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Abstract. Usability evaluation is accounted as a critical phase of user-centered
software design and development. It is the stage where project teams can
observe and measure the usability of their solutions and user interfaces, in terms
of visual design, interaction, functionality, terminology, content, scenario
applicability, etc. During this process, teams collect qualitative and quantitative
data, or feedback items, that they have to analyze and interpret in a collaborative
manner, aligning with end-users’ needs and requirements and tackling specific
problems or cumbersome actions. In this respect, this paper proposes EUREKA,
an end-to-end Workflow-as-a-Service methodology and open tool for usability
testing data analysis. It facilitates a guided expansive learning experience for the
teams when applying reasoning to the collected feedback while at the same time
maintains a balanced qualitative and quantitative perspective of the research
results. EUREKA has been positively evaluated highlighting its added value
through the maximization of outcome compared to the effort invested for
empirical data analysis, in terms of a goal-directed, consistent and flexible
methodology, and a modular tool that provides structured and semantically
enriched content, and a smart data visualization overview.
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Methodology � Tool

1 Introduction

Usability testing is considered a central phase of User Experience (UX) research and a
common activity in the user-centered software design and development process. Project
teams prepare and run a number of usability study sessions with end-users to validate
their software by observing them, asking questions or gathering hard data. They collect
feedback of how effective, efficient and satisfied [1, 2] they are while executing the
given tasks which include multi-purpose interactions with a user interface, (functional)
prototype, real application, system or piece of software (for the sake of simplicity,
throughout this paper we will use mostly the term ‘software’, as an umbrella term for
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all these alternatives). Such feedback can be collected implicitly (with non-disruptive
methods for the user) or explicitly (by asking questions), producing a number of
feedback items. Implicit methods may include observation (i.e., what an end-user does
with the testing environment; focusing on how he behaves using the different func-
tionalities, how he navigates and reacts on the given tasks, how he searches, inputs
data, or filters information, etc.), or specialized routines (quantitative methods based on
key-metrics) that collect behavioral data as a result of users’ interactions (e.g., time on
task completion, errors, frequency of specific actions, screen flow navigation success
case violation, time intervals between actions, etc.). On the other hand, explicit methods
rely on the questions that the team asks an end-user during the execution of a task
(might relate to more generic comments – what he liked and not, or more specific ones
like ranking, voting, flagging or polling for a targeted topic), or post-session
small-scale interviews and questionnaires that usually aim to gather the general
impressions of end-users about the overall usability of a software. A combination of
implicit and explicit feedback is considered an ideal mixture of information (Mixed
Methods Research [3, 4]) that can be collected for a task (or interaction) under
investigation since each type of feedback covers the weaknesses of the other (e.g.,
explicit feedback may carry more subjective and biased messages, since it relies on
users’ opinion, as opposed to quantitative feedback, which is more objective but does
not convey ‘why’ an end-user is navigating in a particular way), and together provide
an integrated viewpoint with an added value greater than the sum of its parts. Main aim
is to create an understanding as early as possible of the interaction challenges, cum-
bersome situations, needs or wishes that would improve a solution in terms of usability
and user experience.

However, collecting, analyzing, sorting and making sense of the collected infor-
mation is a time-consuming task that requires a lot of effort. In particular, for quan-
titative data analysis, there are today various computational techniques and algorithms
that can produce a statistical, mathematical, or numerical result, which in turn may be
aligned with the objectives of a study (by e.g., establishing associations between
variables, detecting patterns, recognizing similarities and differences with historical
events). In contrast, for qualitative data analysis, it seems that most of the procedures
(e.g., field studies, interviews and observation, focus groups, audio/video recordings,
storytelling) and tools (e.g., Excel DataLogger, BitDebris, Noldus, OvoStudios,
TechSmith-Morae) focus on how to gather the data and not that much on how to
analyze them. It is true that qualitative data present an inherent uncertainty and
fuzziness increasing the possibility of drawing different understandings, explanations
or interpretations, since they cannot be easily reduced to numbers and usually express
opinions, experiences, feelings, values and behaviors of people while acting in dynamic
contexts. Empirically, a usability test with eight end-users might produce 130–150
feedback items of any nature. In addition, often these data are unstructured, incomplete,
inaccurate, and gathered in various formats creating an overwhelming situation for a
team, since many times it is not clear how to start an analysis. To our knowledge,
currently there is not a consistent methodology and tool that would guide project teams
through qualitative data analysis in a collaborative manner, taking advantage of the
various roles’ (e.g., User Researcher, Interaction and Visual Designer, Architect,
Domain Expert, Product Owner, Developer) expertise and backgrounds usually
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involved in user-centered software development. At this point we should mention that,
in this work we consider an end-to-end (E2E) qualitative data analysis as a process that
starts with a pre-phase and actions that relate to e.g., data preparation, synthesis and
cleaning, and ends with a post-phase that includes e.g., solutions discussion, recom-
mendations and prioritization for future activities.

