indicates the following levels of maturity: 0 - Impeded, 1 - In
Transition, 2 - Sustainable, 3 - Agile, 4 - Ideal.

3) PRODUCT

Product is a factor indicating team performance, time from
idea to its implementation. We analyzed a working product
management strategy at a team’s level and assessed how all
team members visualize the product [70]. This area covers
aspects of the requirements engineering process by analyzing
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FIGURE 11. Assessment of the agile maturity at the teams’ level.

the implementation of the user stories, ““‘Definition of Ready”’
and “Definition of Done” concepts. The following conclu-
sions can be drawn:

o There is no common understanding of terminology both
within teams and between teams and stakeholders.

o The main metric for assessing the effectiveness of teams
is the performance per iteration (velocity), the cycle time
metric is used by a limited number of teams.

o Teams do not have control over a number of assigned key
performance indicators (KPI), which negatively affects
their morale [71].

4) AGILE PROCESS MECHANICS

The mechanics of the process is a factor that indicates the
alignment with the common agile events like planning, syn-
chronization, review, and retrospective meetings. The format
of the progress tracking is also considered in this area. Based
on the analysis, it can be concluded that most team members
understand the benefits of the agile process mechanics and
follow them on the regular basis.
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5) AGILE ENGINEERING PRACTICES

Engineering practices are a factor that indicates the maturity
of design and programming culture and CI\CD processes
automation. Based on the analysis, the following conclusions
can be drawn:

o The refactoring process is the cultural norm of the orga-
nization; additional activities to improve product quality
have been introduced.

« Introduction of the so-called “Feature Freeze” activ-
ity for exhaustive testing and refactoring indicates the
improper usage of Definition of Done and the absence
of test-driven development.

« Due to the narrow specialization of team members, peer
review and team review have been reduced within teams.

C. ANALYSIS OF AGILE MATURITY AT THE
ORGANIZATIONAL LEVEL

Analysis of the organizational agility gave us the following
characteristics of ABDT structure (Figure 12):

VOLUME 11, 2023



M. Gogichaty et al.: Systemic Approach to Evaluating the Organizational Agility in Large-Scale Companies

IEEE Access

1) ORGANIZATIONAL STRUCTURE

Top management of ABDT understands that building a pro-
cess around products, teams, and delivery is more effective;
however, there is a hierarchical functional vertical at the
moment.

2) FUNDING

The budget is formed on an annual basis for the whole
stream, but there is no correlation between the funding and
the formation of teams within streams. A comprehensive
statement of work with detailed estimates required prior to
funding, and project success depends on fully implementing
all requirements.

3) PROJECTS IN PROGRESS

Top management performs the project’s prioritization annu-
ally during funding sessions. An intake process has been
established to determine the project alignment with goals.
There is no clear understanding of how many projects can
be in progress at a time.

4) METRICS

Technical and business metrics are not properly correlated;
moreover, business metrics are not detailed enough and prod-
uct metrics are based on high-level increments (epic stories)
that do not provide an accurate evaluation of the current
progress.

5) COMPENSATION

Contrary to agile values, teams cannot influence the perfor-
mance of some KPIs and perceive them as an inequitable
penalty.

6) IMPEDIMENTS
Dependencies are proactively recognized during the program
increment planning sessions and actively resolved by teams
within the stream.

7) TOOLS AND TECHNOLOGY

Teams implement both high-tech (JIRA, Confluence) and
high-touch (task boards, stickers) tools as information radi-
ators. However, they are used in a limited format, a culture
of the proper tools usage in the agile environment is being
implemented.

8) AGILE ADAPTION TRACKING

The main metric for evaluating the effectiveness of imple-
menting agile processes is Time to Market. The benefits
of the transition towards the SAFe are not obvious for the
management of the company.

9) AGILE ADOPTION GUIDING COALITION
ABDT has implemented steps 1-3 of the John Cotter change
model [72].
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10) MANAGEMENT OF AGILE TEAMS

Teams are managed as functional units, not product ones.
Product decisions are often forwarded by different stakehold-
ers in a directive manner, bypassing the product owner. Self-
organization is not encouraged.

11) BUSINESS/DEVELOPMENT RELATIONSHIP
There is no mutual desire for collaborative work within agile
ideology.

12) EXECUTIVE SUPPORT

The bank’s top management support the implemented devel-
opment model but poorly understand the ideas and values of
agile. It results in the misconception of agile adoption and
agile transformation at the organizational scale

13) MIDDLE-MANAGEMENT SUPPORT

Middle-level managers of the bank’s business department
prefer the functionally-oriented model because it is more
familiar to them.

14) TEAM MEMBER MANAGEMENT SUPPORT

Teams support the agile practices and are trained to work
effectively according to the chosen methodology, although a
few employees tend to the traditional development model.

