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ABSTRACT

With the emergence of highly interactive products in the domestic
space, consumer electronics brands are facing an increasing
challenge in predicting the way their products are being used and
experienced. Unforeseen experiences relating to functional,
emotional and social/contextual aspects of product use lead to a
large and increasing share of field complaints that cannot be
attributed to a violation of products’ specifications. In a project
called Soft Reliability, we are trying to develop a product
evaluation ecology that enables the anticipation of product use by
gathering behavioral and attitudinal data early in the product
development process, through longitudinal field studies with
working prototypes. This paper introduces a novel framework for
behavioral and attitudinal data collection and analysis. The
framework enables instrumentation that relies on the event-based
experience sampling method, and as such deploys an analysis
methodology that includes process mining techniques for the
analysis of usage patterns, multivariate techniques for the analysis
of longitudinal attitudinal data, and product quality analysis
techniques for the analysis of combined information. We illustrate
the value and applicability of this framework in practice, through
the findings of an ongoing project concerning the
conceptualization of an innovative Internet on TV product, which
is being conducted in collaboration with Philips, a multi-national
consumer electronics company.

Categories and Subject Descriptors
H5.2. User Interfaces: Evaluation/methodology.
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1. INTRODUCTION

The context of product development processes has actively and
dramatically been changing ever since the advent of the
digitization era. As a consequence, today's businesses are prone to
being both empowered by, but also overpowered by, the
accessibility of various technological and market opportunities.
For instance, the merging of digital technologies allows for the
development of very innovative, multifunctional and adaptive
products that are capable of reaching wider markets in the global
arena. However, especially the lean and agile operations, possibly
among distributed business units of a company that develops such
products, also yield a pitfall: There are huge uncertainties and
little timely indicators about the actual deployment of these
products in the field, where there are too many new and unknown
parameters (e.g., various users with changing expectations, many
interconnected devices and technologies). Typically, available
indicators regarding product acceptance or deployment come in
too late in the process and mostly in the form of increasing
numbers of unidentifiable field complaints that cannot be acted
upon. To avoid this pitfall, special focus should initially be
centered on product conceptualization activities of especially new
products. Proper investment in the early phases of product
development is known to be a key differentiator between winners
and losers in the increasingly competitive global market [8].

As important as it is, product conceptualization is a truly
challenging phase within new product development (a.k.a. NPD).
Alexander underlined this a few decades ago [2]:



"In the case of a real design problem, even
our conviction that there is such a thing as
fit to be achieved is curiously flimsy and
insubstantial. We are searching for some
kind of harmony between two intangibles; a
form which we have not yet designed, and a
context we cannot properly describe."

This account holds even more in the case of designing innovative,
multifunctional and adaptive products, in the previously
mentioned industrial context. In that respect, it is crucial to shift
away from conventional and rigid-in-nature product development
processes that are more focused on (an already-established)
"form", towards more explorative, flexible, iterative and hence
dynamic-in-nature product development processes that are more
focused on the "context"!. Such a shift entails getting closer to the
tangible aspects of the product concept, (i) with prototypes of the
intended form; (ii) by acquiring detailed understanding of
intended and possible natural use contexts, via field studies; and
(iii) by systematically and iteratively evaluating the goodness of
the fit between the intended form and context. If this shift is not
carried out timely and appropriately, there is a huge likelihood
that in practice the concept of good fit (i.e. of the designed form
within a context) can and will fail. Failures of good fit, or so-
called soft failures, i.e. where a user has problems with a
technically sound product, are indeed becoming increasingly
common [7, 23, 4, 17, 18, 20].

In the context of a large multidisciplinary research project (i.e.
Soft Reliability project, [28]), with actively collaborating
industrial partners and with support from the Dutch government,
we developed a novel adaptable framework for product usage data
collection and analysis that addresses the aforementioned issues.
While in [20] we outlined the general idea of our framework, in
this paper we discuss its usage and report on our experiences
when applying it in practice, specifically during product
conceptualization activities. Our framework jointly explores and
promotes the effective treatment of the following:

I. Evaluation mode: Field studies with real users in natural
use environments, instead of premeditated laboratory tests
with a limited user group. While laboratory tests are bound
to be partial in revealing the many use cases observed in
the field; the reality is about actual consumers in
whichever country and specific use context, experiencing
the product over time.

