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Abstract. Agile development is gaining popularity in industries in recent years.
For more than a decade there have been researches about the integration of agile
development and Human-Centred Design (HCD) so that organizations can benefit
from the best of both. However, such approaches are being performed in-house
and often not published broadly. What are best practices for the integration? Do
these integration approaches affect the methodology of agile development? Or,
are the principles of HCD being influenced by the aggregation of both method‐
ologies? Agile human-centeredness needs to be assessed in relation to a reference
model. Such a reference model did not exist. This paper provides a checklist that
can be used to assess the user-centeredness of the agile processes. The checklist
is based on DIN ISO 9241-210 in combination with best practices from agile
human-centred design approaches and is evaluated by experts feedback.
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1 Introduction

Software development frameworks have been evolving since there was a need to make
software development more manageable and efficient [8]. Agile development processes
were developed to overcome the recognized drawbacks of traditional sequential
approaches [28]. Agile processes are iterative and incremental and lightweight. Another
prevalent methodology is the User-Centred Design (UCD). UCD is a multi-disciplinary
design approach, which emphasizes user involvement for clear understanding of require‐
ments and tasks [14, 19]. UCD is based on iterations of design and evaluation. It is
considered the solution to better user experience and usability. Various researches show
that adoption of agile development is increasing day by day [2, 35]. In addition, some
researches show that cost-benefit tradeoffs have become a key consideration for adopting
UCD methods in product development [19]. Agile development processes allow deliv‐
ering high quality products in a short period of time. On the other hand, UCD gives us
the end user empathy to build more usable products with higher user satisfaction [26].
In order to achieve benefits from the advantages of both of these methodologies, a variety
of researches have been done in the past few decades to integrate these two process
models. Some of the significant integration strategies and frameworks are discussed in
Sect. 2.2.
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It is also observed that there is research data available for the assessment of agile
processes and UCD processes, some of which are discussed in Sect. 3. Though there are
various methods available to assess the agility of an agile process, there seems to be a
lack of data available for assessing the user-centeredness of an agile process or
vice versa, the agility of a UCD process. This paper explores possibilities to assess the
ability of such organizations to perform human-centred design in agile development
process environments.

2 Agile Development and HCD

Today, many industries have adopted agile development methodologies and the level
of agile adoption is high and rising [2, 35]. The most popular agile approaches are Scrum
and Extreme Programming [9, 20]. Compared to the traditional process models, agile
methodologies are used for a dynamic environment where requirements, technologies
and deadlines are changeable. Agile methods are structured keeping in mind that real
world requirements are likely to change. Their basic values are interaction, collaboration
and adaptability [17]. Agile models are considered as lightweight as they do not consider
extensive documentation, and prefer informal and frequent communication over proce‐
dures [5, 17, 20, 27]. The iterative nature of agile development helps to concurrently
work on smaller set of features to over the course of time form the bigger system. Large
projects are therefore often implemented in series of small projects, delivering the
customer a finished, tested and working implementation on a regular basis which can
be more valuable to the customer than a document or a changeable overall design [1].
Agile development is not just about the agile values and practices but is also about
managerial or organizational policies. Since all the values and principles are theoretical
and there is no unique way to implement them, these can be perceived and implemented
differently in different organizations [5, 27]. It’s the core characteristics that are shared
and the focus is on the basic principles of agile software development as explained in
the Agile Manifesto.