15) MULTI-TEAM SYNCHRONIZATION

The teams’ work is synchronized. There are common retro,
demo, common iteration start/end times for the whole stream.
There is a practice of release during the iteration.

VII. SYSTEMIC ANALYSIS
The next step in our assessment is analyzing the company as a
“system,” focusing on understanding whether the company is
really overall aligned toward SAFe, as it claims to be, or there
are situations when the company promotes behaviours or uses
KPIs that make the operation diverging from its goals.
Using the outcome of quantitative and qualitative analyses,
we were able to compare principles and values declared by
the company with actual processes and behavior. We used
official documentation of ABDT as a source of declared
culture and processes in place. Such an analysis is the key
idea of the systemic approach which helps to highlight the
inconsistencies which can be in form of:

Misalignment, when inconsistency resulted in a signifi-
cant negative impact on the company but the situa-
tion is stable,

Schismogenesis, when inconsistency has a cumulative
negative effect and diverges over time.

The result of the analysis is given in Table 2.

The systemic analysis has confirmed the initial hypotheses
and highlighted the most urgent problems which inhibit the
effectiveness of the agile process implemented in ABDT:

o Schismogenic relationship between the business and

development sides as a result of the contradiction
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between a functionally oriented approach and the agile
values and principles.

o The lack or inappropriate usage of metrics to assess the
effectiveness of the established processes: misalignment
of measurement system with objectives and responsibil-
ities of the roles involved in the development process.

VIIl. RESULT OF THE ASSESSMENT
Finally, we were able to decide on the formulated hypotheses:

« Organizational agility indicates the early stage of tran-
sition towards SAFe with significant impediments from
the middle management. However, basic mechanics of
the agile process are performed properly both at the team
and stream levels. Moreover, there is sustainable support
of the ideas and values of agile development at the team
level.

o Teams act like functionally oriented units rather than
product- or feature-based ones due to the lack of author-
ity and empowerment. Moreover, the existing system
assumes business metrics for evaluating teams’ perfor-
mance that they cannot influence. As a result, the moti-
vation among the team members is low.

« Implementation of testing (unit and integration ones),
code reviews, and refactoring helps to discover and fix
bugs thus increasing the quality of the products.
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o On the other side, the absence of Definition of Done and
TDD—practices that guarantee the reliability of product
increment—confirms the insufficient quality of newly
added and personalized functionality.

o Communication between business and development is
highly disrupted: both parties misunderstand and mis-
trust each other. It results in frequent tensions and other
symptoms of an uncontrollable rivalry.

The results of the assessment were presented to the key
stakeholders of ABDT and AK Bars bank and they appeared
to be endorsed by the head of ABDT. The bank’s management
agreed with the strategy for the further transition of the ABDT
toward the SAFe methodology and the implementation of the
suggested corrective actions. Thus, the proposed approach to
the assessment of a company’s agility has shown its effec-
tiveness in the given case study. It is approved by the cus-
tomer’s resolution. Giving the practical and pragmatic nature
of the described method, we would recommend its appli-
ance for the analysis or audit procedures within large-scale
organizations.

IX. QUALITY OF THE RESEARCH

As mandated by action research [44] and as already men-
tioned in Section III, we now need to perform an assessment
of our action, which was itself an assessment.
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TABLE 2. Inconsistencies revealed by the systemic analysis.

Declared values and principles

Actual behavior

Type of inconsistency

The company has a flat structure. There | The company has hierarchical and | Misalignment
are no team leaders who distribute tasks, | functional-oriented structure

and no managers who control the order

of the team’s work

There are several separate and motivated | Working environment do not support the | Misalignment

self-organizing teams focused on primary
business goals

formation of cross-functional teams; em-
ployees are selected into teams by the HR
department based on necessity, not their
preferences

The decision-making facing business
problems is completely run by teams

Teams do not have any authority to
make decisions on a product development
strategy; lack of control over their work
negatively affects teams’ morale

Schismogenesis. The more tasks assigned
to the teams from above the less com-
mitment to the product and sprint goals
which results in continuous divergence
with agile culture [70]

At least once every two weeks, each team
together with the business decides what
needs to be worked on next

There is no mutual desire for collabora-
tive work within agile philosophy, middle-
level management tends to the function-
ally oriented model

Schismogenesis. Managers of the bank act
from the position of traditional project
management. The more directive discus-
sion, the more latent dissent exhibit de-
velopers [12]

The teams use three types of metrics
that are displayed on special information
panels. They pay attention to product
metrics, system health metrics, and pro-
cess metrics (production metrics)

Business metrics are not detailed enough:
product metrics are based on high-level
increments and Time-to-market, team
performance assessed by velocity. Teams
do not have control over a number of
assigned KPI