II. Time factor: Extended, longitudinal and connected
studies, instead of short-spanned and isolated studies. This
enables monitoring (i) how the affective user perceptions
of the product and of the experience with it vary over time
[14], and (ii) the different "phases of use" [5] of the
product that a user is expected to go through, for ensuring
the successful incorporation of the product in users' daily
lives.

' The focus on "context" is due to the industrial aim to get a
competitive edge by creating value to users, in terms of getting
the product to provide customized and adaptable services, and
hence (i) either smoothly fit in the common practices of its
users, or (ii) suggest (radical) changes to common practices in
favor of more convenient and pleasurable experiences.

III. Combining behavioral & attitudinal data: Automatically
augmenting objective usage logs with complementary
subjective user feedback, to discover use patterns and to
better reason about user experiences, instead of relying
only on one kind of data, which may be biased.

IV. Providing mechanisms for efficient knowledge transfer:
Accounting for the various interests of different
information stakeholders involved in product development
(e.g., product manager, quality engineer, interaction
designer, marketing specialist), instead of only one, e.g.,
usability expert's. This involves combining process
mining, quality, statistical, and visualization techniques in
efficient tools that can easily be used by multiple experts,
which in turn removes the gap between design and
evaluative data. Such an approach is ultimately aimed to
increase the impact of user research on actual design
decisions, and also to foster expert collaboration on
developing better designed products.

Our ongoing collaboration with Philips, concerning the
conceptualization activities of an Internet on TV product, has
already led to the discovery of key insights influencing the
formulation of the value proposition of the product, and hence to
reliably (i.e. based on concrete and complementary data)
identifying its competitive edge, while identifying fallible use
cases and calling attention to unexpected consumer behavior. In
short, our framework provides grounds to devise good fit between
the product and its use context.

The paper is organized as follows: Section 2 presents the basic
motivation for our framework by introducing the idea of product
pragmatics and its significance in the industrial context. Section 3
provides the infrastructure of our adaptable framework for product
usage data collection and analysis. Section 4 outlines the
industrial case to which we applied our framework. Section 5
concludes the paper.

2. PRODUCT PRAGMATICS

In Section 1, we described the changing context of NPD processes
in today's competitive global market; identified the inherent
problems embedded in these processes; hinted at ways to
overcome such problems; and thereby emphasized the
significance of the proposed work. In this section, we elaborate on
the problem definition by utilizing long-existing theory in
language studies to draw on similarities between linguistics and
design.

Although both the study of languages and the study of design are
relatively old, the notion of "design as product language" does not
date back too long ago. This notion originally relates to semiotics
(i.e. sign systems studies, which embody linguistics), a view
according to which products and their design aspects are regarded
as representations. More specifically, a product can be considered
in its totality as a sign that states a value or benefit, while carrying
several messages regarding the product's purpose, properties,
functions, producer, and ultimately the profile of its owner [22].
According to Steffen [25], many symbolic functions, various
complex cultural, social, technological, economic, and ecological
meanings and representations might be traced in the design of a
product. Consequently, while language can be seen as a symbolic
instrument for communication between a message sender and a



receiver, a product can be seen as a symbolic instrument for
communication  between a  product's  designer  (or
developer/manufacturer) and a wuser. In that respect, what is
intended by the designer while designing a product, may not be
the same as how it is interpreted by the user in a specific use
context.

The parallelism between language studies and product design
becomes clearer when considering the three branches that
linguistics is studied within: Syntax, semantics, and pragmatics. In
linguistics, syntax refers to the structure and form of language;
semantics refers to its literal meaning; and pragmatics further
refers to its implied and inferred meaning during use. When
projected onto product design (Figure 1), we can derive that
product syntax refers to the design materials, structure/form and
technology used in the product; semantics refers to the symbolic
literal meaning of the product in the world in terms of its
(designer-) defined "value proposition"; and pragmatics refers to
the specific "use experience" of a user with the product in a
certain physical, psychological, social, cultural, etc. context.

