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Abstract

The main goal of this master thesis is to make an overview of contemporary design approaches
that exist for the development of innovative software products and services. The aspect of product
design that is discussed in this work is the user-facing design (aka usability, user experience).
This text does not aim to cover technological, marketing, production, operations or other aspects
of the product development lifecycle.

This analysis provides a general discussion of the creative process of design and introduces the
concept of a “frame” for addressing the main design paradox. It reviews various design ap-
proaches — User Centered Design, Activity Centered Design, Data Driven Design, Systems De-
sign and Genius Design. A framework for assessing and comparing them is introduced to help
the reader evaluate which one would best fit a certain context. The User Centered Design ap-
proach is analysed in greater detail. The document provides a description and comparison of five
main User Centered Design methods — Participatory Design, Contextual Design, Design Think-
ing, Empathic Design and Lead User Method. The structure of the processes for applying them
in new software product or service development is presented. A real-life case study about the
application of Design Thinking at SAP is included to capture the practical aspects of applying

design methods to software projects.
In practice, this analysis can be used:

- As a reference list of options for applying design approaches and methods, specifically for the

purpose of developing innovative software products and services

- To inform a decision which design approach and method would be most effective in a certain

context

- To provide references for further analysis of related aspects — human-computer interaction, user

experience, software development lifecycle, software teams design
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1 Introduction

This master thesis is about design methods, their characteristics and their relevance in specific
contexts with regards to developing innovative software products and services. Developing in-
novative software products and services is an important piece of the whole picture of entrepre-
neurship and innovation in today’s world due to the critical role that the ICT (Information and
Communications Technology) industry plays in business as well as in society. There are multiple
aspects of design — user experience design, technological design (i.e. software architecture and
technology stack), design of the product development lifecycle, organizational design optimized
for innovation, etc. This master thesis focuses on product design with an emphasis of user expe-

rience.

There is extensive literature that describes a specific design approach or a specific design method
or the particular techniques that can be utilized at every stage of a design method application.
However, there is a general lack of literature that puts all of those in one “big picture” represen-
tation. Also some of the methods related to a certain design approach are seemingly very similar
and it is not trivial for a person, who does not have broad experience with any of them, to under-
stand the differences and to figure out in what contexts one would be more effective than the

other.

This master thesis aims to provide an overview of the design approaches, bringing them together
and making a comparison. It then zooms into one of those approaches — UCD (User Centered
Design) and gives a more detailed description of the main design methods available, with some
of the techniques that can be put into action in their application. The goal is to give a description,

classification and references for further research.

1.1 Purpose and Research Questions

In a world where companies’ success and even survival depends on their capability to come up
with and develop innovative products, the topics related to designing those novel products and
services becomes more and more important. This master thesis tackles the following research

questions:

- Which are the ways to approach innovative software products/services development and what
are the specific methods that can be applied?

- How should one decide which approach and methods to use? What are the criteria that one

should take into consideration when choosing an approach and a specific method?



- Should those methods be applied in their purist form or are combinations and/or modifica-
tions of methods appropriate? What is the general practice in the industry?

1.2 Motivation

| got inspired to work on the topic of applying design methods for innovative software products
and services by the experience and pressing challenges that | have in my current role as a Director
of R&D (Research and Development) in Ul (User Interface) at a large software company that
produces software for virtualization, datacenter management and cloud services. My direct area
of involvement is the GUI (Graphical User Interface) of products, which is the part of the product
that drives to a large extent the UX (User Experience) with the product and hence, the level of
customer satisfaction with it. | feel the urge for my team to be able to innovate and drive the GUI
of the product in a direction that will increase adoption and customer satisfaction and | believe
that a good systematic view over the design approaches and design methods available to software
development organizations is crucial for the success of any manager and team in a similar situa-

tion.

1.3 Disposition

The master thesis consists of four charters. In the current charter Introduction I discuss the goal
and focus of the master thesis, define the research questions, touch upon my personal motivation
to investigate this topic and do an introduction into the general problem that design tackles.

The next chapter, Design Approaches for Innovative Software Products and Services, dives into
the topic of the general approaches to the design of software products and services. | discuss five
main directions — UCD (User Centered Design) a.k.a. HCD (Human Centered Design), Activity
Centered Design a.k.a. Usage Centered Design, Data Driven Design, Systems Design and Genius
Design. Lastly, | propose a framework for presenting those design approaches in a uniform and
visual way. | also make an attempt to compare them based on ten criteria, to visually illustrate
the differences among them and to suggest some combinations based on the principle of comple-
menting their strengths for solving a problem.

The chapter Drill-down into User Centered Design Methods zooms into the UCD approach and
focuses on the main and most commonly used design methods. It provides a description of five
major design methods — Participatory Design, Contextual Design, Design Thinking, Empathic
Design and the Lead User Method. The process of applying each of the methods as well as the

main assumptions and important considerations are described.



In the chapter Error! Reference source not found. | refer to several examples of application of
esign methods at well known, industry-leading companies and discuss the issue of purist versus
adapted design methods that those companies apply to facilitate their own innovation process as

well as the innovation process of their ecosystems.

1.4 General Discussion of Design Challenges

In the last years terms like “Design Thinking” have gained broad popularity and have become
overused and overloaded to such an extent, that some advocate against using the term “Design
Thinking” at all. In order to overcome the risk of putting too vague definition of the design do-
main, it makes sense to start with a general discussion of the design challenges. Discussing those
challenges and the design reasoning process will help us define the basic design problem as well

as the high level process of coming up with solutions.

One way to look at the design reasoning process is to put in the context of formal logic (Dorst,
2011). In formal logic we use the basic equation Equation 1: Basic Equation of Formal Logic to

analyze different settings of knowns and unknowns:

Equation 1: Basic Equation of Formal Logic
WHAT (thing) + HOW (principle) = RESULT (observed)

In deduction we have the ‘what’ (object, service, system) and the ‘how’ (operating principle) as
a known and we are able to deduct or predict what the ‘result’ would be, so the basic equation

transforms to the one presented in Equation 2: Deduction Equation.

Equation 2: Deduction Equation
WHAT (thing) + HOW (principle) = ?

For example having a system of a sailing boat, sea and certain wind conditions, by knowing how
the boat is operated and how it interacts with the wind conditions, we can predict where the boat

would be in a given point in time.

In induction we have as a given the ‘what’ (object, service, system) and the ‘result’ and we can
induce or suggest what the ‘how’ (the working principle that when applied to the WHAT pro-
duces the RESULT) might be. The basic equation transforms to the one presented in Equation 3:

Induction Equation.

Equation 3: Induction Equation
WHAT (thing) + ? = RESULT (observed)



Through induction we come up with a hypothesis of a working principle that could explain the
observed behavior. For example having a sailing boat and observing its movement at sea, we can
induce some working principles of how the boat is operated and interacts with the wind. This is

a creative act and is core to scientific “discovery”. It explains how hypotheses are formed.

The basic equation in design is similar, but focuses on the aspired value rather than the result, as
shown in Equation 4: Basic Design Equation.

Equation 4: Basic Design Equation
WHAT (thing) + HOW (principle) = VALUE (aspired)

The basic reasoning pattern in productive thinking is abduction (Dorst, 2011). Abduction 1 is to
have the ‘how’ and the ‘value’, but to be missing the ‘what’ (service, system). It is related to

conventional, “closed” design problem solving. It is represented by Equation 5: Abduction 1.

Equation 5: Abduction 1
? + HOW (principle) = VALUE (aspired)

In contrast, in Abduction 2 at the start of the problem solving process we only know the value
we want to achieve, but we don’t know ‘what’ to create (service, system) and we don’t know
what ‘working principle’ to use. This is more related to conceptual design and is represented by
Equation 6: Abduction 2

Equation 6: Abduction 2
? +? = VALUE (aspired)

The response to Abduction 2 is the development or adoption of a “frame”. A frame is the general
implication that by applying a certain working principle, we will create a specific value. The term
“framing” is used within design literature for the creation of a (novel) standpoint from which a
problematic situation can be tackled. The concept of framing implies that IF we look at the prob-
lem situation from this viewpoint and adopt the working principle associated with this position,
THEN we will create the value we are striving for. In solving the parallel creation of a thing and
its way of working, the most logical way is to start backwards, from the only “known” in the

equation — the value and then to adopt or develop a frame.

Deduction and induction are used in analysis, Abduction 1 is used in conventional problem solv-
ing, while Abduction 2 is used in design. The creation and use of frames is inherently related to
Abduction 2. Frame creation is done not necessarily by addressing the core design paradox head-

on, but by looking at the broader problem situation and searching for surrounding themes that



can foster the creation of new frames. In later analysis of design methods we will see how the

use of frames is applied in solving particularly novel and complex design problems.

2 Design Approaches for Innovative Software Products and Ser-
vices

In order to give focus to our analysis of design methods, we are going to look more specifically
at the UX or ‘usability’ aspect of design and put an emphasis on usability. According to
(1S09241-11, 1998) ‘usability’ is defined as the "extent to which a product can be used by spec-
ified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified
context of use.” The system itself is the object (WHAT), while the UX of a product or services
IS a representation of the “working principle” (HOW) of a system. The goal of the designer is to
make sure the designed system with its UX achieve the aspired VALUE.

A simple way to test usability of a product or service by (Rubin & Chisnell, 2008) is to check
whether “the user can do what he or she wants to do, the way he or she expects to be able to do
it, without hindrance, hesitation, or questions.” According to (Rubin & Chisnell, 2008) usability

objectives are:

- Usefulness — the extent to which the product/service enables the user to achieve their goals,

and an assessment of the user’s willingness to use the product at all.

- Efficiency — a measurement of how quickly the user’s goals can be accomplished accurately

and completely (usually measured by measuring time)

- Effectiveness — a measure of the extent to which the product behavior matches the user’s

expectations and how easy it is for the user to use the product to achieve their intents

- Learnability - user's ability to operate the system to some defined level of competence after
some predetermined period of training (which can also be zero training). Also, refers to ability

for infrequent users to re-learn the system.

- Satisfaction (likeability) — captures user's perceptions, feelings and opinions of the product,

usually captured through both written and oral communication.

Various UX literature sources suggest different approaches to designing a software product or
service. There are five main approaches that have significant importance: UCD (User Centered
Design) aka HCD (Human Centered Design). Activity Centered Design aka Usage Centered De-

sign, Data Driven design, Systems Design and Genius Design.

Each of the design approaches is discussed in detail in the following sections of this charter.
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2.1 User Centered Design (aka Human Centered Design) process

One of the widely discussed problems of innovation, especially in the area of ICT where innova-
tion is often driven by technology push rather than market pull, is the risk that the product will
only match the needs of a handful of people. This gap between the world of designers and users
(Muller, 2002) is what UCD attempts to fill in by involving end users heavily during the whole
product development process and especially in the fuzzy front-end of designing novel products
and services. UCD puts the user in the center and focuses on user’s needs and goals. The de-
signer’s role is to translate them in an appropriate design. Because of this UCD is good when
designers are working in domains that are unfamiliar to them. As the core concept is empathy
with users and the center of focus is on people using the product, the risk of not meeting their
needs or creating an un-usable product is to a great extent mitigated.

Per (1IS09242-210, 2010) “Ergonomics of human-system interaction: Human-centered design for

interactive systems”, there are 6 principles of UCD:

The design is based upon an explicit understanding of users, tasks and environments

Users are involved throughout design and development

- The design is driven and refined by user-centered evaluation

- The process is iterative

- The design addresses the whole user experience

- The design team includes multidisciplinary skills and perspectives

Of course UCD is not a “one size fits all” solution to bringing in usability into a product or
service. Even though it heavily involves users in the design and development of products and
thus ensures that their voice is incorporated into the design, one must take into consideration that
it is often hard for people to generate and even evaluate new product ideas. An illustration of this
is Henry Ford’s famous quote “If | had asked people what they wanted, they would have said

faster horses.” Also identifying the “right” users might be a challenge.

Core analysis tools used in User Centered Design are: personas, scenarios and user stories/use

cases.

Personas are fictional characters that represent a group of users. “An imaginative description of

a user archetype which is based on the real research and observations”

Scenarios “describe how a product or a system would be used by personas in the real life”.

