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<Abstract>

One aspect of critical failure in design of human-oriented artifacts is that users do
not perceive the designed artifacts as the designers intended. When this happens, the
designers would want to identify the design elements, that might have caused this
mismatching, and replace them with the ones that should reduce the degree of
mismatching. This paper proposes a cognitive model, “"the dual mapping model”. that
simulates subjective and intuitive processes involved in creating an idea sketch that
should convey design concept, and in evaluating the idea sketch to extract its
underlying design concept by users. These processes are represented by using fuzzy
theoretical formalism. The dual mapping model was used to build a prototype design
support system, which provides designers with an integrated design environment that
sonsists of (1) a unit for measuring kansei data,(2)} a unit of analyzing the data, and
(3) a unit for providing useful feedback for enhancing the idea sketch.

1. Introduction

One of the major problems in designing interactive systems is that users do not
perceive a designed system as designers intended. For example, designers have
constructed a system in an effort to embody a set of given top-level design concept,
such as heavy and deep and simple. However, users might conceive the designed
system as sober and practical. Designers want to identify the design elements that
cause the mismatching, and replace them with the ones that might reduce the degree
of mismatching.

This paper proposes a cognitive model, a dual mapping model, that simulates
uncertain evaluation process in kansei by designers and users. There are two mapping
processes in the model: the designers’ mapping process that transforms a set of



2 . Kim, Don-Han, jung, Ji-Won

top-level design concept onto a system sketch, and the users’ mapping process that
converts the design sketch to impression words. Based on the dual mapping model,
this paper proposes a tool for designers that supports their activities for tuning a
design sketch so that users impressions to it should converge to the given top-level
design concept. We show an on-going prototype that partly implements the tool proposed
in this paper.

2. The Dual Mapping Model

The central portion of Figure 1 shows schematically the situation that this paper
deals with: Given a set of design concept C, designers has constructed their design
sketch S considering their mental models of users [1]- designers’ mappings. When the
design sketch was ready, users evaluated it, which is S’ identical with S, in terms of
their impression words C'- users’ mappings. However, the ratings of the users were
not consistent with those of the designers. The designers’ goal for the suceeding
design activities includes reducing the degree of the mismatchings.

We propose a cognitive model that simulates designers’ and users’ mapping processes,
the dual mapping model, which should provide a basis for tools that support such
designers’ activities. In Figure 1, the model is defined by the symbols connected by
thin lines; the round rectangles with dotted lines represent cognitive processes, and the
rectangles with solid lines represent the representations generated by the cognitive processes
that precede. )

The entire mapping process is modeled as three separate processes; the decomposition
process, the mapping process, and the aggregation process. Both parties perform these
same processes, but the order is reverse. On the designers side, they first decompose
the top-level design concept C into a representation in terms of a set of major design
concept {C:}. The model defines C by adopting a fuzzy set like representation: C=27c;
/Ci, where ci represents the degree of consistency of the major design concept C:i with
the top-level design concept C.

The next process is to map the design concept onto a set of design elements. We
assume that the set of design elements {S;} is given from the outset and that the
design sketch is constructed by selecting suitable ones from the set. The representation
that is generated by mapping the set of major design concept {C:} to the set of major
design elements {S;} is a network with a link mji that connects each C; with each Sj.
The link strengths represent the degree of consistency of each design element Sj with
each of the major design concept Ci. An aggregation process generates a representation
of the system sketch S in terms of {sj}; S=2's; /S;.

On the users side, the mapping processes run in the opposite direction. The users
first decompose the system S’, then map it onto concept C’;, then aggregate them into
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a set of higher concept C' Notice that the bases with which the users’ decomposition and
aggregation processes are performed, {S'k} and {C'/}, respectively, do not necessarily
agree with {S;} and {CJ), i.e, those of designers’ although the designers expect they
should be identical.
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Figure 1. The dual mapping model

3. Framework of the tool

Figure 2 is an alternative representation of Figure 1 that focuses only on the part
that is relevant when the tcol is begun to use, i.e., S has already been constructed
according to the given C. If designers can know C'- how the tool supports this activity
will be described later — the next series of design activities will be to eliminate the gaps
between C and C' We assume that S is represented as a hierarchical tree as shown in
the left portion of Figure 2 and that designers improve the initial design sketch S by
modifying the representation of S; using alternatives defined by its subordinate design
elements so that the modified one should eliminate the gaps.
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Figure 2 The measurement of designers’ decomposition and

mapping processes.