/ Pragmatics \
O Semantics

Syntax

Product

&4— \.__&
\User k / Demgny

Figure 1. The subsumption relationships between syntax,
semantics, and pragmatics.

Although the utility of applying the three linguistics branches to
product design has more recently been recognized to some extent
in the design literature [26, 22, 27, 15, 24], a clear mapping
between the two disciplines has not yet been proposed.
Specifically, the distinction between product semantics and
product pragmatics is not explicit from previous work. This is also
apparent from the work of Krippendorff and Butter [21], who
pioneered the use of the term "product semantics" within the
design community. They defined product semantics as "the study
of symbolic qualities of man-made shapes, in the cognitive and
social context of their use and application of the knowledge
gained to object of industrial design." To highlight the distinctive
role of the use experience, we distinguish between product
semantics and product pragmatics as stated in the following:
Semantics refers to the literal meanings of symbols in the world in
general, disregarding an actual and specific use experience (i.e. no
involvement or interaction of the sender/designer with the
receiver/user); whereas pragmatics refers to the implied (by the
sender/designer) and inferred (by the receiver/user) meanings of
symbols during an actual and specific use experience (Figure 1).

A major challenge regarding early product conceptualization as
defined in Section 1, is the recent necessity to start tracing Figure

1 from outside-in during NPD projects. This is in contrast with
the conventional approach of tracing it inside-out (or in most
cases inside-inside only), where product evaluation tests are
conducted on an almost ready-for-release product. The obvious
shortcomings of the conventional approach are twofold: firstly,
not sparing time to experiment with the product on the semantic
or the pragmatic level; and secondly, the infeasibility to do major
revisions of the product regarding any failure of good fit
identified at a late development phase. Since the highly uncertain
context of innovative product development cannot afford risking
the consequences of such shortcomings, more and more NPD
processes start considering the outside-in scheme; i.e. starting first
with grasping product pragmatics by testing a number of working
prototypes in the field. To facilitate this shift away from the
conventional approach, we developed our adaptable framework
for product usage data collection and analysis, which can be
tailored to the needs of various stakeholders in full-fledged
product development teams.

3. PRODUCT USAGE ANALYSIS
FRAMEWORK

As motivated heretofore, relevant user, usage and context
information is of topmost importance in designing easy- and
pleasurable-to-use  products; especially, where innovative
breakthroughs are involved that often yield unanticipated product
use. Therefore, it is crucial to first probe with working prototypes
in the field and get feedback about product pragmatics (i.e. how
users are using and experiencing products). To incorporate early
feedback into the product design, it needs to be captured
appropriately and processed in a timely manner.

Our adaptable framework for product usage data collection and
analysis (Figure 2) automates (longitudinal) behavioral and
attitudinal data collection in order to promptly deliver this
feedback to the different stakeholders of product information.
This is achieved by the integrated collection of objective (i.e.
relating to the actual usage behavior) and subjective (i.e. relating
to perceptions and expectations of the user) data.

In the following subsections, the three consecutive main phases
that comprise our framework (cf. white, bold print in Figure 2) are
described. These are: (i) specification of the required information
by various information stakeholders; (ii) behavioral and
attitudinal data generation during use, and collection of these data
via relevant filters; and finally (iii) information visualization and
analysis via a combination of techniques, by the stakeholders. It
should be noted that these phases are dynamically linked and
hence can be executed iteratively, and with run-time
reconfigurations. To better illustrate the way-of-working with this
framework, each phase is traced with a running example, from the
viewpoint of a product manager, as an information stakeholder.

3.1 Information Specification

Initially, the stakeholders of product related information involved
in the product conceptualization phase, specify the kind of
information they would like to obtain from the field (cf.
"Information Specification" in Figure 2). There are various
options to do this, based on the (objective versus subjective)
nature of the required information.
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Figure 2. Adaptable Framework for Product Usage Data Collection and Analysis.