Scenarios include information about goals, motivations, actions and reactions.
6



User story/use case is a simple template for one single goal that the user wants to achieve with
the product.

Interestingly criticism to the UCD method comes from sources like Donald Norman, one of the
gurus in the field of usability, design and cognitive science, and one of the pillars of UCD.
(Norman D. A., 2005) had a very controversial article on the shortcomings of UCD and why
Activity Centered Design (which we discuss in the next section) is superior. Norman questions
the corollary of UCD that technology should adapt to people, rather than people adapting to tech-
nology. He gives numerous examples of products that were not designed with the principles of
UCD in mind, but are nevertheless used by billions of people of different background, education
and skills in a common way (e.g. the automobile and multiple everyday objects like cameras,
typewriters, sporting equipment, kitchen utensils, watches and clocks). He advocates for the idea
that the reason why all those devices work so well is the fact that they were designed with a deep
understanding of the activities they were meant to help be performed. His belief is that successful
devices are the ones that fit gracefully into the activity that they are designed to support. In a later
clarification to that article ( (Norman D. A., 2005) elaborates on the “limited view of design” that
UCD has developed due to focusing on “page-by-page, screen-by-screen analysis” and largely
ignoring user activities in their entirety. He advocates that the focus should be less on personas
and scenarios and more on designing for activities, focusing on tasks, building task flows and
especially designing for negative scenarios, thinking about what happens when the user goes out
of the “happy path”. The core controversy seems to be that “7o the Human-Centered Design
community, the tool should be invisible, it should not get in the way. With Activity-Centered De-

sign, the tool is the way.”

2.2 Activity Centered Design (a.k.a. Usage Centered Design)

Usage Centered Design is a term coined by software developer and Professor Larry Constan-
tine and Lucy Lockwood that focuses on user intentions and usage patterns. It is very similar to
activity-centered design (ACD), which is also concerned more with the activities of users but not

the characteristics of users.

ACD analyzes users in terms of the roles they play in relation to systems and employs abstract
use cases or task analysis. It derives visual and interaction design from abstract prototypes based
on the understanding of user roles and task cases (Constantine & Lockwood, 1999). This design
philosophy explores what people do, without focusing on people themselves per se, which dif-

ferentiates this approach to User Centered Design.


http://en.wikipedia.org/wiki/Larry_Constantine
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ACD is largely based on formal, abstract models such as models of interaction between user
roles, UML workflow models and task case and role profiles. Using abstract modelling is a key
differentiator with UCD where designers use realistic personas, scenarios and high-fidelity pro-
totypes. (Constantine, Human Activity Modeling: Toward A Pragmatic Integration of Activity
Theory and Usage-Centered Design, 2009). The major differences with UCD are described in
Table 1: Comparison between UCD and ACD

Table 1: Comparison between UCD and ACD

Focus is on users: user experience and user Focus is on usage: improved tools supporting

S EEETIEl tasks accomplishment

Driven by user input Driven by models and modeling

Substantial user involvement (user studies, Selective user involvement (explorative mod-
participatory design, user feedback, user test-

ing)
Design by iterative prototyping Design by modeling

eling, model validation, usability inspections)

Highly varied, informal, or unspecified pro- Systematic, fully specified process
cesses

Design by trial-and-error, evolution Design by engineering

The characteristics discussed above make ACD good for intense, focused, complex activities;

refining task flows; making actions more efficient.

As a highly systematic process, there is a conceptual procedure for applying ACD. Procedures
may vary between different methods that fall into the broad ACD category, but all of them follow
a common conceptual workflow. The workflow has a few preliminary steps in which business
and user goals are defined, anticipated features and capabilities are identified and prioritized,
risks and open questions are defined and rough role models and task models are built. Those
preliminary steps are followed by (potentially) multiple iterations during which a subset of the
role and task models are worked out in further detail, navigational architecture is defined, visual,
interaction and aesthetic design schemes are created, Ul design is created for selected interaction
contexts and portions of the Ul are programmed and implemented. The workflow is described in
Figure 1: Conceptual procedure for applying ACD process.
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Figure 1: Conceptual procedure for applying ACD process

Essential Purpose &
Preconception

Exploratory Modelling

l Iterations

During the Essential Purpose and Preconception definition step the main goal is to define the

user goals and assume key features and capabilities of the system. Key stakeholders (managers,
users, developers) should be involved in framing the purposes of the application from the busi-
ness perspective and from the point of view of external users. Business and user goals can be

prioritized, however they are treated as a wish list at this point and not as finalized requirements.

During the Exploratory Modeling step the team aims to identify questions, ambiguities, and

risks. This is done by sketching out rough versions of roles and tasks models that will be devel-

® Business and user purposes
* Preconceptions of features, content, capabilities

e Questions, ambiguities, risks
® Rough versions of roles and tasks models

* Role modelling

e Task modelling

e Task clustering, navigation architecture
e Design, visual and interaction scheme
 Abstract prototyping

e Design

e Construction

oped in more refined form later. The goal is to reveal missing information.

After the preliminary steps described above, multiple Iterations are run to get to a complete

product. During each iteration the following activities take place:

- Role modeling — during the first iteration all user roles are identified and prioritized. Then

an initially targeted subset is selected to work out the next steps with. During following iter-

ations, role models are reviewed and revised if necessary, and a next subset is selected.

- Task modeling — during the first iteration an inventory of all tasks is built, they are prioritized

and an initial subset of tasks is selected. In each subsequent iteration, a new subset of tasks is

selected and worked out.

- Task clustering — during the first iteration all tasks are grouped by affinity and a draft of the

overall navigation architecture is created. The navigation architecture specifies how the



overall Ul is organized into interaction contexts, collections, and groups, how these are pre-
sented to users, and how users navigate among these. For example the navigation architecture
might specify that parts of the Ul will be organized in tabbed notebooks, each tabbed note-
book has an action bar at the top, which gives the user access to different actions on the data
presented within the tabbed notebook, data represented in each tabbed notebook is organized
in a “master-details” mode, etc. During following iterations the navigation architecture is re-

vised as necessary.

Design — during the first iteration a draft of the visual and interaction scheme is created.
The visual and interaction scheme is a sort of an abstract style guide. It briefly describes the
recurrent visual elements that will be used throughout the design as well as the common lay-
outs, visual arrangements and templates that apply to various interaction contexts. For exam-
ple, the schema might specify a basic layout grid with a modified tree-view in the left-most
column for primary navigation and a set of view controls across the top for secondary navi-
gation. At a more detailed level it might specify that a distinct color should identify all edita-
ble fields, which can be edited in place by double clicking. In later iterations the visual and

interaction scheme is revised and refined.

Abstract prototyping — during this step a content model is developed for selected interaction
contexts that support selected subset of tasks. In each iteration a new portion of tasks is se-
lected.

Detailed design — during this step a detailed Ul design for selected interaction contexts is
defined

Construction — during this step designed portions of user interface are programmed into a
working product.

2.3 Data Driven Design

In DDD (Data Driven Design) designers are creators of options for users and users are sources

of behavioral data. The focus is on options that are preferred by users. DDD is good for existing

designs, incremental improvements, fine-tuning. It is not good for “big picture” re-thinking. The

key to applying DDD is gathering data and applying data to inform future design decisions.

One of the popular approaches to data gathering and feed-back into the design is A/B testing.

A/B testing is a randomized experiment with 2 variants, A and B (Kohavi & Longbotham, 2015).

The A and B options are the control and the treatment in a ‘controlled experiment’ i.e. a setting

where the focus is on one key variable of interest and all other aspects are kept the same. The use

10



of control helps eliminate experimental error and experimental bias. For example, in testing a
drug on animals, the animals are split in two groups. The drug is only given to one group. Both
groups are kept under exactly the same conditions so that any consequence of the drug on the
animals can be attributed specifically to the drug, rather than an unrelated other characteristics of

the environment.

In the development of software products or services A/B testing is used to compare two options
for a (user experience) design, where often one of the options — the control option is the current
design and the treatment is a proposed future design. As an example A/B testing can be used in
web design to compare the effectiveness of two designs according to a specific variable of inter-
est.

The first step in conducting an A/B test is identifying the variable. For a web site it can be any-
thing from conversion rate (in SaaS web apps where users originally sign up for a trial with the
goal to be converted to paying customers), session time, click rate (for news and media web sites
which want users to click on ads or sign up for paid subscriptions). It is important that the two
options are shown to similar users at the same time in order to eliminate other variables impacting
the results. The option that performs better against the selected variable is selected as the future
option to show to all users. For example if a certain design proves through A/B testing to generate
more conversions than the current design, it is selected as the future design.

Examples of large companies applying A/B testing to online services are: Amazon using A/B
testing for evaluation new home page designs, moving features around, testing new recommen-
dation algorithms, changing search relevance rankings (Kohavi R. a., 2004), Google for making
data-driven decisions on Ul design and algorithms (Tang, Agarwal, Meyer, & Deirdre, 2010) and
Microsoft for testing innovations and new designs at multiple sites (Kohavi R. C., 2009).

At its heart A/B testing is a quantitative method (as it captures success metrics for alternatives,
without providing any insight on why the results are as they are) as well as behavioral method
(as it reflects users’ behavior). There are multiple sources of data — analytics, A/B tests, surveys,
intercepts, benchmarks, scores of usability tests, etc. that are similar in nature. However most of
those provide numeric, big data (where the quantity is pervasive). In order to make sense of the
guantitative data, we need to understand its qualitative characteristics (Pavliscak, 2015). Another
way to look at the quantitative vs qualitative data problem is to explore the difference between
’thin’ data and ‘thick’ data (Krenchel & Madsbjerg, 2014). ‘Thick’ data is rich, contextualized
information that you get by knowing the motivations, background knowledge of people when
they take actions, in order to understand causality. ‘Thin’ data is data generated by capturing

11



traces of user actions and behaviors — what they clicked, how much time they spent, what they
bought. It can be collected by devices (phone GPS, health wearables data, cookies in a browser,
etc). It is most useful when the party making the experiment has a high degree of familiarity with
the context in which the observed actions or behavior makes sense or when they are able to im-

agine and reconstruct the motivations for user actions.
There are common misconceptions about DDD (Pavliscak, 2015):

- The myth that ‘thin’ data is enough - actually adding ‘thick’ data to the mix is key to under-

standing what is going on.

- The myth that data (especially big data) is objective truth - actually there are common biases
that apply when analyzing and interpreting big data — bias of the researcher, bias of the one
sponsoring/initiating the research. Also the environment of gathering the data can influence
the data — e.g. user studies often put the user in an environment that is different than their

natural environment — like in the case of usability labs.

- The myth that just the size and velocity of the data is important — while taking into consider-
ation the variety of the data and building valid categories to further track and investigate gives

a more realistic understanding of the data

- The myth that the purpose of data is to prove hypothesis — while it is more about discovering
patterns and trends and (iteratively) improving

- The myth that data kills innovation as it is backward looking, not suggesting of future trends,
tactical rather than strategic and in many cases it seems to just skim the surface and not re-
vealing of motivations, expectations, perceptions and emotions — while the key thing is how

data is used, having in mind that most of those characteristics are indeed true

- The myth that there is a specific “right” way to use data to inform design — while the inter-
pretation of data and the application of the gathered insights is what drives the useful (or

harmful) application of data.

An online podcast talk between O’Reilly’s director of market research Roger Magoulas and Ar-
ianna McClain, a senior design researcher at IDEO, provides a powerful example about story
telling through data and illustrates a human-centered approach to DDD (McClain, 2015). The
podcast is about how IDEO brings quantitative and qualitative data together. Arianna tells her
own story of getting into data — starting during the time she was getting her PhD and was in her
first biostatistics epidemiology class, in which she had to deal with an enormous government

dataset that would cause her computer to crash whenever she tried analyzing it. She explains the
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IDEO approach which is to stay human centered during their data journey. When the IDEO team
works on projects, they use a lot of interviews in the initial stages when they need to design
questions to ask people in order to gather big quantitative data. Also when analyzing data and
once they have segmented data, they try to find representatives of those segments to understand
better the nuances behind the segments. She told about a project for designing financial services
where there were 2 segments — young entrepreneurs and seasoned business owners. If the team
had taken the approach to just look at the quantitative data they would have ignored the seasoned
business owners. However by combining the quantitative data with some qualitative data (inter-
views with some of those seasoned business owners) they were able to identify “hacks” that those
business owners were using and the IDEO team was able to design for those hacks. Her conclu-
sion is that quantitative and qualitative metrics are very interdependent — quantitative is mean-
ingless without qualitative, but at the same time if you are only designing based on qualitative

research, you are not understanding at scale what those insights mean.