In this respect, we propose EUREKA (Engineering Usability Research Empirical
Knowledge and Artifacts), an E2E Workflow-as-a-Service (WaaS) methodology and
tool for analyzing empirical data collected from various usability testing sessions. It is
an open solution that can be applied in any domain (e.g., educational, business) that
involves the activity of usability testing of software products, tools, platforms, user
interfaces, etc. EUREKA methodology adheres to well accepted theoretical perspec-
tives like Kolb’s Experiential Learning Theory [5] and Engeström’s Activity Theory
focusing on Learning by Expanding [6], for increasing the goal-directed learning
experience and outcome while doing and exchanging. The generated knowledge is
realized through the suggested modular tool for transforming the collected feedback
into meaningful, semantically enriched and purposeful action items allowing a smooth
and consistent transition from theory into practice.

2 Related Work and Current Challenges

During the past years, multiple tools, approaches, services, and platforms targeting
usability test execution and analysis have been developed. User researchers, agencies,
education facilities, and corporations offer their knowledge and expertise by providing
usability research support in one way or another. A huge range can be found on the
market – from open source to subscription models, from full-service providers to
stand-alone applications. In order to get an understanding about what exactly is cur-
rently being offered and to which extend these available offerings support collaborative
and qualitative data analysis approaches, we first conducted an extensive literature
review, including e.g., conferences, journals, books, generic and targeted web searches,
along with unstructured expert interviews and hands-on tool expertise. Next, we syn-
thesized and consolidated the collected information narrowing down to a total of
seventy-five tools, frameworks and services. The selection primarily was based on an
empirical research analysis emphasizing on the level of completion of each solution in
terms of variability of features and coverage of the usability testing process (that may
be composed of distinct phases like usability method selection and planning, execution
and data collection, data consolidation and analysis, and reporting). Finally, we applied
a factorial analysis, comparing all the solutions based on a prioritization of factors, as a
common reference point, that best express the scope, needs and requirements of the
analysis as these have been obtained from the focus groups and discussions with
experts. Such factors include the solutions’ potential underlying model, platform
applicability, supported study types, data logging functionality, quantitative and
qualitative analysis capabilities, and pricing model. Even though a complete and
detailed evaluation of all the tools and services is still in progress, for the scope and
support of this paper we hereafter present some preliminary observations and results.
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Common focal points of most available products and approaches investigated, are the
(a) data logging process step (i.e., recording user actions, voice, video; capturing key
strokes and mouse movements, tracking time on task, providing surveys and question-
naires) and (b) quantitative data analysis (i.e., heat maps, navigation flows, task-success-
rates, average ratings on multiple metrics, pattern analysis, standardized survey results).
With regard to the qualitative data analysis and consolidation of feedback items gathered
from the usability study sessions and the usage observations, it seems that no approach
offer today, to our knowledge, adequately an E2E collaborative data analysis function-
ality and support. In other words, to facilitate the data analysis process of the raw
observational notes and comments (collected from multiple note takers), their consoli-
dation, categorization, prioritization, and solutions recommendation.

More specifically, observing ten of the most highly scoring products, with focus on
supporting formative usability testing results analysis (i.e., using the qualitative anal-
ysis capabilities factor which relates to various tools’ qualities like videos, pattern
analysis, clustering capabilities, tagging of individual comments, etc. – see Table 1),
they mainly emphasize on manual rather than automatic functionalities such as cap-
turing qualitative data, either during sessions execution or shortly after a session is
finished. It seems that, and in this case, they lack to structurally support comprehen-
sively qualitative data analysis, promoting mutual understanding of observations and,
eventually, producing findings, or following-up on recommendations agreed upon. In
fact, only two of the solutions evaluated focus on supporting the creation or tracking of
recommendations; a framework – User Action Framework (UAF – [7]), a structured
knowledge base of usability concepts, issues and situations providing a unifying
structure and tools for supporting, amongst others, usability inspection, classification
and reporting of usability problems; and a method-based spreadsheet template –

Usability Testing Management Tool [8], that it follows a four step process on solving
usability issues that is data collection, issue prioritization, solution generation and
solution prioritization.