In the case of requiring objective usage information directly from
the product, the product has to be equipped with an observation
software module. In order to get relevant and rich data, this
module has to be configured in a way that accurately reflects the
stakeholder’s information needs. For these purposes, we
developed D’PUIS (Dynamic Product Usage Information System,
[10, 20]), which is a set of tools and components connected via
the Internet. D’PUIS also enables information stakeholders to
conveniently define the specification of the desired information by
utilizing a graphical editor. This is a domain-specific way to
formalize what should be "observed" during product use, and how
the collected data should be processed. Furthermore, this
graphical editor can be used by various stakeholders, irrespective
of the depth of their technical knowledge about the product
architecture, or their technical programming skills. While defining
the objective usage information specifications, also a priori
semantic links between collected data items can be established by
means of ontologies. Ontologies capture concepts and the
relations between them. With use of relevant ontologies (e.g.,
product-specific ontologies about the product's functional features
or structural parts), it is possible to model categories of
information that can be used by the automatic observation module
to process raw data. Consequently, the objective usage
information specifications, optionally augmented with embedded
ontologies for richer semantics, get automatically distributed to
prototype products in the field.

In the case of requiring subjective usage information from users,
event-based Experience Sampling [12] is used. Users’ experiences
are captured through qualitative and quantitative data gathering,
which can be initiated (i) by the user, when s/he wants to
manually report a question via, e.g., an Internet forum, or give
feedback to the design team via, e.g., filling in a corresponding
D’PUIS pop-up survey; or (ii) by D’PUIS pop-up surveys, which
are triggered by an automatic detection of pre-defined interaction
patterns; or (iii) again by D’PUIS pop-up surveys, which are
automatically triggered at pre-defined time intervals (i.e. time-
based Experience Sampling). Based on stakeholder requirements,
qualitative data may provide information regarding the failures
and the successes of the product-concept based on the match
between product capabilities and user expectations (i.e. negative
and positive disconfirmation of user expectations) [16], and
further based on how the consecutive "phases of use" of the
product are being experienced by the user [5]. The model we
developed (ak.a. designer-centered feedback analysis and
classification model) and use for these purposes are described in
[18, 19]. Additionally, quantitative data may provide information
regarding users’ momentary affect [6, 9], as well as about users’
longer term perceptual and evaluative judgments [14]. For the
evaluation of personal consumer electronics products, we
specifically use the Attrakdiff2 questionnaire [11] that aims at
assessing not only products’ practical qualities (i.e. utility and
ease-of-use), but also their hedonic qualities such as stimulation



(i.e. the product’s ability to address the human need of
stimulation, novelty and challenge) and identification (i.e. the
product’s ability to address the need of expressing one’s self
through the objects one owns).

D’PUIS pop-up surveys for subjective data gathering can be
authored and sent to the prototype products in advance of the field
study (i.e. during "Information Specification" in Figure 2), as well
as during the study as a reaction to preliminary results (i.e. during
"Information Visualization and Analysis" in Figure 2). We
developed a simple markup language that enables the easy
creation of such surveys, and that links the embedded ontology
concepts with the surveys' textual input fields, multiple choice
fields, and check box fields. As the ontologies are automatically
being used for both objective and subjective data categorization, it
is possible to obtain highly structured data that integrates a priori
semantics in a holistic way.

Example. A product manager may be interested in a per-country
overview of the visited local sports sites, and how the quality of
the content provided is appreciated by users. Therefore, the
product manager would decide on parameters like a list of Internet
sports sites, and the frequency, time, duration of visits to these
sites as a content quality measure. In order to complement this
kind of objective data with users' subjective feedbacks, the
product manager would arrange for D’PUIS pop-up surveys about
content quality to find out how the users actually experience the
browsing process (e.g., their awareness of what is possible or not
with the product/services, motivation to explore, initial-use and
sustained-use impressions), and how their attitudes towards this
experience develop (i.e. their perceptions about products’
practical and hedonic qualities) over time. Furthermore, to do this
objective-subjective data combination in an automatically
integrated way, the product manager would ensure that both kinds
of data are linked with corresponding semantic concepts from
ontologies: E.g., a user input to the pop-up survey about a positive
initial-use remark on the browsing process would need to be
linked to the related concepts on the respective product-specific
ontologies that triggered this positive remark, such as the
"connected peripherals" or the "display resolution" concept from
the product's structural parts ontology.