Another example is revealed in a case study about Google actually going away or at least lower-
ing the priority of DDD, which seems more suitable for incremental improvements and more into
alternative design approaches that are more suitable for radical innovation, in the 10X “moon
shots” style of Larry Page (Bohn & Hamburger, 2013) . The case study presents the journey that
Google made in the years after 2011 from a company that makes strictly data-driven decisions
about UX design to a designer-driven design decisions. The emphasis is on the role that Google
CEO as of 2011 and co-founder Larry Page played into transforming the design approach at
Google. They start off by mentioning the anecdotic fame that Google had about relying strongly
on A/B testing to do some incremental improvements like the “41 shades of blue for links”
(Divine, 2009). Jamie Divine, an ex-design-lead at Google shares thoughts on Google’s approach
to using data in driving design decisions - “data eventually becomes a crutch for every decision,
paralyzing the company and preventing it from making any daring design decisions.” He con-
cludes “I’m thankful for the opportunity I had to work at Google. I learned more than I thought I
would. ... But I won’t miss a design philosophy that lives or dies strictly by the sword of data”.
The case study then describes a more recent change in direction that Larry Page started when he
took full control as a CEO in 2011, which led to multiple nice examples of consistent, good

looking apps that Google released after 2011 — YouTube, Google +, Gmail, Maps, etc.

2.4 Systems Design

In Systems Design the focus is on the components of a system. Users set the goals of the system.
Designers make sure all the parts are in place. Systems design is good for large scale designs,
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design of systems of systems. It is applicable when a large team is tasked with designing a com-
plex system and it is not a good fit for small projects. It is very analytical in nature.

The system can be more than a software product or service and even more than a computer sys-
tem. It can involve people, devices, machines and objects. The complexity of system can range
widely. The focus is on the context in which the design problem exists, which is also the context
in which the system will be used. Systems design does honor user goals, through translating them

into system’s goals, but the role of the user themselves is de-emphasized. (Saffer, 2006).

The main components of the Systems Design are defined at the high level as a sensor, comparator,
and actuator. The context of a system is called “environment” and it is very important to be able
to draw the border between the “system” and the “environment” clearly. A conceptual system is

presented in Figure 2: Conceptual Components of a System (Saffer, 2006)

Figure 2: Conceptual Components of a System
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A classic example of a system is the heating system of a house. The goal of the system is to
maintain a certain temperature at the house. The system goal is derived from user goals and de-
scribes the relationship between the system and the environment. The environment is the con-

text, the surroundings in which the system “lives”. In the example with the heating system of a
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house the environment is the house. The sensor is a thermostat with a thermometer that is able
to detect changes in the environment, in this case temperature changes. Changes in the environ-
ment themselves are called “disturbances” and can be expected (i.e. in expected range) or unex-
pected (i.e. in an unexpected range). The comparator is the element of the system that is respon-
sible for comparing the current state of the environment against the goal. Every difference be-
tween the current state and the desired state is considered an error that needs to be addressed. The
comparator can be a simple computer that compares the information about the environment com-
ing from the sensor (i.e. the current temperature) against the goal (i.e. the desired temperature).
The actuator is the component of the system that is responsible for making changes to the envi-
ronment. It gets a command from the comparator, whenever the comparator identifies a discrep-
ancy between the input coming from the sensor and the goal. In our example, the actuator is the
boiler — the heating system unit that makes heat. Controls are mechanisms for making changes

to the system (not to the environment) — e.g. setting the desired temperature as a goal.

The main questions to ask, when applying a systems design approach are (Dubberly, 2006):
- For this situation, what is the system?

- What is the environment?

- What goal does the system have in relation to its environment?

- What is the feedback loop by which the system corrects its actions?

- How does the system measure whether it has achieved its goal?

- Who defines the system, environment and goal and who monitors it?

- What resources does the system have for maintaining the relationship it desires?

- Are the resources sufficient to meet the system's purpose?

Systems design is suitable when tackling complex problems and can be an overkill in designing
simple systems by solo designers. By setting a predefined set of components of a system, it pro-

vides a very structured and analytical design methodology.

2.5 Genius Design

Genius Design focuses on the skill and wisdom of the designer. Users are a source of validation
(often via usability testing). Designer is the source of inspiration. Genius Design is suitable for
rapid projects and gives a possibility to get a “purer” vision for the product and opens a possibility
for aradial jump. However it should be used by experienced designers and requires lots of domain

knowledge. This design can be drastically wrong as well.
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Genius Design is an approach which relies heavily on the talent and decisions of the designer.
This does not come to say that it ignores users. However it does not directly involve users in the
design process, but rather than that relies on the designer’s understanding of user wants and
needs. This design approach works best with experienced designers, who have a lot of past pro-
jects to draw from. Sometimes it can be helpful if the designer qualifies as a user as well. However
there is a caveat related to the fact that the designer has much deeper knowledge of the internal
workings of the system than end users will have and thus they can fall into the trap of neglecting

the need to create a mental model for the end users. (Saffer, 2006)

An example of Genius Design practice is Apple, where most of the new products are designed
without the involvement of users. There are positive and negative examples, where the iPod is
on the positive side, while the Newton, one of Apple’s first handheld devices, is a negative ex-

ample, measured by products’ success on the market place.

The advantages of Genius Design compared to other approaches is that it is easy, fast and flexible.
It enables designers to follow their instincts and innovate more freely. However the excessive
reliance on designer skills can turn into a drawback when the designer lacks experience or just

has the wrong instinct.

2.6 Comparison of Design Approaches

Based on the above descriptions of the main characteristics of design approaches, we now want
to put a more systematic view of them. Getting back to the Purpose and Research Questions, we
have already started answering the question “Which are the ways to approach innovative software
products/services development and what are the specific methods that can be applied?” At this
point we have only looked into general approaches and we will further expand the answer to this
question in the next section Drill-down into User Centered Design Methods. Our next step would
be to make an attempt at answering the question “How should one decide which approach and
methods to use? What are the criteria that one should take into consideration when choosing an

approach and a specific method?”

In this chapter, we introduce a proposal for a framework for comparing the five main design
approaches. We define 10 different criteria and we build a “profile” of the design approaches
based on those criteria. For the sake of simplicity, we assume that all criteria have equal weight
and a relatively equal contribution to defining the “profile” or the “visual representation” of a

design approach.
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In the first step, we define the criteria. Taking into consideration the main characteristics of de-
sign approaches and what really identifies them, one can conclude that the following criteria are

the “Top 10” important differentiators:

- Explicit involvement of users (no involvement -> heavy involvement) — or to what extent
the design team directly involves end users into the design process. One extreme is the Genius
Design approach, where a lack of any involvement of users is acceptable as the focus is on
the talent, insight and creativity of the designer. At the other extreme are the User Centered
Design and the Activity Centered Design approaches, where users are directly involved not

only as validators of designs, but in the “fuzzy front end” of the creative process.

- Time of involvement of users (never -> early involvement) — or when (if at all) end users
are involved in the creative process. The continuum ranges from “never” to capture cases
where the user is not a required participant in the creative process, goes through medium
values such as “users are involved in late stages as validators of design” and gets to early user

involvement.

- Designer role (translator of input -> creator) — this criteria captures the creative responsibility

of the designer with regards to being a “sole creator” of the design and concepts

- Level of complexity (low -> high) — measures the potential of the design approach to cover
complex systems, or produce changes that have non-trivial impact to the user experience

- Process (sequential -> iterative) — this criteria measures the nature of the process, which can

be linear/sequential as one extreme or based on iterations and feedback loops

- UX coverage (partial -> holistic) — is the extent to which the design approach covers fully

the interaction of the user with the system in the problem domain

- Level of formalism (informal/experimental -> abstract/systematic) — differentiates design

approaches by the level of systematic approach and formalized structure to the process

- Innovation potential (incremental -> radical) — is the ability of the design approach to lead

to a radical innovation as opposed to producing incremental improvements or changes

- Data orientation (quantitative -> qualitative) — measures whether the data gathered during

the process of applying the design approach is quantitative as opposed to qualitative.

- Risk of "getting it wrong" (low -> high) — looks at the risk for the design approach to pro-
duce results which will not be successful on the marketplace due to not taking into consider-

ations users’ actual and perceived needs.
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In our next step, we use the above criteria, and assess each approach against each of the criteria.
Table 2: Ratings of Design Approaches against the Criteria presents the ratings of all design

approaches against the criteria.

Table 2: Ratings of Design Approaches against the Criteria

1. Explicit involvement of users 10 10 1 1 1
(no involvement -> heavy involvement)

2. Time of involvement of users 10 10 10 3 1
(never -> early involvement)

3. Designer role 5 8 3 10 10
(translator of input -> creator)

4. Level of complexity 5 10 1 10 5
(low -> high)

5. Process 8 8 5 1 1
(sequential -> iterative)

6. UX coverage 8 10 1 10 10
(partial -> holistic)

7. Level of formalism 5 10 1 10 1
(informal/experimental -> abstract/systematic)

8. Innovation potential 10 10 1 8 8
(incremental -> radical)

9. Data orientation 10 10 1 5 5
(quantitative -> qualitative)

10. Risk of "getting it wrong" 3 5 1 1 10
(low -> high)

Our next step is to use those ratings and create a “profile” or a “visual representation” of each
design approach. Such representation will help us then to do further analysis, by visually com-
paring the design approaches and exploring some interesting patterns and outcomes. Such a com-
mon and uniform representation helps us bring the design approaches into one “big picture”
where one can clearly see their differences and identify possible combinations that complement
each other.The following figure presents visually the “character” of User Centered Design ap-

proach.
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Figure 3: UCD "Profile"
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As visible in the figure, User Centered Design is an approach that is very heavy on explicit and
early involvement of users, where the designer role is more to translate user input rather than be
a “sole creator”, where the process is very iterative, holistic, and experimental and takes into
consideration qualitative data, thus minimizing the risk of low user acceptance. It has a low level
of formalism and a rather complete coverage of the user experience. However the role of the
designer is not too emphasized — designers are mostly translators of user needs. Furthermore the
level of complexity of interactions that this design approach handles is not extreme.

Figure 4: ACD "Profile™ visually describes the characteristics of the Activity Centered Design
approach — one that does not only involve users heavily and early, but is more systematic and
formal, gives more creative pressure to the designer compared to UCD, looks even more holisti-
cally at the UX than UCD and has qualitative data orientation and a great innovation potential.

Figure 4: ACD "Profile"
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A visual comparison between the two approaches described above (UCD and ACD) makes an
obvious take away (Figure 5: Comparison between UCD and ACD): ACD is a more complete
method that is not alternative to UCD, but adds some important characteristics (more holistic

view through the additional focus on activities and formal and systematic process).

Figure 5: Comparison between UCD and ACD
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Moving on to the Data Driven Design, another interesting outcome is revealed by Figure 6: DDD
"Profile”: Data Driven Design is very light on almost all of the criteria. It is very quantitative,
does not have a potential to generate radical innovation, and involves users in a very indirect way
(through collecting quantitative data about their behavior without explaining their motivations or
emotions). Being based on “cold facts”, it eliminates the risk for making a wrong decision, espe-
cially about the local/isolated characteristics of the product being explored. However it does not

help much in understanding the “big picture” or envisioning a radically new product.

Figure 6: DDD ""Profile™
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Figure 7: Comparison between UCD and DDD demonstrates the limitations of the Data Driven
Design approach, compared to User Centered Approach.

Figure 7: Comparison between UCD and DDD
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Figure 8: System Design "Profile™ shows the characteristics of the Systems Design approach.
Given that it is most applicable for designing “systems of systems”, when the level of complexity
is very high and it is highly formal and systemic, the “inclination” towards criteria like “designer
role”, “level of complexity”, “holistic coverage” and “level of formalism” is very heavy as op-
posed to almost no inclination towards involvement of users.