Many scientific publications and professional usability blogs insist on the impor-
tance of rigorous methodological analysis, well-formulated reports [9, 10] and
meaningfully-phrased recommendations [11–13]; yet, we are missing a method-based
and tool-supported solution to provide usability testing professionals as well as
non-professionals and teams (such as development teams with no dedicated UX
resource), a guided method to explore, understand, analyze, consolidate and learn from
end-user insights, ending up with actionable findings. Below we highlight some of the
most prominent challenges and problems in this domain. Today, there is:

(a) Lack of a guided user studies analysis methodology, that can bridge the gap
between data collection and interpretation-based actions;

(b) Lack of a sophisticated tool that would facilitate empirical/qualitative data anal-
ysis of formative usability test studies;

(c) Lack of a holistic method and tool that could tackle as a combined practice the
problem focus (research data, issue consolidation) with the solution focus (rec-
ommendations, follow-up, solution discussion and tracking), and potentially
bridging the gap to classical project management and/or development manage-
ment solutions;
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(d) Lack of a solution that would rigorously offer an environment covering all the
phases of usability study data analysis, and focusing on team collaboration for
facilitating a highly synergetic and qualitative outcome;

(e) Lack of standardized reporting of usability research outcome that could enhance
transparency and comparability across different solutions or domains; and

(f) High variability in the quality of usability research outcomes. Teams that cannot
afford a dedicated UX resource, do not have available a method and tool that
could scale to their level of expertise to apply accordingly a consistent data
analysis with the expected qualitative results.

Especially in non-scientific, such as corporate, usability testing setups, multidis-
ciplinary development teams usually are faced with different levels of usability
maturity. Usability testing often is not done as a service to an external client, but rather
as an inherent-process step of software development [14]. Thus, a collaborative
approach not only during study execution, but also during study analysis, seems to be
crucial from two perspectives: On the one hand side, it is important to minimize
potential evaluator effects [15] and on the other hand side, there is the need to keep
multiple team members, with different backgrounds and skill sets, engaged during all
the steps of data analysis. Such an approach could be deemed beneficial in various
levels for the successful data analysis and communication of the results, since partic-
ipants will be able to build up commitment towards potential findings and resulting
solutions as well as to share their expertise towards the same objective (collaboratively
learning from the end-users, their feedback, and each other).

3 The EUREKA Methodology and Tool

In light of the abovementioned challenges, EUREKA embodies an alternative approach
that could provide guidance and support through a highly synergetic environment
during the analysis of the empirical data captured from the usability studies. These data
represent a collection of multivariate observations, notes and testimonies either in paper
or electronic format as they have been gathered by the note takers during the user
studies sessions. In user research activities like field studies and interviews the analysis
and outcome of the research data is more or less straight forward, since it follows
well-defined processes, methods and templates that enable the classification of the data
into the respective artifacts [16, 17]. Depending on the needs and requirements, a team
might decide to create a e.g., persona, customer journey, activity flow, task analysis,
day-in-life, or use case. However, in usability testing activities the method or tool for
data analysis is not that obvious since it is highly situation-specific, driven by the data
itself, and it reminds rather a clustering approach. The only solid reference point for the
teams are the validation scripts that frequently provide the means for evaluating the
screens and interaction flows of a prototype, application or product based on a few
scenarios and tasks that the end-user has to perform.
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3.1 A Workflow-as-a-Service Methodology for Guided Exploratory
Analysis and Expansive Learning

In this respect, our main concern was to develop a collaborative methodology that
would provide the necessary guidance to the teams to analyze their empirical data but at
the same time would maintain the adequate flexibility to be adapted to its status and
needs; like time constraints that might be imposed during the analysis due to the
development cycles (this is a typical influencing factor for these kinds of user research
activities, especially in the business sector.). In addition, we wanted to build upon a
strong theoretical base that could give us the opportunity to maintain the consistency
across the various process steps, would demonstrate and validate the impact during
execution and would allow room for generalization and multi-applicability (e.g. edu-
cational sector).

Henceforth, we propose an E2E methodological approach that adheres to the
workflow-as-a-service (WaaS) paradigm, for applying guided exploratory analysis [18]
on empirical data gathered from usability studies (of e.g., educational, enterprise
solutions). Unveiling hidden correlations and uncovering significant insights about
empirical data requires a mix of techniques and approaches as well as an analytical
perspective/approach. However, for individuals with limited technical background or
analytical experience, this is often a very complex task, requiring the understanding of
both the available methods and tools but also understanding the process of exploratory
analysis (e.g., drilling down, creating associations, analysing frequencies, recognizing
patterns and trends, etc.). To address this challenge, EUREKA methodology facilitates
a structured yet flexible iterative process that consists of four interrelated phases:
Discover, Learn, Act, and Monitor (see Fig. 1). The theoretical building blocks of this
methodology (and each phase) are described below, in the lens of the following fun-
damental viewpoints.