3.2 Data Generation and Collection

Based on the specified information requirements from different
stakeholders, this phase is dedicated to generate data when the
user starts interacting with the product, and to collect the relevant
part of the generated data in the required format (cf. "Data
Generation & Collection" in Figure 2). The collected data is then
stored in a central data repository: Both the objective data
captured via the observation modules within prototype products,
and the subjective data captured via the user- or D’PUIS-initiated
pop-up surveys, are stored in the same repository as shown in the
left-middle part of Figure 2. In addition, our framework also
supports incorporation of other (external) repositories used to
store, e.g., manually registered subjective data from users who
post questions or feedback on public/private Internet forums as
shown in the center-middle part of Figure 2.

In the case of objective usage data, each prototype product in the
field, already having received a specification of what to observe
and how to process the collected raw data items, collects data
accordingly and feeds that to a common repository, e.g., a web

server. There, data are stored in a structured and machine-readable
way (including their semantic links to concepts of relevant
ontologies that they represent) for later analysis.

In the case of subjective usage data, the user-initiated or D’PUIS-
initiated pop-up surveys as designated by the stakeholders'
specifications, enable relevant data generation in the field, in a
semantically structured way. Then those data are collected and fed
to the common repository, where they are kept ready for
(qualitative and quantitative) analysis. In addition, subjective data
that are generated via other (external) means (e.g., via collection
of feedback posted manually by users on public/private Internet
forums) may be incorporated at this phase, for inclusion in the
same qualitative analyses later on.

Example. During this data generation and collection phase, the
users would be presented with two short D’PUIS pop-up surveys
(as designated by the product manager's information
requirements), when the observation module in the product
detects that they left one of the specified sports sites. One survey
would be targeted at capturing their impressions about the
browsing process by identifying their likes, dislikes, problems and
suggestions (e.g., expected but missing features), based on phases-
of-use. The other survey would be targeted at measuring their
momentary affect about the specific experience with the site just
visited, by asking them to rate the product/application based on
attributes such as confusing-clear, standard-creative, amateurish-
professional, etc. Meanwhile, the objective usage data generated
(e.g., the time and duration of the visit) would also be collected
and logged as specified.

3.3 Information Visualization and Analysis
The stored data from the previous phase can now be visualized
and analyzed in various ways by utilizing several techniques (cf.
"Information Visualization & Analysis" and "Techniques" in
Figure 2).

Objective usage information can be quickly reviewed using real-
time visualization in the form of charts and data tables, but to be
able to address advanced questions, our framework provides a
connection to process mining techniques, as we describe in [20].
Real-time visualization helps to instantly grasp the structure and
content of the incoming information, and thereby enables real-
time monitoring to ensure that precisely the intended data is being
collected in the field. Process mining tools like ProM [1] allow
for richer analysis. They can be used to, for example, discover
models of typical usage behavior, answer specific questions (e.g.,
"Do users who do X, typically also do Y?"), analyze the timing
behavior and discover frequent patterns. Furthermore, the
semantic links can be leveraged to include domain-knowledge in
the analysis, such as to analyze the usage process on different
levels of abstraction.

Subjective usage information can be visualized and analyzed using
multivariate analysis, quality analysis and semantic process
mining techniques. Users’ perceptions regarding the product can
be analyzed with multivariate analysis techniques such as Factor
Analysis (FA) or Multi-Dimensional Scaling (MDS). These
techniques typically aim at modeling relations between stimuli
(e.g., products), attributes (i.e. users’ perceptions such as
professional-unprofessional) and overall judgments (e.g.,
preference), as we show in [13]. One may thus visualize how the



respective product compares to competition, how different
generations of the same product compare, or even how users’
perceptions of the same product develop over time (i.e. by
depicting perceptions of the product at different use phases as
different instances). In addition, quality analysis can be conducted
on the related qualitative survey results, by viewing the product's
fault-failure? versus success distribution proportions over the
categories of our designer-centered feedback classification model
[18, 19]. Such analysis enables to systematically view the user-
perceived strong and weak points of the current product concept,
and as such enables (i) visualizing how those compare to other
products', (ii) analyzing the relative importance of certain failures
or successes, and hence prioritizing, and (iii) suggesting relevant
actionable items for diverse information stakeholders to work on.
Semantic process mining is yet a more sophisticated technique
than process mining, which our framework supports, that is used
to discover and visualize the graphical models of how users
typically experience products based on their subjective judgments,
which may be represented by domain-specific ontologies [3]. By
aggregating the different levels of information provided by the
survey results that are linked with ontologies capturing e.g.,
complaints, or praises, or use purposes, with the information
provided by the usage log data that are linked with ontologies
capturing e.g., usage statistics (with semantic links), it is possible
to get a very rich view on the all-encompassing user experience.