Figure 8: System Design "'Profile™
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Another “outlier” that is very heavy on some criteria (e.g. innovation potential, emphasis on the
role of the designer, potential for handling extremely complex interaction) and very light on other
criteria (e.g. explicit involvement of users, level of formalism, data orientation or iterative pro-

cess) is Genius Design, which “profile” is visualized in Figure 9: Genius Design "Profile".

Figure 9: Genius Design ""Profile"
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In answer to the third question in the Purpose and Research Questions section, one can use the
visualization to explore some interesting opportunities for combining methods to fully cover the
criteria. For example, a comparison between User Centered Design and Genius Design reveals
that a combination of them can be very powerful to explore all dimensions of the design task —

as illustrated by Figure 10: Comparison between UCD and Genius Design.

Figure 10: Comparison between UCD and Genius Design
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Finally, Figure 11: The "Big Picture" of Design Approaches is an attempt at bringing all design

approaches together in a dashboard-style view.

Figure 11: The "Big Picture™ of Design Approaches
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3 Drill-down into User Centered Design Methods

One discussion of different ways to apply UCD makes an interesting analogy with dancing done
by dancing partners (designers and users), where in each dancing move one of the partners moves
towards the other. Similarly to how dancing moves are combined and used together to form a
dance, those design steps are not exclusive, they can be combined and used together. (Steen,
Kuijt-Evers, & Klok, 2007) The following “dancing moves” are most often used in UCD: Partic-
ipatory Design, Contextual Design, Design Thinking, Empathic Design and Lead User Method.

Those “design moves” are further discussed in the following sections.

3.1 Participatory Design

Participatory Design has its roots in the early 1970, in Norway, when the industrial workplace
was getting extensively computerized. Members of the Iron and Metalworkers trade unions ad-
vocated in favor of enabling workers to have bigger influence on the design and introduction of
computer systems into the workplace. The process of introducing Participatory Design had polit-
ical and democratizing effect. A special national codetermination agreement was founded to em-
phasize on the rights of unions to participate in the design and deployment of new workplace
technology. (Winograd, 1996)
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An example of a practical application of the Participatory Design technique is the UTOPIA pro-
ject, which was jointly conceived by the Swedish and Danish researchers and the Nordic Graphic
Workers’ Union. The project end goal was designing a computer based toolset for graphic work-
ers. The approach toward designing those was one of keeping control over process and methods
with the skilled graphic workers, while enabling computer assistance for page makeup and image
processing for newspapers.

The design philosophy, which was called internally “perspective” as described by Pelle Ehn, a
primary participant in the UTOPIA: “The tool perspective was deeply influenced by the way the
design of tools takes place within traditional crafts... new computer-based tools should be de-
signed as an extension of the traditional practical understanding of tools and materials used
within a given craft of profession. Design must therefore be carried out by the common efforts of
skilled, experienced users and design professionals. Users possess the needed practical under-
standing but lack insight into new technical possibilities. The designer must understand the spe-
cific labor process that uses a tool. ” Ehn, 1992, p. 112, cited by (Winograd, 1996)”

Due to the complexity and tacit-ness of the context, novel ways of working together among the
designers and the graphic designers had to be invented, in order to foster communication, mutual

understanding and learning from each other.

“Requirement specifications and systems descriptions based on information from interviews
were not very successful. Improvements came when we made joint visits to interesting plants,
trade shows, and vendors and had discussions with other users; when we dedicated considerably
more time to learning from each other, designers from graphics workers and graphics workers
from designers; when we started to use design-by-doing methods and descriptions such as mock-
ups and work organization games; and when we started to understand and use traditional tools

as a design ideal for computer-based tools.” Ehn, 1992, p. 117, cited by (Winograd, 1996).

While Participatory Design was gaining popularity and companies were realizing the importance
of designing with the user rather than just designing for the user, Participatory Design researchers
have created a variety of techniques to facilitate the communication of new technology possibil-
ities to domain experts (craftsmen) and to help them get a feel of what it would be like to work
with an envisioned system. Such techniques include low-fidelity and high-fidelity mock-ups and

role plays.

Originally the Participatory Design movement proclaimed that user involvement is heavy on all
dimensions, which could be used to measure user participation: directness of interaction, length

of involvement during the design process, scope in the overall system and degree of control over
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design decisions. This was largely due to the fact that Participatory Design was an embodiment
of industrial democracy. However, recently and specifically in the development of software prod-

ucts, user involvement may not be that high in all of the dimensions.

3.2 Contextual Design

Contextual design is a UCD process, which provides structure and guidance throughout the whole
process of designing a product or service. It shares some techniques with Participatory Design,
but has different characteristics. It provides guidance how to gather user data in the field, how to
interpret and aggregate this data, how to prototype product or service concepts and how to test
them with users. At the core of the Contextual Design philosophy is understanding users’ intents,
desires and drivers and this is achieved through going out in the field, observing and talking to
users. (Holtzblatt & Beyer, 2014)

Contextual Design is based on several disciplines — anthropology, psychology and design and is
primarily used in designing computer information and IT systems. Parts of it have been used as
field usability evaluation method (Mcdonald, 2006). Contextual Design has been applied to a

variety of IT systems, including learning tools and technologies (Notess, 2005).
Contextual Design is based on a set of key principles which define its use as a design tool:

Principlel: System design must support and extend users’ work practice. This principle is
based on the belief that in order for a product or service to be easily understood, accepted, used
and valued, it needs to be explicitly designed to support and extend its users’ work practice. If it
is not designed this way it will cause frustration, dissatisfactions and users will work around it.
The meaning of “work practice” is somewhat broad and relates to the set of attitudes, behaviors,
goals and intents that characterize a set of users in a particular environment. It is not necessarily
related to “work™ and can be associated with life practices like driving, buying, playing music,

communicating with other people, etc.

Principle 2: People are experts in their work practice. However they are not able to articu-
late their work practice. This principle states that a major part of the knowledge that people
apply in their workspace is tacit i.e. they are not consciously aware of it. Furthermore, there are
a lot of seemingly unimportant details, workarounds, coping strategies associated with work prac-
tice that are actually very useful for systems design. Even though proficient in their everyday
jobs, because of the tacit nature of their knowledge, people are unable to articulate all aspects of

their work practice, especially when taken out of the context. This is where the main concept of
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going into the field, into users natural context comes from and what drives the “Contextual” part

of the name of the Contextual Design technique.

Principle 3: Good design involves users’ participation. This is also the core principle of the
user centered design approach in general. The Contextual Design approach calls for not just ob-
serving users in the context of their work practice, but also actively involving them in discussions,
analysis and reflection of their values, intents and practices. The interview process itself does not
use formal methods like surveys and advance prepared questionnaires. It resembles the master-
apprentice relationship, where the interviewers strives to gain a deep understanding of the work
process. The initial phase of gathering data is not the only point where users are actively involved.
They also actively participate in the later phase of paper prototypes and short iterations on coming

up with detailed designs.

Principle 4: Good design is systemic. This principle reflects the understanding that cohesiveness
and consistency of design are key as design impacts the user through its entirety. The design of
a mobile operating system carries certain visual characteristics and capabilities through all appli-
cations; the design of all elements of a car interior is driven by the same aesthetic and functional
requirements; etc. The different artefacts in the Contextual Design process ensure coherence at
different levels — the Vision ensures coherence of high-level direction, the User Environment
Design ensures structural coherence, the storyboards ensure coherence at task level. This princi-
ple encourages designers to look holistically at the system design, rather than solving its different

aspects as independent problems.

Principle 5: Design depends on explicit representations. This principle mandates the use of
explicit, physical, tangible representations of ideas. Each technique in the Contextual Design
process is associated with certain artefacts that facilitate doing the work, capturing the results and

sharing and discussing with others.

The Conceptual Design process is associated with multiple steps broadly grouped into two phases
— the phase of defining requirements and solutions and the phase of defining and validating con-
cepts. The steps in the phase of defining requirements and solutions helps characterize what cus-
tomers do (i.e. what is important to them) and envisioning new ideas and direction. Customers
are a broader group than end users, who directly use the product or service. Customers also in-
clude indirect users, managers of users, providers of funds, etc. The focus with Contextual Design
is mainly on end users. The overall Contextual Design process is described in Figure 12: Con-

textual Design Process.
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Figure 12: Contextual Design Process
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The first step in defining requirements and solutions is talking with specific users in the filed
a.k.a. Contextual Inquiry. The Contextual Inquiry is an extremely important step to understand
who the end users really are and what how they work on a day-to-day basis. This is done through
asking questions about what the user is doing and why they do it as they are being observed doing
it. It is not a questionnaire that is fixed and defined in advance. This inquiry process done in the
field, or in the context of the user work practice is followed by a Team Interpretation step. The
Team Interpretation session is where the cross-functional design team gets together to go through
the inquiry results and distill the learning and insights. Everyone in the team is encouraged to
share their interpretation of the data and the possible product, technical, marketing implications.
This is how the design team builds a shared understanding of the users’ world. Once the insights
and learning have been discussed, they have to be captured in Work Models. Work models are
formal descriptions of the work process through different perspectives by using diagrams. Dif-
ferent types of work models capture different aspects of the process. The Flow Model captures
the coordination among individuals to achieve a goal. It reveals formal and informal groups,
patterns, roles and responsibilities. An example flow model of the work of a developer lead is
shown in Figure 13: Example of a Flow Model in Contextual Design.
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Figure 13: Example of a Flow Model in Contextual Design
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The Cultural Model captures culture and policy aspects that limit how work is done and also
depicts workarounds to those limitations that users apply. The constraints that a developer meets

are described in Figure 14: Example of a Cultural Model in Contextual Design.

Figure 14: Example of a Cultural Model in Contextual Design
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The Sequence Model captures the sequence of tasks that users do to accomplish their goals. It
also captures different strategies as well as possible issues getting in the way (as described in

Figure 15: Example of a Sequence Model in Contextual Design).

Figure 15: Example of a Sequence Model in Contextual Design
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The Physical Model describes the physical environment in which users perform their work and

how it is organized (see the following figure).

Figure 16: Example of a Physical Design in Contextual Design
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Finally, the Artifact Model shows the various artifacts that are created and used during the users’
work practice. The artifacts reveal the concepts related to the users’ work. An Artifact Model is

presented in Figure 17: Example of an Artifact Model in Contextual Design.

Figure 17: Example of an Artifact Model in Contextual Design
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After different model diagrams have been constructed for individual users, two aggregations of
the data are built: Consolidated Work Models and an Affinity Diagram. The consolidated work
models are built through bringing together the different instances of each type of work model
build for different users. The affinity diagram is a wall-sized hierarchical diagram that reveals
the full scope of the problem. Another artifact of the process is Personas that are created using
contextual data to create a more live image of the user. The caveat with Personas is that they
need to be built with very rich data in order to be useful. If they are not based on rich data, they

can be misleading.

All of the steps described above were related to gathering, consolidating, representing
data about users and their work practice gathered in the field. Once all this is done, comes the
design response to all this data — the Visioning step. During the visioning step, once the problem
has been understood well, the focus of the design teams moves to defining solutions, using tech-
nology and business process design to make the work practice more effective and efficient. The
vision is a high level description of a new work practice that sets a general direction without
aiming to flesh out details. It enables the team to grasp the overall structure and direction of the

solution and to continue working out the details in a consistent and cohesive way.

Contextual Inquiry and Visioning are related to gathering data and defining problems and solu-
tions. The next phase is Defining and Validating Concepts. They take the vision as the basis

for the new system and transform it from a high-level direction to a detailed description of the
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desired behavior, function and structure. The first step in this phase is the Storyboarding step.
Storyboards are descriptions of how users will accomplish a specific task in the new system. It
outlines the steps that the user and the system take as well as links between users or between
multiple systems. Storyboards capture the individual tasks flow and ensure coherence between

tasks, as described in Figure 18: Example of Storyboards in Contextual Design.

Figure 18: Example of Storyboards in Contextual Design
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The User Environment Design captures the overall structure of the system and ensures that the
system supports a natural flow of work (example in Figure 19: Example of User Environment
Design in Contextual Design). It puts all parts of the system together, the functionality/capabili-
ties each part provides and explains how the user navigates between parts of the system. The User

Environment Design is not bound to any particular user interface design.