According to Nielsen [23], the biggest risk of agile methods is that it is created by
programmers or developers and focuses mainly on the implementation. Less importance
or effort is given to usability. With the increase in the importance of user experience in
system development for the past few decades, the need of more usable products has
grown. User-centred design (UCD) is an approach that intends to make usable and useful
products by keeping end-users in the center of the development process. The idea behind
UCD is to gain a strong understanding of the user and the user’s tasks and requirements
[19]. This is done in an iterative manner with creating alternative solutions and testing
them with users continuously. ISO 9241-210 [14] defines requirements and recommen‐
dations on human-centred approaches to design and shows how HCD can be effectively
used and organized in a company’s environment. As it is a management standard and it
does not provide the methods and techniques needed for the implementation.
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2.1 Comparison of Agile Development and UCD

Agile and UCD have the same goal of creating high quality products, but there are always
differences in practices involved in each process. This is one of the reason integrating
these two processes is a challenge for decades. The following aspects sum up the simi‐
larities along with the differences between the two perspectives:

I. While agile and UCD are both iterative, there is difference in what is being iterated
[3, 9, 27]. Agile methods iterate over application code or a smaller set of features
that can be implemented. Iterations in agile are done during development. UCD
iterates over user requirements and interaction design. Rannikko [27] states that a
factor to keep in mind while integrating agile and UCD would be to make UCD
incremental as well. In UCD practices, the user requirements are gathered and
design solutions are being tested iteratively before the actual development begins.
Making UCD incremental would mean to do user requirements elicitation and
development of design alternatives for a short set of features iteratively. This makes
it easier to be integrated with an agile process.

II. Both the processes are user-centred or human centric. Agile and UCD principles
all involve the user throughout design and development process. The difference
here is that in UCD users are the end users of the product, i.e., users that would
actually use the product, but agile processes rarely differentiate between customer
and end-users [3, 27]. In order to integrate these two perspectives, there needs to
be real end-user involvement in all the stages. In agile process there is no end-user
involvement for evaluation of the design by definition. For agile to be more human-
centred participation of end-users during designing and evaluation is needed to get
feedback and achieve improvements continuously.

III. Both the approaches emphasize effective teamwork and communication [3, 27].
Agile development process gives importance to face-to-face communications and
keeping the team together, motivated and self-organized, which relates to the UCD
principles as well. Another characteristic of UCD approach is that the whole team
is supposed to design and develop keeping in mind the end-user [27].

IV. Rannikko [27] points out that agile methodology works effectively in projects
where requirements are not clear in the beginning. But agile methodologies do not
mention how these requirements are being gathered. Agile teams depend on the
customer for their requirements. In the case where the requirements are not clear
to the customer, the team has to figure out by themselves and build something to
ask the customer if the solution is what they expected. To save costs on changes
of prior implementations, it is better to have done UCD practices before imple‐
mentation. UCD methodology traditionally does up-front analysis, requirement
gathering and design. Some high-level UCD practices, if integrated with agile, can
help overcome such risks.

V. In agile development developer based testing is done on a daily basis and apart
from this testing there is customer/user acceptance testing that can be done after
every iteration or Sprint (in Scrum), but it lacks any usability evaluation testing.
Even though the developer and expert would be taking care of the usability, the
real evaluation is complete only when it is tested with the end-users as well [27].
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Evaluation in agile means acceptance from the customer who actually verifies if
all the requirements are met and all functionalities implemented. There is less focus
on usability of the system or product by default. UCD puts emphasis on the users
and evaluates the system by testing with real users, which highlights usability
defects and technical problems as well.