Example. The product manager would review the initial incoming
data by means of real-time visualization. This helps to remotely
monitor the field study for its entire duration. If he then realizes
new sports sites in the most visited sites chart, he would like to
include them also in his information specification, while the test is
still running. Using more detailed analysis, i.e. by means of
process mining, he would for example visualize visit timing
statistics. The embedded semantic links that distinguish between
various categories of web sites, e.g., sports vs. shopping sites,
would enable displaying the usage on different relative levels of
abstraction: E.g., frequently visited sites ranking per topic, at-
length visited sites ranking per country, day-time vs. night-time
preferences per household, etc. When combined with results of
pop-up surveys (also embedded with semantic links), he would
identify if the reported failures or successes regarding a product
use-phase can be verified by the usage behavior of that user: E.g.,
if the user reports that she finds the new product interface good
looking but too complicated, and if this can be verified by the
product logs, which reveal that she seldom used the interface. For
a field study that spans a couple of weeks, the product manager
can also visualize and analyze the effects of time on the product's
incorporation into its users' daily lives, based on the results of
periodic pop-up surveys.

4. INDUSTRIAL CASE

In summer 2007 an industrial collaboration between Eindhoven
University of Technology (TU/e) and Philips, a multi-national
consumer electronics company, was started. The plan was to do
two consecutive studies centered on a conceptual prototype of a
new Internet on TV product. For confidentiality reasons we will
not go into the details of the business case, but focus on the

2 N.B. The use of failures in this text refers only to soft failures,
i.e. where a user has problems with a technically sound product.

studies and report on our experiences. While the first study had an
explorative nature and is already finished, the second one focuses
on details and is currently being conducted. The setting of both
studies is deliberately not a dedicated testing lab, but the home
environment of potential users.

The cooperation between the two organizations combined
complementary assets. The Philips team provided a basis of
representative key users around the world, supplied them with
working prototypes, and offered dedicated facilitation whenever
they requested. The TU/e team provided surveys and
questionnaires  for collecting relevant data, theoretical
categorization schemes for structuring the data, and post-
processing support over the collected data. Also, the TU/e team
equipped all prototypes with special observation capabilities that
tracked relevant user-system interactions and transmitted pre-
processed information to a central server, as described in Sections
3.1and 3.2.

Figure 3 depicts the timeline of the collaboration between TU/e
and Philips. While Study 1 and Study 2 show the two consecutive
studies on different versions of an Internet on TV prototype
(current status on the timeline is marked with "now" in Figure 3),
the right half of the figure shows some of the activities catried out
in cooperation between the two organizations. These activities are
referred to in Sections 4.1 and 4.2 in slightly more detail®. It
should be noted that, our framework in its current form, as
presented in Section 3, has been to some extent shaped by our
experiences gained during Study 1.

Philips TU/e
Study 1 .(?bservation specificatio-n

1 Initial survey on Input devices

Categorization
Post-processing
Analysis
Test of input
devices

Semantic
preparations

Subjective surveys \

Study2 O\ }

now —EBarEi]

Observation specification \

Figure 3. Industrial case timeline, showing collaboration
between Philips and Eindhoven University of Technology

In the remainder of this section, we report on the objectives, the
setup and the results of the first study. Furthermore, we describe
how our experiences with the first study helped in shaping the
structure of the second study, which is currently being performed.