Figure 19: Example of User Environment Design in Contextual Design
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As the Storyboards and the User Environment Design outline the design of the new system, be-
fore going to detailed designs or implementation, the generated solution needs to be tested with
users. Testing needs to be cheap and quick to allow for multiple iterations to get to a detailed

design.

The testing within Contextual Design is done through using Paper Prototypes. Paper prototypes
are rough mockups of the system, produced with paper and pen, to describe the user interface of
the system (as the example in Figure 20: Example of a Paper Prototype in Contextual Design
suggests). Those are used again on user premises, to test the workings of the new system with
actual users. Users use the prototypes as if they were a live system and uncover issues and gaps.
Whenever such are identified, the design team works together with the user to redesign the expe-
rience. This is done to make sure that the user voice is heard best, especially when there are
differences of opinions among design team members. Multiple iterations can be done with paper
prototypes before the design is considered done and designers move on to sorting out the details
of the design of the user interface.

Figure 20: Example of a Paper Prototype in Contextual Design

|

In a nutshell the Contextual Design method helps put structure in the initial phases of the design
process, which is also the most creative and unstructured. It provides methods for understanding
better users’ work practice by observing and inquiring them in their natural context, consolidating
the data, extracting learning and insights, representing them through various perspectives, com-
ing up with a vision and solutions, creating structural and interaction design and testing those

with users before going into implementation.
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3.3 Design Thinking

Design Thinking is an approach that is so widely discussed in various fields (business process
modelling, product development, service design) that has caused the term to be overloaded. For
the sake of this analysis, we will refer to Design Thinking as the creative process of solving non-
linear problems, where the analytical approach would not be effective. This creative process in-
volves a specific skillset: both convergent and divergent thinking, prototyping and iteration, user
research that is ethnographic and qualitative. This is opposed to analytical, quantitative, statistical

methods.

Types of problems: (Treverton, 2007) claims there are two types of problems — puzzles and
mysteries. Puzzles are problems that are easily solved if a particular piece of data is available.
Mysteries however are more complex — data might be available, even too much data might be
available, but that would not guarantee a solution to the problem as it involves an assessment of
uncertainty. In a similar vein, (Liedtka, King, & Bennett, 2013) refers to the popular definition
of a “tame” problem, analogous to the (Treverton, 2007) definition of a “puzzle” and a “wicked”
problem that corresponds to the (Treverton, 2007) mystery. Tame problems are problems where
there is a general agreement about the definition of a problem. There is usually relevant data
available, a cause-effect relationship can be determined and we can successfully use liner pro-
cessing with existing data to come up with a solution. In wicked problems, however, those con-
ditions are not met. Often the stakeholders involved can’t even agree on the definition of the
problem nor on the solution. There may be abundance of data, but it is not clear whether or how
any of it is relevant. The situation is often so fluid and complex that one cannot determine cause
and effect. The way to check the validity of a solution is to try it out in practice. Wicked problems
are human-centered. With wicked problems usually a deep understanding of people/users is re-
quired, while with tame problems a few people are involved in the problem definition or the
solution. Wicked problems have a much lower level of agreement on the definition of the problem
and a much lower level of confidence that the right problem is being solved than tame problems.
Also with wicked problems the level of likelihood that past data could help predict the future is

much lower than with tame problems.

Left-brain thinking vs right-brain thinking: Design Thinking is also associated with “right-
brain” thinking, which is related to perceiving things as a whole, simultaneously, seeing the “big
picture” as opposed to “left-brain” thinking which is sequential and analytical. (Pink, 2006) talks
about the increasing importance of developing “right brain” skills and how the future will be

driven by “right-brain” people. The idea in short is that as the left-brain skills are sequential,
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analytical, linear they can be automated by computer algorithms, or outsources wherever the costs
are lowest or replaced by more advanced tools. However right-brain skills are more holistic, cre-
ative, non-linear and “symphonic” and those are becoming the key differentiators in the business

world today and going forward.

Design Thinking as a mindset: Design Thinking is considered not just a technique or a prescrip-
tion of how to approach the creative part of the product/service development process, it is con-
sidered a manifestation of a specific mindset. A “learning” mindset that “promoters” (i.c. people
who are motivated by aiming towards an envisioned future) exhibit. It is opposed to a “fixed”
mindset that “preventers” (i.e. people who are motivated by preventing presumably “bad” things
from happening) exhibit. It is a representation of a culture of fail-fast-to-succeed-soon attitude
where small bets are done often, a lot of experimentation happens and the course is changed
frequently to pivot through a dynamic and fluid environment. It is also a “solution-based” ap-
proach, as opposed to a “problem-based” approach. A solution-based approach to tackling a prob-
lem is one that attacks the envisioned future state, possibly simultaneously in multiple ways,
rather than relying on de-constructing and analyzing the characteristics of the problem in order

to get to a solution.
The attributes associated with~ Design Thinking are:

Ambiguity — this is related to the nature of the problems themselves (wicked or mystery prob-
lems) as well as to the possible solutions. During ideation no judgement is being exercised in
order to prevent from the fear of failure to prevent from exploring a potentially novel and bold

solution. “Out of the box” or non-traditional, wild ideas are welcome.

Collaborative — “everyone is a designer” is one of the strong beliefs in the process. People work

in cross-disciplinary teams, end-users are directly involved in multiple stages of the process.

Curiosity — “learning mindset” is a key prerequisite to the success of the process. Fresh look on

things, acceptance and willingness to understand things are unknown.

Holistic — paying a great deal of attention to the context. A lot of diligence is put to ensure the
problem or goal at hand is not too narrowly defined.

Iterative — Design Thinking is not a linear process, but different steps can be done in parallel and

revisited and repeated multiple times.

Tangible — “show rather than tell” approach when it comes to possible solutions.
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The stages of the design thinking process are defined slightly differently between authors, but
still there are consistent general phases and a set of steps in each phase. (Liedtka, King, &
Bennett, 2013) Define 5 stages of the Design Thinking process.

Defining the problem — this is the stage when the problem statement is identified, the scope of
the project is defined and a “design brief” is stated. Gavin Ambrose and Paul Harris also call this

the “definition” stage in their book “Design Thinking”.

Asking the “What is” question — this is the stage when the current situation is being analyzed.
User research is done through ethnographical methods (observing and talking to users in their
natural context), insights are extracted from this research and a design criteria is established to
serve for validity checks for solutions. (Ambrose & Harris, 2009) refer to this stage as the “Re-

search” stage.

Asking the “What if” question — this is the stage when the problem is re-framed in a way that
triggers creative thinking and concepts, ideas and solutions start to emerge through different tech-
niques like brain storming and co-creation. Those ideas and concepts are captured in a very rough,
throw-away prototypes. (Ambrose & Harris, 2009) split this stage to “Ideation” and “Prototyp-
ing”.

Asking the “What wows” question — this is the stage when a selection process is run and the
list of generated solutions is shortened to several that meet the design criteria and would be later

tested with actual users. (Ambrose & Harris, 2009) call this “selection” and “implementation”.

Asking the “What works” question — this is the stage when one or several prototypes are tested
in the marketplace and learning from the process is done to inform and improve future applica-

tions of the Design Thinking process. (Ambrose & Harris, 2009) call this the “learning” stage.

After getting into a certain stage, previous, earlier executed stages can be revisited and iterations
can be run.

A specific example of applying the Design Thinking method at SAP Labs is provided later on in
the Case Study of Applying Design Thinking at SAP section of this research. It is based

on a live interview with a Design Coach at SAP Labs, who describes the application of the method

in a project for optimizing POS (Point of Sale) process at retail stores.

3.4 Empathic Design

According to (Leonard & Rayport, 1997) the core of emphatic design is observation (how cus-

tomers use products or services) that is conducted in the customer’s own environment, in the
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course of normal routines. Empathic Design is a way to identify (potentially critical) customer
needs.

Traditional research models rarely lead to truly novel product concepts because of multiple rea-

Sons:

- Sometimes customers are so accustomed to given conditions that it doesn’t even occur to
them to ask for a new solution, even if they have needs that can be addressed, because they

don’t know it is feasible

- Often when there is inconvenience arising from the use of a product, customers tend to come
up with workarounds and later on they become so used to using those workarounds that they
forget the inconvenience that caused them to think of a workaround in the first place

- Natural bias of the respondent to standard market surveys to please the inquirer by providing
expected answers, inclination to not reveal practices that they suspect might be deemed inap-

propriate
- Natural bias of the inquirer that they bring in inadvertently, but inevitably

- The natural paradox of standard research practices (interviews, surveys, focus groups) be-
tween the aim for quantitative results and the need to have open ended questions in order to

fully capture the customer context.

Similarly to other UCD methods, Empathic Design involves observation of users in their natural

physical environment.

The types of information that observation methods applied in labs can generate are - how easy/dif-
ficult it is for the user to work with the product, do they seem confused at any point, do they need
to fall back to the product manual or is the product design self-explanatory, what are the unspoken

assumptions that they apply when interacting with the product.
The types of information that can be generated through Empathic Design are:

- Triggers of use or the circumstances under which customers choose to use the product or ser-
vice. If those do not fully match the expected circumstances or motivation, there might be an
opportunity for innovation, product re-design or even entering completely new markets. Exam-

ples: using spray-on cooking oil for the bottom of lawn mowers.

- Interactions with the user’s environment or how the product fits into the user’s individual

systems. Example — through observing first-time use of its personal finance management product
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Quicken, the company Intuit discovered that owners of small businesses were using the product
to run their business finances. This is something that could not be observed in a usability lab.

- User customization or how the customers re-design or tweak the product to better serve their

own needs. Sometimes users combine several existing products to solve a specific need.

- Intangible attributes of a product or attributes that cannot be easily identified in a survey, but
can bear a strong emotional charge. Example — environmentally friendly disks that clean clothes

without detergent cannot gain a wide adoption due to the lack of “clean-clothes smell”.

- Unarticulated user needs or problems that users meet in using products or services that they
don’t recognize as problems or don’t articulate as they don’t think those can be addressed. The
combination of a designer who is also a user of a product can be very powerful as the same person

combines unarticulated user needs with the knowledge how to fulfill those needs.

The process of Empathic Design consists of five steps described in Figure 21: Empathic Design

process.

Figure 21: Empathic Design process
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The challenge in the Observation phase is to identify who should be observed, who the observer
should be and what should be observed. Who should be observed? It is not necessary that the
person being observed is the customer. It may be that the person who should be observed is a
customer of the customer, or a non-customer or even a group of people who collectively fulfill a
task. Who should do the observation? There are multiple factors that can influence the infor-

mation that an observer extracts from a situation — education, training, natural inclination. Thus
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different observers observing the same situation may extract very different information from it.
As people tend to focus on different aspects in a situation, the recommendation is to send out a
small team of multi-functional specialists, where at least one member has experience in behav-
ioral observation and at least one member should possess a deep understanding of the client com-
pany’s organizational capabilities. The skills that are crucial to team members of an observation
team are: open-mindedness, curiosity and observational skills. What behaviour should be ob-
served? The key requirement is to observe activities in their natural form and context, as opposed

to the artificial setting of a user laboratory or focus group.

Observation doesn’t only make sense in the physical world, but also in the cyber-space as more
and more tasks and transactions are done online. An example of online observation is a software
vendor tracking which products are downloaded and installed and how those are used. Observa-
tion in the cyber-space can be very efficient as many people can be “observed” simultaneously.
Also virtual discussion boards offer an easy way to get insight onto customers’ feedback about a
product and information about how the product is used and critiqued. However the techniques of
Empathic Design do not translate directly from the physical world to the virtual world. The ability
to gather lots and lots of data quickly does not automatically mean a true “observation”. The
Empathic Design philosophy is that data represents behaviour and to characterize consumers’
behaviour based on data, a lot of analysis and reflection is required that cannot be fully automated.

In the Capturing Data phase data is gathered through observation rather than answers to ques-
tions. Sometimes open questions may be used to help the observer interpret user’s actions, but
most of the times data is gathered through visual, audible and sensory cues. Photography and
videotaping are often used tools by observation team members as they capture subtle body cues
(e.g. facial expressions showing surprise or confusion while attempting an action, spatial config-
urations, even things that the observing team doesn’t notice while onsite). The key points in em-
phasizing on observation rather than inquiry are: people are often bad reporters of their own
behavior; people tend to give answers that they think are right or desired; people are less likely
to recall feelings about the intangible characteristics of a product or service while not in the pro-
cess of using it; people stop noticing inefficiencies or inadequacies in the products they use after
some time of using them; questions can be biased by the inquirer inner assumptions; questioning

interrupts the natural flow of the user activities.
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In the Reflection and Analysis stage of the Empathic Design process, possible users’ problems
and needs are identified and analysed. This stage involves not only the observation team mem-
bers, but also other colleagues, who make their opinions only based on the data in front of them.