2.2 Agile and UCD Integration Approaches

Growths in research about agile and UCD integration have started to address the previ‐
ously mentioned differences through different approaches. Past research showed how
usability requirements were treated insufficiently in agile methods and which gaps need to
be filled with UCD activities to make products more usable [5]. Silva et al. [32] did a
systematic literature review of agile and UCD integration processes and propose an inte‐
gration framework. This framework is almost similar to the approach that Fox et al. [10]
came up with after interviewing 10 participants adapting or working in integration projects
across America, Canada and Europe. Fox et al. came up with a Generalised, a Specialist
and a Generalist-Specialist approach that was being used by most of the participants. Find‐
ings from their research show how the two methodologies are getting integrated in soft‐
ware industry. None of the processes followed by each participant was identical, but they
had some commonalities. The authors constructed a high level representation of the simi‐
larities in the approaches and called it Agile-UCD General Process Model (AUGPM) [10].
Nebe and Paelke [21] also did a comparison of various kind of agile and UCD integration
processes. They pointed out that every integration process has a distinct focus and does
integration on one of the three levels, namely, on the level of Standards, Process Model or
Operational process. The AUGPM developed by Fox et al. [10] is not only a very general
approach, it also details the procedures to be followed. They not only confirmed the Sy
model [33] but also showed that Sy’s model is not limited to one organization. They have
detailed the approaches by describing who performs which activities in the team. They also
mention the output expected from every stage and every iteration and what should be the
next steps, which was not provided in the details by Sy. Though AUGPM is a general
approach that was designed with the similarities of processes followed by the participants
of the study. Fox et al. also found distinct differences that they described as three different
approaches for integration of UCD and agile. The approaches that emerge are different in
the aspect that who executes which role in the process. These approaches are described
with significant details. When looking into related work of integration of agile and UCD,
it can be seen that most of approaches developed fit into one of the three approaches below
proposed by Fox et al. [10]:

• The Specialist approach: In this approach, the team members are distinctly divided
into UCDS (UCD Specialist) and development teams. There are three main groups,
the users/customers, the UCDS, and the development team.

• The Generalist Approach: This approach uses two main groups, the user/customer
and the developers that also act as UCDS. Developers that act as UCDS may or may
not be formally trained UCDS. But they must have some informal or self-taught UCD
skills. The roles that developers play are the main difference between the Specialist
and Generalist approach.
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• The Generalist Specialist Approach: In this approach there exists a team member that
not only has formal UCD training but also has extensive software development
experience. This member is a Generalist as well as a Specialist. Generalist because
he can contribute in development task as well as perform UCD tasks and Specialist
because he can also act as a UCD specialist.

3 Assessment of Agile- and UCD-Processes

A current state analysis is the first and typical step in a process to start any improvement
endeavors in an organization. In software engineering and usability engineering process
assessments are a widely used practice to this [16]. Datta [4] proposed a metric, the Agile
Maturity Index (AMI) based on five software project dimensions, namely, Duration,
Risk, Novelty, Effort and Interaction. The score obtained helps organization to decide
the best fit methodology for a given project. Sidky [31] introduced the Sidky Agile
Measurement Index (SAMI) which is based on the number of agile practices adopted
by an organization. The “agile potential” of the organization depends on the number of
agile practices being followed. SAMI has five agile levels and each level correlates with
a set of principles and practices stated in the Agile Manifesto. Patel and Ramachandran
[25] introduced in their paper the Agile Maturity Model (AMM) for agile software
development environments. AMM is based on the agile software development values,
practices and principles and is designed to improve and enhance the agile methodology
being followed.

Apart from various research data and maturity models, there are many checklists and
questionnaire available online that can be used for assessing the agility. For example,
the Karlskrona test [30] provides an eleven-point questionnaire to analyze the agility of
the existing process. The Agile Maturity Self Assessment consists of six questions based
on the agile principles answered using the seven scale of Expertise [24]. Additionally
there are the Nokia test [18] available online which is more specific to Scrum process,
and the 42 point test: How Agile are You? [34] and the Scrum Master checklist [15].
These checklists mentioned are just a few from the many available online.

Various approaches have also been proposed and used to analyze and assess the
current state of a UCD process. Earthy [6] introduced the Usability Maturity Model
(UMM) to assess the level of maturity of an organization with regard to its capabilities
to perform human-centred design. It is also known as the INUSE process assessment
model [16]. This process assessment model is based on the software process assessment
model defined in ISO 15504-2 in 1998 (This has been revised by ISO/IEC 33002 in
2015) [13]. The INUSE processes model consists of six levels of capability (Incomplete;
Performed; Managed; Established; Predictable, Optimising). There are certain process
attributes associated which each level of capability. These attributes determine whether
a particular capability level is achieved. This process assessment model developed by
INUSE project is well documented with all the details on how the assessment is to be
performed. The process descriptions of the INUSE processes model was later published
as a technical report ISO 18529 [12, 16]. Jokela [16] summarizes and contrasts various
usability capability assessment approaches. He also came up with a new assessment
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approach KESSU UPA. KESSU UPA consists of a new UCD process model, a three
dimensional process-performance model and the implementation of the assessment as
a workshop.

