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(Hauge and Stauffer, 1993), focus groups (Merton, 1956) and
ethnographic observations (Ellen, 1987). The first problem that
we found in the method itself is that user data can lead to
misinterpretation of user needs. Many methods focus on onesided interpretations by researchers or users. The results create
inconsistent information. Secondly, those methods have a weak
link connection between user studies and product development.
Methods from the social sciences such as ethnography primarily
focus on user behaviors with weak relevance to the practice of
product development. Thirdly, advanced technology has the
potential to produce tailored products faster and better. It requires
a rapid method and must work well with the individual users since
methods borrowed from other disciplines have been limited when
applied to individual users. The User Knowledge Elicitation method
provides a new approach to this research. It reduces the problem
of gathering accurate data and identifies real needs. The concept of
user knowledge was proposed as a link to bridge user studies and
product development.
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Abstract
The increasing complexity of the market, technology and economic
environments address the issue of effectively capturing and
reflecting user needs in product development. The goal of this
research is to introduce mechanisms to identify and incorporate
users’ knowledge that explains the adaptation, customization and
modification of products in the process of product use.
“The Object-Mediated User Knowledge Elicitation”- OMUKE is
a method being proposed as a way to capture user knowledge that
helps design teams develop clear insight into user needs and use
context. This method uses representation of objects as a triggering
mechanism for users to externalize their knowledge that would
otherwise remain inaccessible. Viewing objects helps users to make
unbiased reports of their experiences without influence from
existing norms use. First, in this research we conducted pilot
studies of the existing – “Convergent Perspective Method” – from
which to develop a new method. Second, the effectiveness of using
different representations of objects as a trigger was examined in
comparison with other user study methods such as ethnographic
observations and the use of focus groups. Third, the method has
been implemented in the form of software to support both on-site
and internet-based remote modes of user studies.

2. Knowledge Lifecycle
The concept of user knowledge was introduced to generate
effective identification of user needs. In this study, we define two
types of knowledge: user knowledge and design knowledge.

This paper looks at the effectiveness of using OMUKE and
examines it in relation to other current methods. In the end, we see
the effectiveness of this method compared to existing methods.
Further developments explore a method of bridging user
knowledge with the concept of product architecture to build a
lifecycle for innovative product development.

1. Introduction
The literature and experience on requirements engineering claims
that gathering good user data is difficult (Holtzblatt and Bayer,
1998). Many methods that capture information about user needs
that have been developed in engineering, business and the social
sciences including ELK: Eliciting Knowledge from customers

Fig. 1: Knowledge Lifecycle between users and designers
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User knowledge is generated in the process of learning and problem solving experiences with the product in the context of use.
Users obtain and interpret the information embedded in the product such as functions, attributes and methods of use. In an attempt
to best utilize the product, users try to adapt and further modify
the intent way of use, functions and attributes in order to adapt to
situations outside the design consideration.

A collection of images and keywords were given to the users who
were asked to compose collages on paper. (figure 2). Then subjects
were asked to describe their experiences of making tea. The subjects were further asked to describe what they made and how it
related to what they do when making tea. The information from the
first experiment revealed some aspects of the users knowledge.
First, artifacts are effective to elicit user knowledge. It doesn’t
need to be the real artifact since images of artifacts can stimulate
the users review of related experiences and externalize what they
know about the artifact. Second, the existing method does not have
a clear procedural guideline for researchers to follow. The elicitation requires a structure of inquiry. Subjects tend to describe
something out of the design context. It is necessary to build a
structure or format for them so that they generate useful information. Third, user data often lacks enough details to give a design
team clear insight. If users experience is not well described, then
user knowledge won’t be effectively discovered.

“Design Knowledge” from designers is considered as the knowledge of building artifacts. Baldwin and Clark (2000) state that
design is a complete description of the artifact, and the output of
a production process is the artifact. These two types of knowledge compose what we call “Knowledge lifecycle” as shown in
figure 1. Artifacts are considered as a carrier of knowledge through
this life cycle. The problem of not connecting user knowledge and
design knowledge happens frequently in practice with more functions than users will ever need. To bridge this gap, eliciting user
knowledge will provide a link from user study to the product
development.

4. Object Mediated User Knowledge Elicitation Method-OMUKE

3. Pilot Study

The OMUKE method incorporates elements of user observations
and the Converging Perspective Method. The observation explores
the context of use and obtains information for establishing the
process of the inquiry decomposition and the triggering mechanism. The inquiry decomposition refers to the organization of user
behavior that identifies subtasks to be used as units in the knowledge elicitation process while the triggering mechanism refers to
the method of externalizing user knowledge from their memory.