Fig. 1. The EUREKA information flow overview
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Allow Data to Talk to You. Emphasize on a method that brings the generated data
clusters in the center of analysis that are not visible a priori, through a process of
gradual refinement, avoiding exercising any external influences or constraints with
insufficient practices or biased interpretations (e.g. in a different scenario during data
analysis from interviews, when a team creates a persona that focuses on the e.g.,
pain-points or the needs of end-users from the data sets, then it might guide a result). In
our case, main aim is to produce a number of well-defined sources of truth e.g.,
individual feedback items or comments, which through the various iterations will be
semantically reformed, to make sure that we will not convey abstract meaning but
actionable information regarding an event.

Maintain a Balanced Qualitative and Quantitative Perspective of a Single Piece of
Truth. Quantification of empirical data is always a big challenge in usability research
data analysis due to the fuzziness and subjective views they present. Furthermore,
applying pure algorithmic approaches (like textual analysis) that could provide a result
by approximation and base future decision is not always in favor of project team
members, since most of the times there is contextual information that cannot be cap-
tured or automated and need to be provided by the experts. Hence, a balanced approach
that could support the feedback items on one hand with a calculated figure (e.g.,
frequency of references, percentage of importance, impact levels) but on the other hand
would enable team members to cultivate its meaning and perspective (e.g., observations
like emotional reactions, inferences, references to past experiences, political angles)
would seem a rather beneficial approach for the interpretation of one datum; creating a
more solid and inclusive understanding of its impact.

Diverse (Business) Roles Create a Shared Understanding About the Data at
Hand. Agile development is used quite extensively today for the creation of inno-
vative and effective software, irrespective the domain of application. One of its prin-
ciple characteristics is that requirements and solutions evolve through the collaborative
effort of self-organizing cross-functional teams [19] that consist of different roles and
expertise. Therefore, bridging the gap of various perceptions and roles over the same
collaboration (digital) environment while analyzing and thinking together over specific
data/feedback items (create shared mental models [20]; a basic principle for fruitful
groupwork, strategic planning and decision making) might minimize misunderstand-
ings and errors while at the same time increase performance and success.

Experience-Based Approach for Discovery, Expansive Learning for Innovation.
In line to the previous point, we build on the understanding that data interpretation
primarily relies not only on the quantification of feedback items but also on the human
learning and experience that might be able to fuse an analysis with tactile learning
insights (e.g., success or failure stories, complex contextual connections of data items),
rather improbable to be collected otherwise on time and in the right precision.

Therefore, EUREKA embraces two theoretical perspectives in the core of its
method’s execution: Kolb’s Experiential Learning Theory [5], that is “the process
whereby knowledge results from the combination of grasping and transforming
experience.” To gain genuine knowledge from an experience, the learner must be
willing to be actively involved in the experience and be able to reflect on it, use
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analytical skills to conceptualize the experience and to possess problem solving and
decision making skills so to use the new ideas gained from the experience [21].
A learner typically engages into four stages (as a learning cycle): The concrete expe-
rience (doing – having an experience), reflective observation (reviewing – reflecting on
the experience), abstract conceptualization (concluding – learning from the experi-
ence), and active experimentation (planning – trying out what you have learned). This
approach to learning, with the involved actions, differentiates experiential learning
from others e.g., cognitive or behavioral learning theories that primarily regard sub-
jective experiences as the central measurable object of analysis that is mediated during
a human activity rather than the unique expressions and point of views of individuals
during their actions [22]. Moreover, they emphasize in more linear, rigid paths to
knowledge extraction through acquisition, manipulation and recall functional opera-
tions regarding units of information or abstract symbols. Although, most of the learning
theories present their own strengths and benefits towards learning, there are some
differentiating aspects that in the case of EUREKA method could not be considered as
suitable comparing to the experiential learning theory (see Table 2 for a short overview
of the main theories’ weaknesses from the EUREKA’s standpoint). Central point to
EUREKA’s perspective is that learning is conceived as a process that requires the
resolution of conflicts between two or more dialectically opposing modes of dealing
and adapting to the world, and not in terms of outcomes [5] (as a mere result of external
stimuli or experiences).