This data consists of observers’ notes, photos, videos, etc.

The next stage in the process is the Brainstorming and Solutions stage. This is the process
through which analysed observations are transformed into graphic, visual representations of pos-
sible solutions. Brainstorming is simultaneously a creative process and one that is guided by clear
rules: defer judgement, build on ideas of others, hold one conversation at a time, stay focused on

the topic and encourage wild ideas.

Finally, in the Developing Prototypes stage prototypes are used to illustrate how possible solu-
tions should look, function and be used. Prototypes enable the concept to be presented to other
people outside the team in an understandable form. They are very concrete and as such can foster
discussion and stimulate reaction from possible customers. Another practical form for testing a
concept are simulations which may have a different level of techie-ness.

At the end of the day Empathic Design is about ideas still being guided by users, just in a way

that users don’t really realize.

3.5 Lead User Method

The Lead User Method was originally defined by Eric von Hippel in 1986 ( (Hippel, 1994). He
questioned the basic assumption that product innovations are usually developed by product man-
ufacturers and presented a series of studies where the sources of innovation vary greatly and in

some fields most of the innovations are actually done by users or suppliers.

Von Hippel’s definition of a lead user has two components. Firstly those are users who experience
an unsatisfied need that will be relevant in the general market place as well, maybe just years
later. The important component here is the relevance of the need to other users as well. This is
not always true with user innovation as innovating users are usually only concerned with satisfy-
ing their own need, rather than the needs of other users. On the opposite, manufacturers are al-
ways concerned with having a large market for their products. Secondly, lead users are users who
would benefit substantially from obtaining a solution to their needs. This is the motivation that

drives them to invest efforts and funds into finding a solution themselves.
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One of the great benefits of the Lead User Method for designing new products is its potential to
minimize the risk of failure in the marketplace that is a major issue with new product develop-
ment. This results from the core definition of Lead Users and more specifically the requirement

for relevance in the marketplace.

The steps in a lead user project (with a special focus on applying the Lead User Method in SMES)
have been described in a wiki developed as part of the “Open Innovation Project” (http://openin-

novationproject.co.uk/). The underlying assumption in describing the steps is the willingness to

lower the required methodical skills to apply the method as well as to lower the costs associated

with applying the method in order to make it affordable to SMEs.
Phase 1: Preparation of the Lead User project

This phase starts with the Lead User Project Planning step. This steps is done by the project
planning team, which has to combine sufficient marketing and technical knowledge that different
team members bring to the table. In this step the project planning team first has to prepare the
project plan, which defines the focus of the lead user study. The focus includes product or service
area of interest, overall project objectives and resource requirements. The project/service of in-
terest are defined together with the general types of markets and product/service application. The
overall project objectives are the specific deliverables and goals of the project (what are the ques-
tions we want to get answers to, what is the market impact we want the innovation to get us or in

general — how we will know the project is successful).

What follows is the Selection of the Lead User Research team step. In this step a team of 3-4
members is selected to deliver the research. This is a small enough group to be able to quickly
move forward as a team, but also not too small that different perspectives would be lost. Having
also a team that is strongly diversified by expertise and perspective can contribute to the creative
process. Expertise in a specific area should be preferred over expertise in the area of research (as
the acquisition costs of general area expertise is greater than the acquisition costs of expertise in
the specific domain). The team members should also be able to think creatively, be open minded
and accepting of new approaches and different perspectives from theirs and team players who

would facilitate the joint creative process.

The last step of the initial preparation phase is the Preparing the Lead User Research team
step. In this step the team gathers information, clarifies the expected outcomes, gets grounded in
the project and creates a user research plan.

Phase 2: Identifying Trends and Key User Needs
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In this phase the team does a deep investigation of the market trends and focuses on emerging
needs of users in the target markets.

The first step is the Trend Identification step. Trends can be identified through talking to market
experts or following recent publications. While identifying trends the team tries to predict their
likely impact on market needs for new products and services. Once those are defined, the team
focuses on a specific user need area that they want to see addressed.

In order to identify emerging needs, the team has to interview relevant stakeholders with the
purpose of Identifying Lead Users. In order to identify lead users, the team contacts experts and
key users and uses specific techniques to get them help the team identify other users, who can
potentially turn out to be lead users. One of the widely used approaches is the pyramiding ap-
proach. It is based on the principle of social recommendation. The basic assumption in the pyr-
amiding approach is that people who have a strong interest into a certain area of knowledge are
likely to know other people who know more than them about the area and look up to them for
information. In the pyramiding approach a search for a user who has a certain knowledge or
expertise starts with the virtual social network on the Lead User Research Team themselves. In
the next step, every stakeholder who is being interviewed by the Lead User Research Team is
asked for a recommendation of another stakeholder who would know more about the subject.
This is a technique to expand the virtual social network. This process continues until the trend of
new recommendations starts to go down. Once the social network is traversed, the interviewed
users are clustered to identify which of them qualify to be Lead Users. (Figure from

http://leaduserhandbook.eu/index.php?title=Leaduserhandbook.eu/Exploring Ma-

jor Trends and Emerging Needs/ldentification of Lead Users)
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Abilitv of a
person
(e.z. product-
knowledge)

o
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(e.g_ field of
application)

The pyramiding approach is based on a structured way of looking at how expertise in a certain
field is spread across the population. (Figure adapted from Churcill and E. von Hippel, 2009,
“Lead User Project Handbook — A Practical Guide for Lead User Project Teams”, Cambridge,
MIT Press)

A few top people who have an intense

Levell concentration of knowledge in their field
People who have good general knowledge in
Level 2 their field and who may know level 1 experts

of lead users

Many people who know something about a
field and may know where to find higher level
experts

Level 3

This approach is preferred to other, more standard, “scanning” approaches that are based on the
principle of collecting information from each interviewee in order to determine the individuals

who have the most advanced knowledge, for its much greater efficiency.

Once Lead Users have been identified, those are interviewed. Interviewing Lead Users is a key

step in the phase of identifying key user needs. Through Lead User interviews, the Lead User
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Research Team can gain insights into emerging needs (as Lead Users experience those), design
hints and new product direction (as Lead Users usually are motivated to be at the “bleeding edge”
of technology in order to be able to address their unsatisfied needs themselves) and of course
ideas on how to locate further experts and lead users (as they tend to have rich personal networks

with experts that can help them meet their needs).

After Lead Users have been interviewed, the key step of Framing an Important User/Customer
Trend is executed. This step involves assessment, creative interpretation and a careful combina-
tion of the market trend information gathered in previous steps. The goal is to select and clearly
define a specific user need that will be the focus of concept generation. This includes a selection
of target user group, a clear need statement that captures the essence of the need, and the key
attributes of the need that the new product/service will address. In the process of the need framing,
it is important that first each team member presents their perspective first, then a group discussion
takes place where the team members try to combine the information presented, possible needs
framings are created. A sanity check is then done whether the identified trend and need meet the
success criteria of the project — e.g. does a solution of those have the potential to bring market
results to the project goals in the first phase of the project and more specifically in the step of

setting project objectives as part of the Lead User Project Planning step.

Once the possible need framings have been assessed in the context of the project success criteria,

one or two promising need framings are selected.

This phase of the flow of applying the Lead User Method is not linear. The listed activities are

done in iterations and repeated multiple times.

The next and final phase of the Lead User Design Method is the Developing New Product Con-
cepts Phase. The goal of this phase is to use the needs framing done in the previous phase as
well as the identified possible solutions and come up with a strong product or service concept. A
core activity in this phase is the Lead User Workshop — a several days long event, in which lead
users, experts and the project team come together to do intensive design and problem solving
together. The result of the design workshop is a comprehensive product or service proposal which
can be then put for review and approval. The focus of the workshop can be to complete prelimi-
nary solution concepts identified in the previous phase, or to solve a specific design or imple-
mentation problem in the context of identified product or service concept. It is important to set a
clear and specific goal for the workshop, make sure that it can be realistically achieved in the
time period (usually 2-3 days) and make sure it matches the attendees skills and expertise. The
participants are usually not more than 15-18 people, including the lead users, experts and research
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team members. Once the workshop is conducted and a written statement of the improved prod-

uct/service concept is prepared, this phase is considered complete.

The final phase of a Lead User Project is the Completion Phase. During this phase the developed
product/service concept is presented to management, its relevance is tested (e.g. by running it by
a small group of users in the target user group) and further adjustments are made (as the user
need is emerging and will become really pressing only in a future moment in time, users may not
be able to grasp the benefits of the proposed solution). The process of presenting and approving
product/service proposals is very specific to the specific company environment, hence is outside
of the focus of the Lead User Method itself.

3.6 User Centered Design Methods “At a Glance” Comparison

The above commentary described several design methods that fall into the broader category of
UCD. Those methods share multiple characteristics that classify them in the common UCD cat-
egory, but also have differences. Looking back at the Design Approaches for Innovative Software
Products and Services section, there are “top ten” characteristics we chose to describe the general
design approaches: involvement of users, time of involvement of users, designer role, level of
complexity, process, UX coverage, level of formalism, innovation potential, data orientation, risk
of "getting it wrong". The design methods we reviewed share similar “ratings” per those charac-

teristics and exhibit the same “design profile”

- Explicit involvement of users — most of the described methods have heavy involvement of
users into the entire design process. A common belief that all of them incorporate is that
design should be done ‘with’ the user, not just ‘for’ the user. However there are different
motivations for this intense involvement. In some cases (e.g. Participatory Design), the mo-
tivation is industrial democratization of the process of increased introduction of computerized
systems in all areas of design and production, while in other cases (e.g. Lead User Method),
the motivation is to tap into a pool of problems and solutions that some users experience that
would be relevant (at a later time) to multiple users in the market place. Also some methods
(e.g. Empathic Design) do not involve users in the stages of interpretation and analysis or

solutions generation.

- Time of involvement of users — all of the described methods involve users very early, in the
“fuzzy front-end” of the innovation process. Users actively participate in the solution problem
definition process as well as in re-framing the problem and generation and validation of pos-

sible solutions.
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Designer role - in all of the reviewed methods the designer is more a “translator of input”
rather than a “creator”, whose efforts are mostly a “black box” to the outside world. This does
not come to question the level of “creativity” in the process, but rather to emphasize on co-

creation as the primary means to get to a solution, as opposed to “genius talent”.

Level of complexity — in all design methods described, the level of complexity that can be
solved is low to medium. These methods (in their narrow sense) do not provide a comprehen-
sive framework for solving a particularly complex workflow optimization problems, as op-
posed to more formalized methods like Activity Centered Design (Constantine, Human
Activity Modeling: Toward A Pragmatic Integration of Activity Theory and Usage-Centered
Design, 2009) and Systems Design (Saffer, 2006).

Process — all of the described methods have certain front-end steps and then employ iterations
to eventually work out a complete, viable and valid solution. Table 3: UCD Process Phases
in Different UCD Design Methods below provides an attempt to map the different stages in
the reviewed design methods to common, “conceptual” phases in the UCD process. The user
identification step is very similar among Participatory Design, Contextual Design, Design
Thinking and Empathic Design and can potentially involve any user who will directly benefit
from the end solution. The main requirement towards users is that they are domain experts in
what they do. They do not need to have the skills to elaborate their domain knowledge, in fact
most of the methods assume that people are not good at elaborating (or sometimes even real-
izing) their needs. The process of identifying users in the Lead User Methods is more complex
as the requirement for domain expertise is not sufficient. Lead Users should be ones who
experience a need that is rather unique at the moment, but has the potential to be experienced
by many other users in the future. They should have strong enough motivation to pursue and
invest in a solution and should be open about sharing their solution. The observation step in
most cases involves the application of ethnographic methods of user research i.e. observing
users in their natural context of operation, with a different level of emphasis of observation
vs inquiry. The outlier in this phase is the Lead User Method as no real observation is involved
- users are interviewed instead. In Lead User Method this step is to a large extent merged with
the interpretation step. The interpretation step is similar in concept among methods. Spe-
cific tools or artefacts may vary — e.g. in the Contextual Design, a set of models are created
that represent certain aspects of the problem space (e.g. flow model, cultural model, sequence

model, etc.) and a “storyboarding” is used to present the “whole picture”.
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Table 3: UCD Process Phases in Different UCD Design Methods

Conceptual
Phases

Problem Defi-
nition

Users
Identification

Observation

Interpretation

(Re)Framing

Solution/ldea
Generation

Prototyping

Validation

Participatory
Design
Initial definition

of the goal

Identify domain
experts, open to
learning about
new technology
to support the
process.