To explore the concept of the knowledge elicitation, tea making
was chosen as an example since it is an activity that embodies
cultural background, techniques, tools and knowledge. This study
attempts to develop an understanding about the nature of user
knowledge from the practical viewpoints in order to develop an
effective method for eliciting user knowledge.
The first experiment is an exploration of user knowledge elicitation with the existing method -“Converging perspective method”
(Sanders, 1992)1 . The artifact is a major driving factor through the
process and the method itself interacts with individual users to
obtain their needs with images and words representing artifacts
used in the process.

4.1. Inquiry Decomposition
User experience and knowledge can be analyzed by looking into
the structure of user process and object used. The users behavior
can be represented as a hierarchical structure produced by
Hierarchical Task Analysis – HTA (Shepard, 1998).

Fig. 2: An example of the Converging Perspective Method

1 The Converging Perspective Method draws simultaneously from
marketing research (‘what people say’), applied anthropology (‘what
people do’) and participatory design (‘what people make’).
This reflects how people think, use and know their artifacts.

Fig. 3: Decomposition of user process into subtasks and objects
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Instead of describing the user process in extreme detail, we identify
benchmarked tasks or important tasks based on user observations.
In the example of tea making, five benchmark tasks - preparing tea,
boiling water, making tea, drinking tea and cleaning tea were identified. The benchmark tasks were decomposed into small subtasks
(Figure 3-a). In the same way, the objects used in each benchmark
task were listed (Figure 3-b).

users have or do. They provide referential points for users to
explain their own objects and processes.

4.3. Software Tool

4.2. The Triggering Mechanisms for Knowledge
Externalization
It is difficult to elicit user knowledge by asking or observing users
because they are not usually aware of what they already know.
Users have implicit knowledge about their work; they lack the
experience of reflecting about and describing their working habits
in sufficient detail (Pankoke, 1997). In this method, the photographic images of artifacts are used as a triggering mechanism for
externalizing user knowledge (Figure 4). Why not use the physical
object instead of images of objects? Although physical objects
might trigger users associative reviewing of their experiences easier,
its completeness could limit their imagination. A photographic
image of an artifact is a conceptual representation of a real artifact.
It leaves the users enough space to discuss what the characteristic
is and how it is used. If the representation is too coarse, it cannot
communicate well with the users.
The second triggering mechanism is a typical process - well understood processes among users. Users were asked to describe
what parts of the process presented in the video clips were alike
or different from their processes. The process helps users describe
the actual experience through a given example. Objects and processes used in this method do not need to match exactly with what

Fig. 4: Triggering mechanisms with objects and typical
processes
Fig. 5: Object selection, process explanation and the user object
mapping
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A software tool has been developed to support consistent and
efficient implementation of the methods and also enables researchers to reach users in remote locations through the use of the Internet.
It has a database management system – (DBMS) for storing images and video clips of a typical process. In the tea case study, the
user had approximately 100 photographic images and over 50
video clips of typical processes to choose from. Many of them
reflected different preferences and cultures of making tea. When a
user selected images that best represented the objects usually used
(window 1 in Figure 5), the video clips related to those objects
opened automatically upon the object selection as shown in the
second window. The result from what the users composed is called
“Object mapping” (window 3 in Figure 5). It is a diagramed explanation of the object selection and the use process.

7). Go to the next task and repeat step from 3 to 6 until the last
task.

4.3.1. Instructions

The object sequence analysis produces an entire picture of the
process with the objects used. The diagram is composed of the
input and output of each task, and effects from the environment.
The input is the combination of the objects, and the output is the
objects in transformed states. Each task is executed as a transformation process from input to output. The input is an initial state
while the output is the goal state. A user task is a means to achieve
the goal. In figure 6, each block represents a transformation process generated by user tasks. That represents how the objects are
being used, and how users interact with objects. For example, one
subject described how she used a bowl for keeping a ball infuser in
the cleaning tea task. The subject did not clean the ball infuser
immediately after use. She waits until the tealeaf dried before
cleaning the infuser. This diagram can be used further to ask the
user to describe the rationale behind their processes and object
selection (see the marking area in figure 6).

4.4. Analysis
Two proposed frameworks of analysis in this method are the object sequence and the user object mapping. The first analysis framework is used for designers to ask users the rational behind their use
during the user participated process (figure 6). The second framework is a user-object mapping or user data created by users after
they have completed the user participated process.
4.4.1. Object Sequence Analysis

Subject will begin by describing their context, selecting objects and
explaining their processes. The steps of the tasks are:
1). Describe the context of making tea such as environments and
events in the text fields.
2). Select the first task –i.e., placing tea.
3). Browse the object image list, select the one that best representing the object used for the task and put it in the whiteboard area
(Fig 5, window1).
4). Watch the video clip of a typical process related to the selected
object (Fig 5, window 2).
5). Describe your own process corresponding to the typical process (window 2 on left side).
6). Describe the deviation of your own process from the typical
process (window 2 on right side).