Similarly, the third generation of Engeström’s Activity Theory focusing on
Learning by Expanding [6], by which the activity of data analysis “is not self-evident; it
is typically at risk or in crisis, ambiguous, fragmented, and contested. The object is
rediscovered as a result of historical and empirical work of data collection and analysis
with the help of conceptual models by the participants, supported by the
researcher-interventionist”. The main principles of expansive learning adopted in
EUREKA lie on a: (i) Horizontal movement, whereby learning is acquired through the
collaboration, interaction and active reflection between the team members and the
group dynamics that are generated during problem solving and decision making, as
well as (ii) vertical movement, embracing the different backgrounds, motives, experi-
ences, skills, etc., of team members, continuous negotiations are taking place for the
resolution of the resultant contradictions over a feedback item. The gained shared
experience and learning outcome is the product of a transformational process over the
object under investigation that cannot be predicted or articulated outside the given
formation [29]. All the actions (i.e. dialectics) through EUREKA stick to a top-down
approach, from more generic concepts (e.g., abstract feedback items) to more concrete
facts (e.g., actionable items – [30]), aiming to benefit from the knowledge acquired
through the process of discovering and qualitatively modifying initial root-causes and
the imminent transformation, and the resolution of inherent clashes or ambiguities [31].
The underlying forces that influence the aforementioned process principles create a
scenery of expansive learning that evolves through the zone of proximal development
of the (empirical data analysis) activity [32]. The main benefit resonates not only with
the obvious personal development of the subjects but also with the re-conceptualization
of the initial seed of information, acquiring rich interpretations and becoming a pur-
poseful action item.
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3.2 An Intelligent Application for Empirical Data Analysis

The EUREKA methodology could be realized with the use of the proposed tool (or
better framework), that may be decomposed in five different modules (see Fig. 1). It
represents primarily a native tablet application (with a desktop edition) that enables the

Table 2. Main learning theories’ weaknesses in relation to EUREKA compliance.

Main learning theories Weaknesses

Behaviourism
Learning is the acquisition of new behaviours
based on environmental conditions, the use of
instructional cues, practice, and
reinforcement [23, 24]

• Emphasizes on the perspective that a
change of behaviour is a result of
experience that can be measured

• Uses feedback (reinforcement) to modify
behaviour in the desired direction

• Strict linear instructor-learner relationship in
terms of stimuli presentation and passive
response

Cognitivism
Learning process happens inside the human
mind, acquisition of the language, and
internal mental structure [25]

• Focuses solely on the mental activities of
the learner (learning is an internal brain
process), neglecting other factors that may
affect behaviour like individual
experiences, biological structures, chemical
imbalances, etc.

• Instructor triggers opportunities for learning
utilizing the mental processors (and data) of
learners

• It is based and measured on controlled
environments

Constructivism
Humans construct knowledge and meaning
from their experiences and their own
understanding [26, 27]

• Lack of structure, might lead to a
cumbersome learning process for some
individuals

• Learners might not have the ability to form
relationships and abstracts between the
knowledge they possess and the knowledge
they are learning for themselves, leading to
confusion and frustration

• Focuses strictly on self-evaluation of one’s
progress (neglecting the comparison with
other learners), creating in cases a fuzzy
understanding of the actual knowledge units
a learner acquires or at which stages in
learning process might struggle

Social learning
People could learn new behaviours and
information from watching others (a.k.a.
observational learning) [28]

• Main emphasis on the environment as an
influential factor that directs learning of an
individual and his directs, but not on his
own actions

• Not direct consideration of age of
individuals or developmental learning
stages and growth
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real-time collaboration of a project team over a common interface platform, providing
the necessary guidance and support based on the EUREKA methodology described
above; for analyzing, validating, and sharing research outcomes (currently EUREKA
runs as an Excel functional prototype, see Fig. 2). It receives empirical data collected
during the usability testing sessions, with the use of dedicated validation scripts, from
other tools or entered manually and generates an output of transformed semantically
enriched feedback items. Those can be visualized on the intelligent user interface, can
be fused to external platforms or be available as a service on demand. Furthermore,
EUREKA application supports an E2E WaaS process that facilitates an effective col-
laboration, proactive support, knowledge sharing and learnability to the various
transdisciplinary teams that participate in large-scaled projects and have the same
objective: to increase the usability and user experience of user interfaces, applications
and systems to the benefit of the end-users. In this respect, a number of actions could be
recognized: (i) Discussion forums, where project teams can publish/share their research
outcome, lessons learned and discuss related questions and issues; (ii) open source
EUREKA as a service rule framework, where empirical data analysis rules and algo-
rithms can be shared with other platforms (e.g., SAP BUILD –https://sap.build.me),
extended or modified by the network community; (iii) upload EUREKA to the SAP
User Experience Community (experience.sap.com), in order to run usability validation
tests with customers and end-users; and (iv) invite customers for these usability testing
sessions through the SAP Customer Engagement (CEI) initiative.