Visits to plants,
trade shows and
vendors. Dis-
cussions and
mutual learning
between design-
ers and users.

No specific
techniques in
referenced liter-
ature

N/A

The goal is to
support the ex-
isting work
practice with
new, computer-
ized tools

Driven by exist-
ing tools as the
“ideal” for com-
puter-based
tools

Low-fidel-
ity/High-fidelity
mockups

Role plays

Based on proto-
types

Contextual
Design
Initial definition

of the goal

Identify domain
experts

Contextual In-
quiry (a strictly
defined form of
ethnographic
fieldwork)

Work Models -
Flow Model,
Cultural Model,
Sequence

Model, Physical

Design, Artifact
Model

Affinity Dia-
gram

Explicit - done
during the Vi-
sioning step.

Create story-
boards to de-
scribe ideas.

Story boards

User environ-
ment design

Low-fidelity pa-

per prototypes

Based on proto-
types
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Design
Thinking
Initial defini-
tion of the
goal

Identify do-
main experts

Ethnographic
fieldwork —
asking the
“What is?”
question

Explicit -ask-
ing the “What
if?”” question,
coming up
with possible
solutions
through brain-
storming and
co-creation

Low-fidel-
ity/high-fidel-
ity prototypes

Based on pro-
totypes

Empathic
Design
Initial defini-
tion of the

goal

Identify do-
main experts

Emphasis is
on observa-
tion (not in-
quiry)

Analysis of
the observa-
tion data

Re-framing
done mainly
by designers

Brain-storm-
ing (design
team only).
Does not in-
volve users!

High-fidelity
prototypes
preferred

Based on pro-
totypes

Lead User
Method
Trend identifi-
cation, “suc-
cess criteria”

Lead User
identification
— “pyramiding
approach”
preferred over
“scanning”

Users are in-
terviewed (not
observed)

Explicit —
need framing
that is vali-
dated against
the project
success crite-
ria

Lead user
workshop as a
means to de-
velop new
product con-
cepts

Based on pro-
totypes



The (re)framing step is one of the most important steps in the design process. This step is
different between the methods. Some methods (e.g. Participatory Design) do not involve re-
framing as the basic assumption is that the ultimate achievement of the computerized tool
would be to fully resemble the existing, physical tool. In Empathic Design and Contextual
Design, the re-framing of the problem is done mainly by designers, after they have “stepped
into users’ shoes” during the observation and interpretation. The main goal is to satisfy the
(un-realized or not-articulated) user needs. In Design Thinking and Lead User Method, the
re-framing process involves users as well. The solution generation step is quite technical,
after the solution vision/concept has been identified during the re-framing step and aims to
transform a high-level idea into a working solution. In many of the methods, this step, as well
as the following prototyping and validation steps, is executed in iterations. A portion of the
solution is being modelled, prototyped and validated in each iteration. lterations continue
until a full solution is composed. The prototyping step also varies little between methods
with main difference being the level of fidelity of the prototypes produced. The validation
step is the final, standard step among methods, during which prototypes are “tested” with

users to decide the usefulness and completeness of the solution.

UX coverage — all of the discussed design cover rather fully the whole interaction of the user

with the system in the problem domain.

Level of formalism — is also very similar among methods. Most of them rely more on infor-

mal experimentation rather than on a very systematic and formalized approach.

Innovation potential — given the re-framing step is a major step in most of the methods, they
have the potential for coming up with radical innovations rather than just incremental im-

provements.

Data orientation — all of the reviewed methods are qualitative

Risk of ""getting it wrong'* — given the strong involvement of users in the process for all
methods, the risk for the design approach to produce results which will not be successful on
the marketplace is to a large extent mitigated.
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4 Case Study of Applying Design Thinking at SAP

In order to relate the described theoretical framework to a practical application of some of the
above discussed design methods in practice, we will discuss a case study of applying Design
Thinking at SAP.

4.1 Case Study Selection Process

The selection of the specific context for the case study was driven by several considerations. One
of the most important criteria was to explore a practical application of a UCD method, as this
research focuses primarily on UCD, among other design approaches. Secondly, a large software
development company was preferred, in order to be able to more clearly observe some aspects of
the practical application of the design method — e.g. influence of the organizational structure and
culture, management of the innovation process, participation of different functional roles. All of
those are more difficult to observe in a smaller (e.g. start-up) environment as in such environment
there is usually a rather flat structure, every employee tends to “wear different hats” i.e. combine

different functional roles and processes are more informal, unstructured and non-repetitive.

The interviewee is a current employee at SAP, with the position of a Senior Product Manager
and an active Design Thinking Coach, who has been involved in more than 20 projects using
Design Thinking over a period of 5 years. The interview was done live around SAPPHIRE NOW,
one of the biggest conferences organized by SAP where the company is hosting current and po-
tential customers and partners to present and discuss with them solutions, visions and industry
challenges. | used a pre-defined set of questions to guide the conversation. I however encouraged
using free form of story-telling and reflections, in order to take the most of the experiences and

take-aways made during the specific project that the case study focuses on.

4.2 Historical Background

The practice of using Design Thinking is not new for SAP. It all starts with Hasso Plattner — one
of the co-founders of SAP, who has been especially active in supporting technology research
initiatives. In 1998 Hasso Plattner founded HPI (Hasso Plattner Institute) for software systems
engineering, based at the University of Potsdam, Germany as well as in Palo Alto, California and
reportedly invested more than 200 min EUR in financing HPI. In 2004, after reading an article
about Design Thinking, Plattner was captivated with the idea of applying it in the software de-
velopment process at SAP. In 2005, Hasso Plattner donated a substantial sum to founding the

Hasso Plattner Institue of Design, (a.k.a. “D-School” or “d.school”), as a joint venture with the
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Stanford University. He collaborated with David Kelley, founder of renowned innovation con-
sultancy firm IDEO.

In 2008 Plattner brought 35 “design thinkers’ into SAP to collaborate with the Corporate Strategy
Group and make Design Thinking a strategic priority at SAP in order to drive innovation across
the organization. Once the top level management of the company grasped the power of Design
Thinking, the design method was infused in many different teams.

In 2012 SAP moved to scale Design Thinking as a way to help customers drive their business

outcomes by re-framing their problems, while putting an emphasis on user experience.

In 2014 SAP appointed Sam Yen as a Chief Design Officer to further drive the SAP vision for
design of products and services that stresses on the importance of user experience. Currently
multiple groups at SAP adopt Design Thinking. There are two main purposes for which Design
Thinking is used — product innovation (mostly applied within R&D) and business model innova-
tion (mostly applied in the field when working with customers and partners to apply SAP solu-
tions for solving business challenges).

4.3 Organizing for Applying Design Thinking

The organization of applying Design Thinking is rather de-centralized. There is a pool of Design
Thinking coaches, who are trained and have different levels of experience facilitating projects,
where Design Thinking is applied as a framework for fostering innovative thinking and focus on
UX. The list of coaches can be accessed through an internal portal and a request can be submitted
for a coach to take part in a project. Coaches themselves have to coordinate their agenda with the
requirements of the project and if there is a fit, they get assigned for a period, ranging from several
hours (advice giving) up to 12 weeks (working on an innovation project as part of a cross-func-
tional team). The responsibility of a coach is mainly to facilitate the process, coordinate the work
in the cross-functional team according to the Design Thinking principles, suggest tools and tech-
niques to be used in different phases and steer the process towards a successful and timely com-
pletion. In certain cases coaches can also train project participants in Design Thinking or support

the process of identifying people who are a good fit to join the project in a certain role.

The project in the focus of this case study is one where SAP, together with a partner company
that provides solutions utilizing SAP infrastructure and services, had to tackle the challenge of

optimizing the PoS (Point of Sale) process at retail stores.

49



4.4 The Design Thinking Team

The team was gathered following a selection process, during which a “T-shaped diagram of
skills” method was used to assess the abilities of potential team members (Tim Brown, 2010). T-
shaped diagrams are used to visualize the skills of a person. The vertical stroke of the T is the
depth of skills that allows a person to contribute to the creative process. The horizontal stroke of
the T is the disposition for collaboration across different disciplines. Empathy is the skill that
strongly contributes to the horizontal stroke as it enables a person to imagine a problem from

another perspective.

Using this technique, a team of 8 people, spanning SAP and the partner company, was formed.
The team included people with different roles and areas of expertise, who could effectively col-
laborate with each other. The roles in the teams were: Design Thinking coach (the interviewee
for this case study), software developer (one from SAP and one from the partner company), in-
dustry expert in retail processes, business development expert (acquainted with industry regula-
tions and competitive solutions), solution manager (an expert from SAP who brought to the table
rich experience integrating SAP products and services with partners solutions and devices) and

Ul designer (one from SAP and one from the partner company).

4.5 The Problem

In the stage of defining the problem, the problem was defined in a narrow way — “Develop a
mobile app that connects to SAP cloud services to help the work around PoS in a retail store
where some customers signalled about challenges following recent IT trending moves in the retail
industry”. On later stage the problem become more specific - the app was supposed to help the
Purchasing Manager in understanding what inventory types and in what quantity get sold (i.e.
their availability at the warehouse decreases) and in predicting future needs, so that the Purchas-
ing Manager can order supplementary quantities. During the observation phase some bottlenecks
were identified with regards to the job of the Purchasing Manager.

Some specific requirements had to be taken into consideration — e.g. the Purchasing Managers
had to be very active and mobile, they were constantly in motion, walking around the warehouse
and checking staff, hence they had to be able to handle the device with just one hand; compliance
with SOX security requirements and industry regulations had to be followed.

4.6 The Process

The process flow had several distinct stages, where the Design Coach took care to help the par-

ticipants move between stages, without necessarily calling out which stage the project is in.
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The Problem Definition stage

As previously discussed in Error! Reference source not found. section, the project started with
narrow definition of what seemed to be the goal — “Develop a mobile app that connects to SAP
cloud services to help the work of the Purchasing Manager in a retail store”. Some constraints
and special requirements were identified — e.g. the ability to handle the device with one hand,
complying with industry regulations and ensuring compliance with SOX security requirements,
etc. The project was also constrained to take not more than 10 weeks, with the intent to present a
prototype to decision makers (at SAP and the partner) at the end of the time period. The goal of
the project was to identify a solution and to provide quantitative and qualitative motivation for
customers to purchase such solution and for SAP and the partner to jointly invest in the develop-
ment of such solution. During this stage main personas were sketched. Also some success criteria

were drafted.
The Observation stage

In this stage the team recruited 4 different end users, employees in different retail chains of var-
ious size and operations, and conducted ethnographical studies with them. The team split into 3
groups — one group observed several users who worked for different retail chains, one group
observed just one user and one group did not observe any users (intentionally were kept with
clear and unbiased minds). The latter group examined the activities of the business network
around the observed retail stores. This split was done to ensure different perspectives are brought
into the post-observation discussion. The end users to be observed were identified based on the
overlap that their functional roles had with the personas, rather than based on titles. In some cases
it happened that there was no complete match with the persona — either one user had more re-
sponsibilities than the persona or several people combined covered the responsibilities described
for a single persona. End users were observed in their natural environment — while doing their
day-to-day jobs at the warehouse. Every detail of their operations was captured and analyzed —
what time they spent where, what interruptions occurred, what trajectories they had, how much
time it took them to complete a task.