4.1 Study 1
4.1.1 Objectives

The first exploratory study was conducted with the aim to test
users’ attitudes towards gaining convenient and high-quality
access to the Internet from their TVs in the living room. In view

3 N.B. We are restricted to discuss the collaboration in greater
detail, due to confidentiality reasons.



of that, several questions aroused about how users would react to
such an application, would they welcome more active interaction
in a usually relaxed environment, if so, would they “lean-forward”
and actively pursue information or entertainment, or would they
“lean-backward” and go for a rather passive experience, or would
they do something in-between and change their mode of use often.
The objective was not only to find out about the general
acceptance and relevance of product features for its users, but also
to explore the rather new domain of Internet on TV products:
E.g., what kind of content would be searched for, played with, and
enjoyed, even over a longer period of time? Furthermore, there
were also unknowns about the peripherals provided with the
prototype: What kind of pointing device would be more
appropriate for such an application, and what type of textual input
device would be necessary?

4.1.2 Setup

This study was carried out with 20 users from different countries
around the world for 5 weeks. To provide objective usage data,
the D’PUIS framework that we developed at TU/e was
customized to the Philips case. This involved the insertion of an
observation module into all 20 prototypes that were sent to the
users’ homes. This module provided objective usage information
via an Internet connection and hence could be reconfigured
remotely, whenever the required information specifications by
Philips were updated (cf. mutual activity "Observation
specification" in Figure 3).

As sources for subjective usage data, we utilized (i) a private
forum on the Internet, which was moderated by Philips facilitators
and used by all prototype users, and (ii) surveys sent to the users
via the Internet forum (i.e. mutual activity "Initial survey on input
devices" in Figure 3). While the first source collected rather
direct, user-initiated opinions and questions, the second one
collected focused answers to specific questions of the Philips
product development team. Moreover, since the Internet forum
was actively supported by facilitators, rich insights could be
obtained regarding how users experienced setting up the device.

4.1.3 Results and Discussion

During this study over 5 weeks, roughly 800,000 (objective) data
items were collected by all prototypes and the users submitted
over 400 opinions and detailed remarks (in freetext form) to the
Internet forum. The mass of disconnected and unstructured data
called for extensive post-processing, in order to gain usable and
comprehensive information. Therefore, objective data was
analyzed by means of process mining, and subjective freetext data
was manually categorized and filtered for product quality analysis
purposes (cf. TU/e activity "Post-processing analysis" in Figure3).

The collection of objective information helped to answer many
open questions, especially in the first exploratory study, e.g., how
and how often people were using the device. This was useful
information complementary to the more qualitative feedback that
is typically acquired in user studies that take place in the early
stages of product development.

The diversity of kinds of user interactions with the prototypes was
a major problem in the analysis phase: The Philips team helped to
manually break down 5000 categories, which resulted from the
automated analysis, to approximately 160 categories (cf. Philips

activity "Categorization" in Figure 3). Thus, the huge amount of
initial data became easily manageable such that usable
information could be derived from it.

As the prototypes were distributed to users in various countries,
the results could be analyzed per country. It was observed that
users from the same country used similar features and the results
show that they were hindered by the same problems regarding
infrastructure and services (e.g. content availability). This gave
valuable insights for Study 2.

Runtime logging in the prototypes proved to be useful especially
for validating the subjective feedback from the Internet forums.
Subjective information regarding users’ attitudes was triangulated
with objective information regarding actual product use. For
instance, the opinion from a user who did not use the device could
be handled differently in terms of experimental invalidation or
augmentation (e.g., justification of dislike, etc.), than the opinion
from a user who extensively interacted with the device. This
proved to be a direct indicator of the user feedback reliability.

Furthermore, subjective data analysis of the Internet forum data,
based on the designer-centered feedback classification model we
developed at TU/e, showed what each user's likes, dislikes,
problems and suggestions were, and how they evolved over the 5
weeks of use, with respect to their effects on different phases-of-
use of the product. It was also possible to derive detailed product-
specific strengths and weaknesses, as experienced by users. This
was useful input for further development actions.