As shown, various researches and approaches to assess the agility of an agile process
and also to assess the user-centeredness of a UCD process exist. Many frameworks and
approaches have been already developed to get the benefits of both, some of which have
been discussed already in this paper. But still, there is a lack of research data that would
help in assessing the agile processes or the integrated agile-UCD processes for their
user–centeredness [29]. Many organizations are willing and trying to integrate UCD in
their agile development process these days. But therefore it is necessary to first assess
the principle user-centeredness of the agile processes.

In the following section we explore the possibilities to measure the user-centeredness
of an agile process applied in an organization, which would also help in knowing the
capability of the organization using agile processes to perform HCD.

4 Checklist for User-Centredness of Agile Processes

The aim of this paper is to find a solution to measure the user-centeredness of a given
agile process. It is relevant to mention here that this work is not aiming to assess an
organization’s process implementation maturity level. It attempts to assess the user-
centeredness (as per the UCD values, principles and activities) of a given agile process
model being followed (as per the agile principles, values and activities). For the purpose
of this paper, it is important to have a basic definition for the process methodology in
question that defines their principles, values and activities. The rest of the research is
then performed depending on the basic definition of these process methodologies that
are taken into consideration.

All developed processes are based on agile development methodologies principles,
values and activities that are defined in the Agile Manifesto. The research work done
for this paper also considers the Agile Manifesto for the basic agile definition while
assessing a given agile process. To measure the user-centeredness of a UCD process
there are various approaches available as discussed in previous section. The standard
ISO/TR 18529 is one of them. As explained already, ISO/TR 18529 introduces the
Usability Maturity Model, but it is yet to be investigated whether this model can be used
for assessing user-centeredness of agile or integrated agile-UCD processes.

Here, ISO 9241-210 is chosen as reference model for assessing the user-centeredness
of a process. With no assumption of any design process, it provides a HCD perspective
that can be integrated into different design and development processes in a way that is
applicable to the particular context. It describes how HCD can be planned and integrated
into all phases of the product life cycle. The Annex B in the standards describes a sample
procedure for assessing applicability and conformance. It provides a checklist that can
be used to analyze whether HCD is being followed in a given process. Therefore,
requirements and recommendations are listed in a checklist sequentially. The standard
clearly states that the checklist is provided as guidance and must not be used as a substi‐
tute of the standard. Each requirement and recommendation is stated as a single point
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in a separate row. Most of these requirements and recommendations have components.
Every such component is stated as an entry in a separate row. Achievement of a require‐
ment or recommendation depends on satisfying each of its components as well.
Figure 1 displays a snapshot of this checklist showing the header attributes.

Fig. 1. Table B.1 (of ISO 9241-210) checklist header snapshot

To check the fulfillment of the requirements and recommendations, first the checklist
is reviewed by experts to know which of these clauses are actually applicable for the
project or process. This is documented by Yes/No in the third column with a justification
in the fourth column, in case that particular clause is not applicable. Next, the clauses,
which are marked as applicable, are then reviewed to determine whether the project or
process conforms to those requirements and recommendations. How this is determined
is not stated in the standard. It may vary from project to project and organization to
organization.

For the intention of this paper the authors used this checklist as it defines HCD by
principle and analyzed whether agile principles match or interfere.