EUREKA presents an internal consistency regarding its methodological phases and
the modules of its application; facilitating a simple and guided transition from theory to
practice. Below, we briefly describe this relation, the characteristics of the five modules
of EUREKA and their components (currently under development), referring to the

Fig. 2. The EUREKA functional prototype – example views
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main input and output data of each one for a better understanding of their intersection
points:

1. Create understanding of Customers (or end-users), data empathy & clustering
through Guided Exploration (Module 1 – Discover phase). The first module of the
application is composed of two components. The Customers component (I/O:
Profile of end-users/role-fit – generic or on task level) includes the description of the
end-users and any related contextual information important for the team. It also
performs a similarity analysis of the recruiting (expected) vs. the actual user profile
using textual analysis algorithms. Based on the degree of association and the
indicated weights of importance (e.g. specific user characteristics that should have
priority in a user study) the role fit (relevance of end-users to the business role under
investigation) of each end-user is dynamically calculated. This may be achieved in
two levels: (a) General rule fit (background check) and (b) task-based rule fit (to
what extent a task applies to the user role). The second component is the Guided
Exploration (I/O: Raw data from validation script notes/semantic clustering of
feedback items), that is responsible to collect all the feedback items per task and the
related references by the end-users as well as to what extend they need assistance in
order to successfully complete the task (a total success with assistance is calculated
by the application making recommendations of how successful is a task). After the
raw data input (from the validation script notes) and the first iteration of synthesis
and consolidation, the user-by-feedback-item-matrix function is activated
(assigning/calculating a weighted reference to a comment by the end-users based on
their percentage of role fit). At a later stage, lexical analysis and similarity algo-
rithms may be enabled for detecting sentences that are semantically associated or
present a certain degree of similarity, for suggesting possible clustering and opti-
mization (e.g., variable association may be used, like only similarity that is more
than 65% accurate will be considered) to the team turning them into actionable
items.

2. Assigning meaning and get Insightful Recommendations (Module 2 – Learn phase).
The Insightful Recommendations component (I/O: Clusters of feedback
items/recommendations as action items, usability issue, and judgement), at first runs
a set of smart algorithms for semantically analyzing each cluster and suggesting
representative names, associations with screens and use cases based on which a task
has been executed. Accordingly, the team can assign the usability issue type for a
cluster (based on the Usability Problem Taxonomy [33], judge if it is positive,
negative or neutral and indicate the impact it has on the software. Then, EUREKA
app calculates the priority of a cluster (considering the relative importance (the
number of references it has by the end-users and the decision of the team where to
set the boundaries, e.g., all items above 35% of references will be considered
respectively) and the impact on the software) and offers recommendations to the
team how to proceed (e.g., you need definitely to take an action with this feedback
item). In addition, machine learning algorithms run to analyze previous recom-
mendations by the system (i.e. based on usability issue type, relevant importance,
impact on the application, and acceptance by the project team) in order to increase
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the accuracy of the recommendation (e.g. by adjusting the calculation attributes and
cause-effect result).

3. Meet the issues and expand on challenges by making Informed Decisions and
inclusive Wrap up (Module 3 – Act phase). This module is composed of two
components: The Informed Decisions component (I/O: Recommendations/possible
solutions and decision for actions), is responsible to provide the environment so the
team can collaborate for deciding which feedback items need an immediate action
(assign a “Go”) or could be put on hold. Therefore, it needs to make available the
necessary information and setting for registering probable solutions or contextual
information, and easily assign priorities and current status. Additionally, machine
learning and recommender algorithms analyze the current situation (e.g. relation-
ship of cluster recommendation, solution assigned in previous situations) and
provide suggestions for possible solutions per cluster (at the same time they will
receive new input, e.g., accept/reject proposal or newly inserted input by the team,
for increasing the quality of the recommendation). The Wrap Up component (I/O:
Responses on post and summary questions/clusters of responses with weighted
end-users’ references), contains the aftermath of a usability study, i.e. the feedback
items of end-users concerning general impressions, improvement comments, what
did they like more or not, as well as specialized questions by the team regarding
future direction topics. Again, this component clusters the feedback items based on
similarity or semantic associations and provides a weighted end-users reference per
cluster.