Schismogenesis. The measurement sys-
tem is not aligned with the teams, their
goals and responsibilities, which leads to
frustration. The more metrics are intro-
duced, the less accurate they are collected
and the less transparent the development
process becomes [71]

In addition to INVEST, a number of
criteria were developed for the Definition
of Ready of User Story

Most of them unaware of INVEST crite-
ria at all. A task can be assigned at any
moment throughout the sprint obviously
violating Definition of Ready

Misalignment

Definition of Done defines a checklist of
what needs to be done in order for a task

Improper usage of Definition of Done and
omitting of this practice by some teams

Misalignment

to be considered complete and ready for
release

We analyzed the validity of the assessment based
on the following criteria to its theoretical and practical
implications [73]: a) veracity—the credibility of the results,
b) consistency—the dependability and reliability of the
research, c) neutrality—the presence of any bias among
observers that has an impact on the interpretation of the
results, d) applicability of the results.

A. VERACITY

This characteristic refers to the degree of accuracy and pre-
cision of the research. To enhance the veracity of systemic
analysis, we implemented the triangulation technique, which
is the usage of two types of questionnaires, and conducting
and analysis of interviews by several researchers.

The sample size may be insufficient for statistical measure-
ment, and the lack of randomization is the limitation of the
assessment. To soften this factor, we performed the matching
of candidates for interviews based on their roles and teams.
As aresult, we have interviewed representatives of each team
in the value stream as well as business unit representatives
and top management (Table 1).

In case of quantitative analysis, we can talk about applying
a time series experiment, where the kickoff of the SAFe trans-
formation is the treatment. According to the characteristics
of this quasi-experimental design [74], history is the only
potential threat to internal validity. To some extent it can
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be controlled by analysis of several teams; still, this would
mitigate this threat but not eliminate it.

B. CONSISTENCY

Consistency refers to dependability and reliability. The sys-
temic analysis can be traced back to the number of artifacts:
interview scripts, recordings, and transcriptions. This com-
prehensive documentation stands for the high dependability
of the approach.

Consistency, stability, and repeatability of quantitative
analysis are approved by the reliability of the data collectors
(information systems) and procedure of the measurement
(statistical analysis). The only weakness is the process of col-
lecting data, which involved manual data input in Confluence.
In the future, this vulnerability can be solved by applying
automatic non-invasive data collection [75], [76].

C. NEUTRALITY

This aspect of research quality is mostly referred to confirma-
bility in qualitative research, as far as quantitative research
relies on statistical analysis, thus having a high level of objec-
tivity. Whether the researchers have a priori assumptions that
may bias the implementation of the study? The fact that
the results of quantitative and systemic analyses complement
each other characterize the company’s processes and cul-
ture in a similar way, decreases the possibility of such bias.
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Moreover, quantitative research and interviews conducted by
different people also decreases the risk of biased evaluation.

D. APPLICABILITY

Will the results be similar for other populations in the given
context of large-scale enterprises? We believe that the prob-
lems revealed in this study are typical to some extent to any
large-scale enterprise, which is approved by a number of
relevant examples [77].

The nature of the proposed assessment presupposes its
deep customization, starting from the elaboration of GQM
model and further along with quantitative data analysis and
systemic analysis. Thus, this approach is vulnerable to exter-
nal validity threats:

o Reactive effects of experimental arrangements, which
involves the inability to generalize from the setting
where the experiment occurred to another setting.

o Interaction of selection and treatment, which involves
the inability to generalize beyond the groups in the
experiment.

« Interaction of history and treatment, which involves
the inability to generalize findings to past and future
situations.

However, the assessment method itself can be applied
to another contexts: its limitations depend on the expertise
of an assessment team only. Several types of potentially
problematic design decisions which the team has to make
are sampling, data collection, analysis, interpretation, and
presentation.

It is worth noting that the proposed approach has no limi-
tations with respect to the size of the analyzed company, the
point is the rationality of its application on a small scale. For
small companies the evaluation can be simplified to the eval-
uation of a single team with a focus on the applied framework
(usually Scrum). This issue has been extensively studied from
theoretical and practical points of view [78], [79].