4.1 Development of the Agile-HCD-Conformance Checklist

The checklist of ISO 9241-210 was analyzed for the purpose of this paper, exploring
whether it would be possible to use this checklist to assess the user-centeredness of agile
processes. To do so, each of the 103 entries in the checklist was examined whether it is
applicable to agile development process (by definition as per the agile manifesto). This
brought to light the gaps in agile development process, by definition, considering which the
process can be made more human-centred. The analysis of the checklist was done in three
steps: First, all 103 entries of the checklist were analyzed to find which entries or clauses
of the checklist are actually valid enough when considering an agile development process.
This was done to first eliminate the entries, which are completely unrelated to agile devel‐
opment. Second, the clauses in which a agile development process needed to be adapted in
order to become human-centred were determined. Third, the gaps found in agile develop‐
ment processes were analyzed and recommendations as to how these gaps can be filled
were provided. These recommendations are based on the state of the art research
approaches (integration of agile and UCD as discussed in this paper).

During analysis of the checklist, it was found that all clauses of the checklist were
valid enough to be used for assessing an agile process for its human-centeredness. All
103 entries of the checklist passed the first step of the analysis. In the second step of the
analysis, 90 clauses could be found where agile processes need to be adapted in order
to fulfill the requirement listed. By doing this, gaps in agile development processes (by
definition) were determined. Lastly, the identified gaps were analyzed and a solution
was given for every such clause. For example, consider the following clause from the
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checklist: “Clause 4.3 (under point 4. Principles of Human-Centred Design): User
involvement should be active.” This particular checklist clause is valid to be used for
the assessment of an agile process. But when the HCD principles are considered, a gap
is observed in agile processes even though agile methodology does involve users/
customers (see 2.1.II). In HCD, user involvement should be active throughout the project
life cycle and especially during the early stages. As defined in ISO 9241-210, the real
end-users must be involved during requirements gathering where, if needed, low fidelity
prototypes must be included to get more definite user requirements and understanding
of the users tasks. Moreover, in HCD end-users must also be involved during designing.
The designs must then be tested with real users to get their feedback for improvements
before the actual implementation starts. In the end, a user-centred evaluation must be
performed as the final step after implementation is done. As per the agile definition, the
first point to note is that agile does not differentiate between users and customers [3,
27]. Second point to note is that agile processes does not emphasize on user involvement
during the early stages and user evaluation during the design phase. Following this
procedure the analysis highlighted gaps in agile development processes. Then, recom‐
mendations for improvement could be given. For the above example, it is recommended
to involve real users in the early stages (e.g. Sprint Zero) as well as during the agile
development process, especially by the involvement of real end users during require‐
ments analysis and elicitation. In addition, the user needs to also be involved to evaluate
the designs apart from just testing the implementation at the end [7, 10].

Every entry in the checklist was analyzed as per the process explained above. This
resulted in the development of a new extended version of this checklist having the same
clauses as in ISO 9241-210 checklist but with agile gap findings and additional recom‐
mendations for implementation of HCD. This extended list can help filling the gaps and
makes agile processes human-centred. This Agile-HCD-Conformance Checklist can be
found at the URL [22]. The extended checklist is quite similar to the ISO 9241-210
checklist with a slight difference. Columns one and two remain the same, i.e., first being
the clause or sub clause number and the second the requirement or recommendation.
The third and fourth column contains information related to the applicability of that
clause to agile process (by definition). The third column is filled with Yes/No depending
whether that recommendation or requirement is applicable to the agile process according
to the agile definition. In case a recommendation or requirement is not applicable, the
reason is mentioned in the fourth column. These basically determine the gaps. The fifth
and the last column contains the recommendations to make the agile process more
human-centred based on the related work already done in integration of agile and UCD.