4. Deep dive in the Solutions and spot the coverage and viability (Module 4 EUREKA
+ – Act phase). This component, Solutions Area, refers to the EUREKA+ edition of
the application (I/O: Usability issues that have a “Go” and still in progress/coverage
of usability issues from a single solution, actual impact of one solution to the
affected usability issues, solutions viability), and provide the grounds for the project
team to discuss and analyze in more detail the usability issues and the corre-
sponding solutions. Accordingly, the team can indicate for a solution how many
usability issues are affected and to what extent (i.e., percentage), how much effort it
requires and what is the calculated implementation risk for it. EUREKA+ calculates
then total coverage a solution has across the issues and the beneficial impact on
them. This may help the team to make decision which one is more applicable and
needs to be taken into consideration for the next stage of checking its viability. In
this respect, intelligent algorithms classify the solutions of the usability issues based
on the assigned effort and risk to a smart viability matrix (presenting adjustable
central point that can be reconfigured depending on the distribution of the solutions
on the matrix, see Fig. 3) providing insights regarding the likelihood of a proposed
solution to be successful (or to fail) with respect to the estimated timeframe (i.e.,
1 = high to 4 = low). Furthermore, machine learning and recommender algorithms
check for possible associations of the solutions with past usability issues and
backlog items and suggest in which cases they have been used and to what extent
they were positively or negatively influencing an issue or functionality.

5. Keep continuous track and ease reporting with Smart Overview (Module 5 –

Monitor phase). The Smart Overview component (I/O: Real-time data and formulas
result from the other components/data visualizations of empirical research
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outcome), presents the usability testing results using a variety of visually enhanced
cards (see Fig. 2). The main aim of this component, apart from facilitating a quick
overview of the research results, is on one hand to be used as a trigger for the
project teams to perform a guided drill down on the reformulated semantic data
(e.g., applying filters), for prioritizing their actions and decisions (e.g., which items
to tackle first for a specific screen given the results of the analysis), and on the other
hand to enable fast reporting; quick transition from data analysis and documentation
to meaningful reports (e.g., making cards available in any presentation format by
simply capturing them). Furthermore, this component depicts the required assis-
tance level of each end-user by using an assistance heat-mask over the tested screen
flows, by marking gradually more intense those screens that end-users strived more
given the success with assistance protocol.

4 Benefits and Impact from Usability Tests in Real-Life
Business Scenarios

The EUREKA methodology and tool have been currently evaluated internally with
SAP product teams but also with co-innovation customers. More specifically, five
empirical research data analysis workshops have been taken place (with an average of
4 � 3-h sessions each), in different time intervals, analyzing more than 800 feedback
items in total. All the project teams were composed from 3–5 members (in total 19
end-users, 13 male and 6 female) with different roles and specialization satisfying all
the phases of the Design-Led Development process followed in SAP [14]. During these
sessions, we had the chance to make observations regarding the application of EUR-
EKA in these real-life business settings, to conduct small scale interviews and for-
mulate focus groups, in order to collect constructive feedback and the impression of the
participants regarding the usefulness and usability of EUREKA. The results of our
meta-analysis revealed a number of benefits for the teams summarized under the fol-
lowing evaluation criteria:

Fig. 3. Solution viability matrix example
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• Effectiveness: It is a method that facilitates a rigorous discovery of usability prob-
lems, empowering a team to synergetically transform abstract clusters and com-
ments to concrete actionable items. It provides the necessary figures for each finding
supporting any argument or decision. Also, it employs a smart overview component
that steers the gradual extraction of more detailed insights into data for informed
decisions, while at the same time maintains a consistent documentation and allows
easy reporting and monitoring.

• Ease of use: It provides a guided, step-by-step approach, that can easily bring
anyone on board to actively participate in decision making, no matter the back-
ground or technical expertise with data analytics. It has a clear flow and a balanced
presentation of quantitative and qualitative information regarding each task under
investigation, leveraging any generated cognitive overload of team members.

• Ease of learning: The four stepping stones of EUREKA, i.e., discover, learn, act, and
monitor, frame a flexible and modular WaaS approach that can be utilized by teams
depending on their needs and status. It gives the control to teams to define the breadth
and depth of their analysis making its standalone elements easily consumable.
Furthermore, it enhances understanding since it allows the formulation of shared
mental models while teams are collaborating over a single feedback item. At the
same time, it generates a total new experience in the learning process during data
analysis; EUREKA’s theoretical foundations follow grounded learning-theoretical
perspectives like the Experiential Learning Theory and Activity Theory: Learning by
Expanding, where the experiences of team members, their active participation and
reflection is in the center of every action (“learning by doing”) towards formulating
the learning outcomes.

• Applicability: EUREKA constitutes an open framework of smart components/
modules that could add value to existing investments, like SAP BUILD (e.g.
through APIs), that lack its technologies and innovation (e.g. smart empirical data
analysis, recommendations and solutions). It also generates its intelligence as a
service able to be consumed by any platform.

• New Functionality: Intelligent algorithms and techniques contribute at each
methodological step executed through the EUREKA application, simplifying the
empirical data analysis process and enhancing the collaboration and user experience
of the participants. Such algorithms include the assignment of weighted frequency
of references to each feedback item, the formulation of semantically enriched
clusters, recommendation of actions based on priorities and impact, estimation of
solutions viability and coverage of issues, generation of real-time data visualizations
and smart cards.