Fig. 6: Object sequence analysis
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4.4.2. User-Object Mapping

There are three steps when discovering user knowledge.
After gathering user information, user-object mapping is applied
to define user knowledge.
1). Screening information that might not give us any insight.
2). Flagging the information by comparing the typical process or
products. This process is similar to object sequence analysis by
flagging the user information that has different process and product from the typical ones.
3) Finding a pattern by comparing the user object mapping to other
users. Although a single user’s knowledge can contribute to the
new design development, such insights still require validation.
From figure 7, both examples have different objects and processes
but subjects share the same intentions to quickly make fast boiling
water.

5. Empirical Study
Thirty participants who had previous experience of making tea
were tested with the software. The subjects were U.S. residents
ages 25-40 culturally diverse and made tea occasionally or on a
regular basis. In order to evaluate the method without a bias toward
the user interface performance of the software, a paper-based manual
tool was created by using photographic images of objects and
sequence images of typical processes. The method is the same as
the software tool. From the experiment, we found that the method
itself is robust and not fixed with a particular implementation
method. The tool can adapt to specific projects, resources and user
types.

Fig. 7: Finding patterns of user knowledge from the user intents.

Table 1: Comparison between methods: ethnography, OMUKE and focus groups
Ethnographic Observation

OMUKE

Focus Group

Example of User Data

Problem
User 1: “I cannot hold my mobile phone
with my shoulder because it is too small
and the speaker is too little to position near
my ear”.
Opinion
User 2: “Small mobile phones are good for
women but not for men.”

“I need a plastic bag to protect the phone
from the rain as my backpack is not
water proof.”

Method

Observation of how users interact
with the mobile phone in public

Users made their own representations and
describe what they made.

Moderators collect real mobile phones from
users and ask them questions

Analysis

Solution
User 3: “Phones for men should be redesigned to a size that is similar to a T.V. remote control.”

Two uses at break time outside the building are: smoking and phoning. Smokers
interact with each other, while those
phoning seek privacy.

Insight: Mobile phone reduces the social interaction in the physical space.
Implication: Mobile phones should consider public social interaction.

Insight: A user created her own way to
protect and keep her phone dry.
Implication: Water-resistant

Insight: Mobile phones should consider
ergonomics issues.
Implication: The size of the phone affects
the way it is held depending on gender.
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5.1. Results
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The OMUKE method was tested along with other commonly
used methods such as ethnographic observations and focus groups
to illustrate the results in terms of user data and analysis. We
used the mobile phone as a case to test the selected methods.
Three descriptions demonstrate how to achieve the goal of research. First, the misinterpretation of the design solution is reduced. OMUKE is a combination of interpretations from users
through the way they create data and designers through the way
the method leads to the product. Both interpretations provide
valid data and are useful to design. Secondly, user knowledge
drives real needs since users put forth an effort into adapt to their
own products. The results from the OMUKE method demonstrated what users make and what they do it daily life (see table
1). The needs revealed by OMUKE are more realistic than the
other two methods. Those two methods are opinion-based and
suggest product features that have not been developed over the
user experience. OMUKE revealed how user data from user studies
connects to the product development. Thirdly, OMUKE reaches
individual users and can be more widely used to reach mass users
than the other two methods (ethnographic observations and focus groups) which are limited with regard to sampling users.
Broad but more focused groups reduce the time for research and
serves to represent more diverse users in the future.

6. Conclusion
OMUKE gave the researchers a clear idea regarding how to structure an inquiry system and engage users themselves as field investigators. The method can be applied to other service orientations such as tailoring apparel. It also has the potential for developing intangible products such as digital information. OMUKE
is not a method that tries to replace other user study methods but
is a supplementary to those methods. This method still requires
researchers to communicate with end-users, however the researchers may be replaced by a computing agent in the future. For
example, a computer can ask users about the rational behind use
when the pattern of using products or processes are different
from the typical ones.
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The goal of future research is an integration of user knowledge
into products. In practice, we might not be able to produce
unique products for a single person. But the product as a platform or a system that shares common parts might better serve
individual needs. The principle of designing product user platforms will be the next investigation since the complexity of constructing products based on user behaviors and the tailorability
to individual users needs has not been solved.
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