4.2 Evaluation of the Agile-HCD-Conformance Checklist

To evaluate if the checklist could be used to assess an organization’s ability to perform
human-centred design in an agile development processes and whether it provides means
for the implementation, expert feedback was needed. Experts must have a strong knowl‐
edge of agile development processes, based on their educational background or work
experience of years in agile development projects along with having certifications
related to agile processes (like the Scrum Master certification).
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The statements, which are present in the “Applicable to agile process (by definition)?
(Y/N)” and “Reason not applicable” columns of the checklist, are the entries of the
checklist, which were needed for the evaluation through experts. These describe the gaps
of human-centeredness in agile processes, which need to be filled. Therefore an online
evaluation questionnaire was created (For future studies input is still needed. Please
help and support by providing expert input at [22]). Each question of the questionnaire
consists of the specific requirement or recommendation as in the original checklist,
followed by the agile applicability statement from the developed new checklist. Every
question was comprised of two parts. One was the requirement or recommendation
clause and the second was the “Applicable to agile process (by definition)? (Yes/No)”
and the “Reason not applicable” statement. The participants were asked to give their
feedback for each agile applicability statement, i.e., whether they agree or disagree with
the given statement (multiple choice). They were also provided with separate text boxes
to write their comments after every question.

The online questionnaire was sent to 12 experts. Five responses were received. By
looking at the results, similar trends could be identified. The evaluation report with the
responses of the participants along with their comments can be found at the URL (Nebe
[22]). In summary it shows that the experts mostly agree with our findings.

Keep in mind, while analyzing and proposing the Agile-HCD-Conformance Check‐
list, the purpose of this research was not to analyze for operational process implemen‐
tation, but was a focus on fundamental agile development principles. Some of the
experts’ responses unconsciously compared the checklist entries with the given agile
process they were following in their organization. Such responses were excluded. Also,
not all negative responses from experts meant that they disagree with our checklist
statement. In few situations, experts state a negative response but after reading their
comments it was understood that they actually disagreed with the actual checklist state‐
ment for agile, which was what expected and explained in our “reasons not applicable”
section. In some few cases it was seen that our “Reason not applicable” statement is not
clear enough and the responses from the experts helped us to refine “Reason not appli‐
cable” statement in the new version of our checklist.

Altogether it can be said, that the Agile-HCD-Conformance Checklist can be used
as a good source for the assessment of the user-centeredness of agile processes and can
be a used as a guideline for setting up new agile HCD processes.

5 Summary, Conclusion, Discussion and Outlook

This research explored approaches of assessment for agile processes and human-centred
design (HCD) processes. It was important for this work to understand the underlying
basic principles and values of both the methodologies. In addition, state of the art
research about strategies for the integration of agile and UCD are reported. Even though,
many integration approaches exist, there is still a gap of principal recommendations and
practices for the integration of agile and HCD processes. The authors present an
approach that give guidance for such integration based on principles and best practices
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of agile processes and user-centeredness. The standard ISO 9241-210 was chosen to
explore the possibilities of assessing the user-centeredness of agile processes. Based on
this, the Agile-HCD-Conformance Checklist [22] was developed so that it can be used
as a source for the assessment of the user-centeredness of agile processes. The Agile-
HCD-Conformance Checklist was evaluated with experts. Minor refinements were done
after the evaluation results analysis. It is concluded that the research was successful in
finding the gaps that would help the agile process to adapt and perform HCD. The Agile-
HCD-Conformance Checklist, also provides recommendations on how the gaps found
in agile process can be filled. Recommendations are given based on state of the art
researches in the field of integration of agile and UCD.

Due to the limitation of time, the evaluation is based on feedback of five experts.
Given the time, more feedback could have been gathered that might have helped to
refine the findings more and make it more concrete. If you are interested in supporting
this approach and future work, please provide your expertise in filling the questionnaire
[22]. Thanks a lot.

This research leads to a vast area for research questions in the area of measuring the
user-centeredness of an agile process or an integrated user-centred agile process. More‐
over, it also leads to questions in the area of measuring the agility of a user-centred
design process or an integrated agile user-centred process. Further research can also be
done to develop a maturity index to analyze whether an agile process can be put in a
level of maturity in terms of user-centeredness or vice-versa.

Acknowledgements. We are very grateful to all the participants in this study without whom this
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