After the observation sessions were completed, the team got together to discuss the observations.
This was done by creating observation notes, putting them together and clustering them based on
a common ‘theme’ or ‘topic’. Some examples of ‘themes’ that emerged were mobility, predicta-

bility, etc.
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The ldeation stage

One step that the Design Thinking team executed during the Observation stage turned out spe-
cifically useful for the purpose of re-framing the problem. Besides observing end users, the team
had also talked to decision makers — managers of operations or supervisors, who provided more
context on the objectives for end users, as well as success criteria and KPI (Key Performance
Indicators) that were used to assess their performance at work. Those success criteria, as well as
the insights about the success criteria for the critical function in focus — PoS management were
used to re-frame the goal that was originally perceived to be with the vague scope “address chal-
lenges in PoS process”, into the more clear goal to “Optimize the PoS process related to the
activities of the Purchasing Manager”. This re-framing enabled the team to come up with ideas
for changing the business process itself, where the functionalities implemented in the application

were just a fraction of the overall solution.

Once the problem was re-framed and the team had gathered and clustered the observation notes,
the whole team engaged in a discussion of their perceptions of personas and tasks. Everyone

shared their take-aways from the ethnographic study.

After discussing all viewpoints, the next step was to do a brainstorming for solutions. Those
solutions were at the level of a specific ‘theme’ or ‘topic’ that came out of observation notes
clustering. Only the part of the PoS process that had to be optimized was a subject of the brain-
storming. Out-of-the-box and even “crazy” ideas were welcome. The Design Thinking coach
specifically encouraged team members to build on top of other people’s ideas, rather than dis-
carding them in order to put their own ideas forward. Some of the ‘themes’ brought up more than
one proposal for a solution. The Design Thinking coach recalls that solutions tended to fall into
three broad categories — (i) solutions that can be built with existing products/modules/features,
(i) solutions that can be built by combining existing product/modules from SAP and the partner
and (iii) brand new concepts. In some cases a certain ‘theme’ could not be fully addressed and
then the success criteria came into play, modifying the goal to improving the existing process and

tools as much as possible according to those success criteria.

After solutions were defined for each emerging ‘theme’, the team got to one of the most chal-
lenging tasks — building up the “puzzle” of a complete end-to-end solution out of the solutions of
the smaller ‘themes’. This process required selecting one solution among possibly multiple solu-
tions and combining them together so that a complete working solution is built. The role of the
Design Thinking coach was to help the team make the decisions by keeping the success criteria
in mind and in a way that mitigates the risk of falling into the ownership trap. One technique that
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helped in this process was rotating team members to work on other people’s suggestions thus

removing silos and biases.

Once a concept for a complete solution was in place, the team moved on to creating quick and
dirty prototypes and mockups that would help present the concept in a tangible and impactful
way. Two main alternatives of the PoS process optimization were developed with a total of 12
mockups describing different variations of some of the core functionalities of the system.

When the prototypes were in place, the solution proposals had to be presented to the users and
the decision makers. This was another tricky part of the project because of the risk of getting
negative feedback or challenges, such that team members could easily fall into the trap of getting
in a defensive mode. So the Design Thinking coach took on the challenge of presenting and
discussing the outcomes of the process with the relevant stakeholders while the team was sup-
porting and gathering the feedback. During this phase the prototypes were unified in one that was
best accepted. On later stages (testing) the prototype was further tested and improved with a
couple of additional iterations of feedback gathering and rework, so that at the end the outcome
was a prototype of a solution that (i) the users started to ask to use in their work, (ii) it was feasible

to produce and (iii) there was good business justification to build.

4.7 In Hindsight

The final part of the interview with the Design Thinking coach was focused on their assessment
of whether the application of Design Thinking has improved the process and outcome of the
product development in the company as well as the biggest challenges, risks and benefits out of

it. The central take-aways were the following:

The biggest benefit of applying the Design Thinking method to the process of product develop-
ment was the much more intensive involvement of users, which led to deeper understanding of
users’ real (vs perceived) needs, increased usefulness of the end solution and broader and quicker
adoption. It also decreased waste as ineffective solutions were eliminated at an earlier stage and

ideas were validated in a timely manner.

One of the key factors for successfully applying the technique was the clear vision that a SAP
key executive had and the top-down approach which they applied. There was a clear direction
for more intensive user involvement and a strong emphasis on user experience. Another key fac-
tor was the way this application was organized, having high level of diffusion within the organi-
zation, by building a flexible mechanism for different groups to be able to tap into a pool of

educated coaches and apply the method with minimal overhead. According to the interviewee,
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the fact that the process was light-weight and the focus was on project outcomes rather than on
the Design Thinking process and education, helped the wide adoption of the method and the

seamless integration into the existing processes and structure.

The risks associated to applying the projects, per the interviewee’s assessment, were mainly re-
lated to the people factor and the level of understanding of different people about the goals and
benefits of the process. In their experience, applying this method was not applicable to all prob-
lems and situations. Sometimes this became clear after they were involved as a Design Coach. In
some occasions expectations to the outcomes of applying the method were unrealistic and had to

be managed.

Based on their broad experience, being a design coach in more than 20 projects, the overall as-
sessment of the interviewee was very positive about the benefits that this method brought to

projects it was applied to.

5 Summary and Learnings

We started this research by defining its purpose to be a review, analysis and comparison of design
approaches and design methods available for innovative software products and services. This
discussion is applicable mainly to the “fuzzy front-end of innovation”, where the most of the
miracle of product inception and design happens. The usefulness of this analysis (in the context
of existing literature) comes from putting the various design approaches and design methods to-
gether, in one “big picture”, and comparing them. This analysis should make it easier to under-
stand in what context each of them is applicable. It is not a means to do a very deep dive into any
individual approach or method, although it focuses more on User Centered Design rather than
other approaches and gives more details, including the outcomes of a live interview, about Design
Thinking, among other UCD methods.

In the initial chapters of this research, we discussed the general challenges of the creative process,
by introducing the notion of “abduction” as the basic reasoning pattern of productive thinking.
We talked about “closed” design problem solving, represented by the logic equation of abduction
1 and the “open”, “conceptual” design problem solving, represented by the logic equation of
abduction 2 (see Chapter 1.4 General Discussion of Design Challenges). We introduced the no-
tion of a “frame”, “framing” and “re-framing” as a mechanism for creation of a (novel) standpoint
from which a problematic situation can be tackled. We discussed the concept of framing as a

means to address the core design paradox, not by facing it “head-on”, but by looking at the
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broader problem situation and searching for surrounding themes that can foster the creation of

new frames.
We defined three main research questions to guide our analysis.

The first questions was “Which are the ways to approach innovative software products/services
development and what are the specific methods that can be applied?” We tackled this questions
in the first five sections of Chapter 2: Design Approaches for Innovative Software Products and
Services, where we presented the five main design approaches: User Centered Design, Activity
Centered Design, Data Driven Design, Systems Design and Genius Design. We provided a brief

discussion of those as well as a conceptual process for applying them.

The second questions was “How should one decide which approach and methods to use? What
are the criteria that one should take into consideration when choosing an approach and a specific
method?” We tackled this question throughout the most part of the rest of the analysis. In the last
section of Chapter 2: Comparison of Design Approaches we suggested a framework for analyzing
and comparing the different design approaches visually. We proposed a set of criteria (“top ten”
characteristics) of design approaches, as well a graphical representation (“profile”, “visual rep-
resentation”) of those design approaches. The set of criteria were: involvement of users, time of
involvement of users, designer role, level of complexity, process, UX coverage, level of formal-
ism, innovation potential, data orientation, risk of "getting it wrong™. Each design method was
assigned a “rating” against each criteria, which was a numerical value between 1 and 10, repre-
senting the place the design approach stands at in the continuum of values that the criteria could
have. The “profiles” of design approaches allowed for a nice visual comparison of design ap-
proaches and illustrated in an easy-to-understand way how some approaches were more limited
than others or how two approaches could be combined to fully cover the full spectrum of the
defined criteria. This framework for comparing design approaches was the first building stone
towards helping the reader make a decision which direction to go when tackling a particular

design problem within a given context.
The main learnings out of this framework could be summarized as follows:

- UCD as an approach is very user-focused i.e. involves users explicitly, throughout the full
development cycle. The role of the designer is to translate the realized and un-realized user
needs into tangible requirements. The process is qualitative, iterative and the approach covers
the end to-end UX. The approach uses informal, experimentation-based techniques; can han-

dle a high level of complexity and exhibits a high degree of innovation potential.
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- ACD is an extension to UCD, mainly in the sense of bringing more attention and formaliza-
tion around describing and modelling user activities. It is mostly a superset of UCD charac-
teristics, however it does not focus that much on the user per se, but on the activities that the

user is interested in.

- DDDis very different from UCD and ACD mainly in terms of being completely quantitative
and having almost no direct involvement of users. It also has much lower level of complexity
and innovation potential and much more limited coverage of the UX. Compared to UCD,
DDD only covers a fraction of the UCD “profile”.

- Systems Design is again a “beast” of a very different kind. Similarly to DDD, it does not
involve users directly. It puts the designer into a “creator” role. Its main purpose is to handle
very complex scenarios and thus is very formal, abstract and systematic in nature. It does

have a big innovation potential.

- Genuis Design is entirely focused on the designer as a creator, enabling them to work quickly
towards a very clear vision and to come up with radical solutions, with high innovation po-
tential. However, due to the very limited involvement of users in the process, it also bears a
very high risks of “getting it wrong”. Genius Design and UCD are almost “opposite” as ap-

proaches, each bringing their own pros and cons.

Based on those learning, we then continued to focus our research in one of the possible five
directions in Chapter 3: Drill-down into User Centered Design Methods — namely the User Cen-
tered Design approach, which exposed interesting characteristics for driving innovation into the
product/service design and development lifecycle. This was the next building block for answering
the question “How should one decide which approach and methods to use?” We introduced sev-
eral specific design methods that are User Centered in terms of approach — Participatory Design,
Contextual Design, Design Thinking, Empathic Design and Lead User Method. For each of those
methods, we presented the basic assumptions as well as the process for applying them in practice.
In the last section of Chapter 3: User Centered Design Methods “At a Glance” Comparison, We
put them in all common conceptual process description context in order to highlight specifics and

differences.

Then, we moved to answering the third research question: “Should those methods be applied in
their purist form or are combinations and/or modifications of methods appropriate? What is the
general practice in the industry?” In an attempt to put the theoretical framework into practical
application, and to combine the multiple case studies published online with personally experi-

enced take-aways, we looked at the application of Design Thinking at SAP in Chapter 4: Case
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Study of Applying Design Thinking at SAP. This part of the research was based on a set of live
interviews with a Design Coach for Design Thinking at SAP, who has extensive experience di-
rectly participating in multiple real-life projects. Though the case study was based on a particular
project, the overall take aways about the application of Design Thinking were based on the full
experience out of those many other cases. The choice of company was based on the size of the
company (with all challenges implied related to organization structure, propagation and disper-
sion of the design methods) and the specific design method, per our focus on UCD methods. The
main learnings, related to applying the specific method, coming out of the case study, were in

several distinct directions:

- General outcomes: The process greatly increased the level of user involvement in the design
of products, services and specialized solutions. This led to deeper understanding of user
needs, early validation of possible solutions, increased user engagement, earlier and wider

adoption, de-creased waste.

- Process-wise: The process generally follows the prescribed steps. However at each step there
are specific techniques that are introduced to facilitate achieving the desired outcomes of each

step (e.g. “T-shaped diagrams™)

- Organizational: A key prerequisite for the successful application was the top-down approach,
where a key executive was sponsoring and leading the adoption of the method throughout the
organization. Another key factor was the fact that the process was de-centralized and light-
weight, which made it easy to adopt. The Design Thinking coaches available throughout the

organization, who facilitated projects and helped educate others, had a substantial impact.

- Culture/mindset-related: The people factor was both in favor of and preventing successful
application in different cases. Whenever the participants had realistic expectations about the
outcomes as well good general skills for working within a Design Thinking team (e.g. open-
mindedness, empathy, cross-functional collaboration skills), the outcomes met the goals.
However, there were cases of unrealistic expectations or personal traits that prevented some

people from successfully using the method to drive innovation and useful solutions.

With that, we gave a practical example of design methods application that further hardened some

of the outcomes and take-aways from previous sections.

This research is open-ended and can be used as a starting point to a further analysis of design

approaches and methods or as a reference in analyzing other aspects of innovation in software.
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