4.2 Study 2

This second study comprises three complementary parts as
depicted in Figure 3. The first part has already started, whereas
the latter two are planned. The goal of all these follow-up studies
is to further leverage the points that worked well in the first study,
while benefiting from the lessons learned from it, and introducing
more a priori structure (i.e. at the "Information Specification"
phase, cf. Section 3.1) to fully apply our framework. Therefore, in
preparing the second study, most effort has been spent on the
development of methods. Especially the immense post-processing,
for both objective and subjective data, that had to be performed
after the first study hindered prompt feedback to the development
team, which could otherwise have been quicker and even richer.
Accordingly, the main improvements in our approach resulting
from the first study have been (cf. TU/e activity "Semantic
preparations” in Figure 3) (i) to establish a priori semantic links
between data items in order to speed up general post-processing
and enable a more detailed analysis, and (ii) to combine objective
and subjective data analysis. For this purpose, it has been
investigated how several ontologies capturing different aspects of
the prototype, objective and subjective data collection can be
linked together and automatically be attached to data items that
are captured throughout the study. It has hence also been part of
the improvement activities to embed surveys with relevant (e.g.,
product failure, success, based on phases-of-use) ontologies, to
eliminate manual post-processing of the subjective data (cf.
mutual activity "Subjective surveys" in Figure 3). Consequently,
during the second "Observation specification”" mutual activity in
Figure 3, all these improvements have been made use of.

The first part, Part 1 of Study 2, is designed to be more in-depth
and focused to answer certain questions for the business case. It is



conducted in one country only, with 20 users, for 2 weeks. The
objective log data in this case is planned to be utilized for
verifying the subjective opinions of users as recorded during
detailed interviews, and vice versa.

The second part, Part 2 of Study 2, is designed to be conducted in
a high-contrast country, geographically and culturally distant from
the previous (i.e. Part 1).

The third part, Part 3 of Study 2, is designed to be conducted in
the Netherlands, over an extended period of time, specifically to
measure how users' usage behavior and attitude evolve over a
longer period of time.

5. CONCLUSIONS

Successful development of innovative products is somewhat
paradoxical: Rich insights are needed into how new technology
transforms the design space early in the development of a product.
However, the impact of new technology cannot be foreseen until
it is fully incorporated in the specific ecology of values and
activities. We argue for a radical approach to user centered design,
that of intervening into specific cultures with technology probes.
Only by observing users’ changing habits and attitudes in
response to radical interventions can one foresee the impact of
new technology in socio-cultural settings.

In this paper, we formulated the design space in terms of product
syntax, semantics, and pragmatics. We specifically highlighted the
importance of (i) grasping "product pragmatics", which is about
understanding the use experience of a user with a product in a
certain physical, psychological, social, cultural, etc. context, and
(ii) doing it early during product conceptualization. To address
these two points, and as a means of resolving the paradoxical
design problem, we proposed a novel adaptable framework for
product usage data collection and analysis. Using this framework,
we illustrated a product evaluation ecology that enables the
anticipation of product use by gathering behavioral and attitudinal
data early in the product development process, through
longitudinal field studies with working prototypes. We discussed
how the framework enables instrumentation by relying on the
event-based experience sampling method, and as such, how it
deploys an analysis methodology that includes process mining
techniques for the analysis of usage patterns, multivariate
techniques for the analysis of longitudinal attitudinal data, and
product quality analysis techniques for the analysis of combined
information. Finally, we exemplified the applicability of our
approach by reporting on our ongoing collaboration with Philips,
about the conceptualization activities of an Internet on TV
product. Our efforts focus on five main principles:

I. Design interventions with fully-working prototypes
provide rich insight for the development of innovative and
successful concepts.

II. In-situ observations with field studies yield reliable
information about how various users are using and
experiencing products.

III. Longitudinal data analysis reveals if a particular usage
behavior is the result of a "wow factor", or if it sustains
over time and use. Furthermore, longitudinal data also
reveals how users appropriate new technology and use it in

their own ways, which shows new opportunities for
innovation (i.e. transforming the design space).

IV. Objective and subjective data, when analyzed jointly,
give richer and more reliable insights into how various
users are using and experiencing products. This opens up
new possibilities for combining the knowledge of various
domain experts.

V. Bridging evaluation to design enables designers to have
an active role in evaluation (i.e. increases the impact of
user research on actual design decisions). Moreover,
accounting for the various interests of different
information stakeholders involved in product development
during (field) studies is ultimately aimed to foster expert
collaboration on developing better designed products.

We envision that our approach can help academics as well as
practitioners to gain a competitive edge in establishing successful
innovations in value-rich contexts.
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