EUREKA method and tool present some unique qualities at various levels of
realization. Its added value could be regarded in terms of usage and
Return-On-Investment (ROI) as follows: (a) It can enrich current state-of-the-art by
providing a modular approach to usability testing data analysis. It follows an E2E
WaaS paradigm which facilitates knowledge transfer and enables the necessary
openness and flexibility to be adopted in different platforms and scenarios as well as to
the extent that a project team wants and need; and (b) it empowers a high potential for
(early) success for the teams that employ EUREKA, since they can maintain a strong
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relationship between: tasks – feedback items – designs – use cases – usability issue
types – and impact on their system. This holistic understanding and EUREKA’s
flexible methodological approach has a two-fold high ROI. It enables the teams to:
(i) Spot any research or interaction design gaps and pitfalls through an intelligent
process, supported by a structured documentation and smart monitoring of the results.
This means that they can act fast with targeted actions based on informed decisions
about the identified problems, saving unnecessary iterations and costs; and (ii) maintain
an inclusive, consistent and semantically enriched outcome, which “outperforms” the
effort invested for acquiring it; to our knowledge, no other solution today provides such
a return in relation to the effort invested for empirical data analysis of user studies as
EUREKA.

5 Conclusions

This paper discussed EUREKA, an E2E Workflow-as-a-Service methodology and tool
for guiding the analysis of usability testing data. The big amounts of data collected
from usability evaluation sessions create often an overwhelming situation for the teams
which strive to analyze, sort and understand them. The fact that usually these data are
unstructured, incomplete or coming from different sources, discloses a need for a
rigorous methodological approach and an intelligent tool that could guide the process
of their analysis, interpretation and documentation. Today, even though we are wit-
nessing many data extraction methods and tools (either implicitly or explicitly), most of
the efforts that are concentrated on qualitative data analysis present, to our knowledge,
a limited scope and fragmented processing capabilities.

Accordingly, in this paper we proposed an innovative alternative solution in a core
phase of user research i.e., the analysis of empirical data collected from user studies,
conducted for testing the usability, interaction and functionality of software. The
ingredients of EUREKA methodology reside in the fundamental principles of theo-
retical directions, like Kolb’s Experiential Learning Theory whereby knowledge is a
result of a transformational experience and Engeström’s Activity Theory – Learning by
Expanding, that the activity (i.e., data analysis) itself constitutes the medium for
learning and development, through active collaboration, reflection and contradiction,
for building shared knowledge, meaning, and concepts liable to transform any
goal-directed object (i.e., feedback item) to an actionable meaningful item with pur-
pose. On the other hand, EUREKA tool refers to a modular implementation that
encapsulates a consistent transition of the scope and process of EUREKA method into
practice and execution. Main characteristics are the single point of access into a digital
environment that facilitates real-time collaboration, provides smart guidance and sup-
port through intelligent methods and techniques for data analysis, validation, docu-
mentation, presentation and sharing of research outcomes.

EUREKA can benefit project teams in various domains i.e., business or educa-
tional, since it provides an intelligent solution for creating data empathy through a
structured and assistive data analysis guidance. EUREKA allows the data to “talk” to
you, emphasizing on a balanced qualitative and quantitative perspective of feedback
items and clusters of information; a collaborative setting that facilitates understanding

100 P. Germanakos and L. Fichte



through the generation of shared mental models among the various project roles,
expertise and experiences; solutions viability analysis; smart overview and insights via
semantically enriched data visualizations; consistent structured documentation; and
easy reporting and monitoring. Our main concern for the teams is to develop usable and
qualitative software with high ROI (in terms of e.g., coverage, effort, impact) and in
this respect EUREKA provides a holistic but modular Workflow-as-a-Service with
global reach towards that achievement.

Our future work includes, amongst others, the finalization of the detailed evaluation
of the 75 qualified tools and frameworks, and a cross verification of the results with
other experts in the area; the enhancements and formalization of the EUREKA method
specifying in more detail its organizational structure, elements and relationships for
easier understanding and consumption; and the development and evaluation of the
EUREKA tool using latest technologies (e.g., conversational user interface based on
natural language processing capabilities and text analytics for capturing and consoli-
dating feedback items, specialized chat bots that consider the EUREKA methodology
for guiding and assisting team members through the data analysis process, or machine
learning algorithms providing responses to ad-hoc requests like correlations with his-
torical data or other findings) offering the promised innovation, flexibility, consistency
and ease of use.
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