X. VALIDITY OF THE ACTION RESEARCH
The general notion of validity is becoming more complex
nowadays, and we therefore need to be aware of the validity
of the approach we are proposing. We evaluate the validity of
the research study as a whole based on the ideas suggested
by M. Straton in his work on application action research
in software engineering [80]. Thus, the validity considered
separately from the lenses of a) construct validity, b) internal
validity, c¢) conclusion validity, and d) external validity.
From this perspective, veracity and neutrality resembles
somehow to internal validity. Nevertheless, the role of the
observer should be further considered. In our case, the
observers are independent people not part of the organization.
They attend meetings, help develop the GQM, and collect and
study the data, perform the interviews, and help to identify
misalignments and scismogenesis. In these contexts having
external observers instead of using people of ABDT for
performing these tasks is the best insurance against biased
deductions.
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The construct validity is referred to consistency. Still,
it refers to the assessment and not, for the time being, to the
overall action research. Given the single instance of experi-
mentation that is being considered, most of the effort is con-
centrated on how the data is collected [81], [82]. To this end
we follow the approach proposed by Turnock and Gibson [83]
and we consider the following critical aspects:

« Open or hidden data collection, with respect to the peo-
ple involved, and associated possible interference with
the results. All the collection of data is completely open
to employees of the company, including the non-invasive
data collection, due to the legal environment in which
ABDT operates, which prevents hidden collections of
private data of employees. Moreover, it would be impos-
sible to conduct a deep analysis, like the one required for
systemic analysis without explaining its goals and needs
to all the people involved [84].

« Mode and timeline of data collection. This aspect was
thoroughly discussed while describing the methodology
of the assessment (Section III)

Please note that rather than a ““fully fledged valida-
tion” the proposal by Turnock and Gibson is a check of
self-consistency of an action research, the only that is possible
in these contexts [83].

The external validity of the research is addressed by the
analysis of the applicability of the proposed approach.

The conclusion validity refers to drawing correct conclu-
sions from observations. In this work, it is guaranteed by
two core elements of the assessment methodology: the GQM
model and systemic analysis. The former refers to setting
properly the objective, the latter ensures that the right causes
are distinguished from the observations. [80]

XI. CONCLUSION AND FURTHER RESEARCH

The transition from the traditional organizational culture to
agile is tremendously difficult. Many organizations claiming
that they have completed successfully an agile transforma-
tion, in fact, have just glued a variety of agile practices
to the existing traditional processes and culture [85], [86],
often worsening the overall organizational performances [4].
However, true agile transformations have the potentials of
carrying significant strategic benefits, including increased
productivity and quality and also positive changes in mind-
sets, behaviors, structures, and policies. However, it is not
easy to evaluate such changes and the proper assessment of
the agile transformation is another complex task that does not
have (yet) a standardized solution.

In this paper we have presented action research centered
on the assessment of the effectiveness of an agile process in
large organisation, using as concrete experimental field the
implementation of SAFe in the ABDT [87]. The assessment
is based on GQM and systemic approach, which allowed us
to effectively exploit the advantages of quantitative and qual-
itative tools and techniques. As a result, we have reviewed
the current software development process in a comprehen-
sive way considering different perspectives and assessing its
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maturity with respect to SAFe and the overall agility. This
enabled the identification of the key existing issues in the way
ABDT implements SAFe.

Through this approach, we have found the undoubtedly
positive trends since the introduction of SAFe. Testing and
bug fixing processes have become more stable: fluctuations
of differences between open/closed issues tend to zero. The
overall quality of the products being released as evidenced
by the user satisfaction ratings are presented in the play
stores. Thus, we assume that the introduction of SAFe has
a significant improvement of ABDT’s development process.

We have also found open issues. First of all, the fundamen-
tal mechanics and attributes of SAFe are in place, but most
employees have not yet realized its rationale. Even though
people in ABDT and in Ak Bars Bank claim to support the
key principles of agile development, the reality is that in the
minds of many of them there is still a traditional process, just
enriched with several “‘best practices” coming from agile.

Another issue, strictly connected to the previous, is the
limited communication between roles in the organization,
which could be caused by the lack of proper control and
management in the implementation of SAFe. We have found
this well exemplified in the relationships between a product
owner and a business owner. Such limited communication
may result in a very dangerous, significant, and constantly
increasing mismatch of mutual expectations, even when shar-
ing the paramount and collective business goals. The result of
this was the initial dissatisfaction of the banks’ management
in the performance of ABDT.

The third issue is also strictly connected with the previous
two points. The empowerment of teams and their motivation
are insufficient. The definition and allocation of tasks are
functional and hierarchical. The senior management of the
bank do not delegate the decision-making to the teams in
ABDT. As a result, the teams in ABDT evidence limited
desires (and even opportunities) for exchanging knowledge
across them. It leads to the problematic consequences for the
overall development process.

Overall, the model of assessing an agile process in a large
organisation that we have proposed in this action research has
been found useful in its context. Moreover, we believe that
it could be applied also in another context. In the future we
aim at validating this approach further using more systematic
research design models, as common in action research [88].
We also think that the issues that we have found are quite
common while introducing agile approach in large organi-
zations. Therefore, it can be used as criteria or reference
situations for future planning and assessments, regardless of
the specific planning or assessment model. Our next research
will be concentrated on empirical studies of such findings.
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