3.1. Measuring Gaps

The tool supports these activities as the following way based on the dual mapping
model. At first, the tool helps the designers elicit designers' own concept C and users’
concept C' by providing an measuring environment with a direct manipulation interface
(see Figure 3 in the next section). The first approximation we made is that users
represent their impressions to the system sketch in terms of the designers major concept,

e., {Ci}- instead of {C’;}. Thus the gaps are defined by a distance between the two
fuzzy sets. An example definition would be as follows, which is taken from [2];

d=1— Lene | —1- min(Cl,.C 1) +....+ min(min(Cn,C" n)
lcuc | max(Cl,C 1)+....+ max(max(Cn,C " n)

3.2. Eliminating Small Gaps

If d is not significantly large, the designers have to enter into a cycle of repetitive
design modification until d becomes smaller values. The tool supports theses activities
by first gaining information from the designers and then asking users for further
information if necessary. In other words, the tool iteratively elaborates the representations
shown in Figure 1. At this stage, the tool helps designers identify their own representations
of the system major design elements S; in terms of the major design concept C; ie., the
tool is used to measure designers’ mii.
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The tool provides the designers with a visual display for the values for d, {ci}, {c'J},
and {m;}, which suggest the major design elements that should contribute to eliminating
the gaps.

3.3. Eliminating Large Gaps

If d is significantly large, it is likely that both of or either of the bases for the
users’ conceptualization, {C's} and {S'«}, do not agree with those for the designers, {Ci)
and {S;}, respectively. In this case, the tool is used to elaborate the representations
defining usersO mapping processes as shown in the left portion of Figure 1. According
to the dual mapping model, the designers need to understand the users’ system
decomposition first. The tool helps designers perform this activity by applying the
same software used for measuring d shown in Figure 5. If {S'4} differs significantly
from (S}, designers might want to replace the conflicting design elements with alternatives.
An example display of the tool supporting this stage of the designers activity is shown
in Figure 6. The detailed knowledge that is gained by the measurement should facilitate
this design activity. A new design sketch will be evaluated by users, returning to the
process described in Section 3.1.

On the other hand, if designers cannot find any differences between {S;} and {S's},
the cause of the gaps should be found in the representations of major design elements
{S’x} in terms of a set of major concept {C';} that the users defined. Although it is
worthwhile to let the designers know the fact that their knowledge about concept
words is different from that of users, the tool is not as helpful, because this should be
considered as a sign of serious problem of the project itself. The designers should
have to start learning the users again.

4. A Prototype Design Support System

The implementation of the prototype design support system was built that assists
designers to enhance idea sketches by reducing conceptual mismatching during the
styling stage of the whole product design process.

Figure 3 illustrates the role of the design support system with respect to the whole
design process. The system supports interactive measurement of both users; and designers’
mapping processes, and provides immediate feedback about the results of the measurement
including design gaps. See [2] for more detailed description about the prototype system.
Thus this paper describes an outline how the tool might be used. The example design
project is to construct a portable device that can play audio tapes.
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Figure 3 Outline of the entire design process and the role of the design support
system.

4.1 Measurement Unit

Figure 4 illustrates how the system is used for measurement users’ evaluation of the
idea sketch. The interaction with the system (by the designers and the users)is supported
by direct manipulation interfaces hat have been applied for the authors(kitajima)[1].

The top-level design concept is heavy and deep and simple, and the system sketch

has been constructed as shown by Figure 4.

Figure 4 An example of idea sketch
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The design elements are hierarchically structured as shown by Figure 5. The designers
are allowed to manipulate the design elements in order to make C and C’ identical.

A prototype tool for measurement of designers and users image gap is shown in
Figure 6, Figure7 and Figure 8. The former illustrates how measurement is performed,
and the latter, how the results of measurement is back to the designers. The interaction
with the tool (by the designers and the users) is supported by direct manipulation interfaces
that have been applied for a kansei measuring system developed by one of the authors [3].

Figure 5 A tree-like representation of
the design elements.

The screen shots in Figure 5 illustrate how the tool is used for measuring designers’
and users’ conceptualization of the design sketch. Table 1 lists the base word set consisting
of 82 words that the tool uses to measure {c;} and {c'}. The design sketch is displayed on
the window as a digital image, generated by scanning a photographed design sketch. In
Figure 5 (a), the subject is asked to select image words (710) that are relevant to the
design sketch. The selection is done by clicking those words in the right scrolling window,
where the 82 words listed in Table 1 appear. The selected words are displayed in the
left scrolling window. In Figure 7, the subject is asked to identify a few words from
the selected word set that most represent the design sketch. Then the subject is asked
to sort the word set under the representative words (not shown).
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Table 1 The base concept words(82) used for the prototype tool.

alluring balanced bold brilliant  casual charming chic

praifi U pofished T pracical T précise”  prefty

pure refined refreshing repetiion restful romantic  sharp
showy simple simple and smart smooth sober soft
............................ APPEALNE e eeeimeeeeeeeeeeezeaaans

vigorous  vivid western  wild youthtul

2%
Please fill out your Personal Data:

W anyone |

Sex: omale @ femae

Let’s try the practice session first.
Then we can move on to the real job.

Figure 6 Display for Subject profile input
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Figure 7 Display used to measure mapping processes.

KIMF Interfece

Please select one of representative image.

Selected Image Words

Top Level wWords
gentle I
lunurious

heavy and deep representative image

[ refreshing_|

.

Evalustion Level Top Level - {?ﬁa}{csi I

Figure 8 Direct manipulation user interface used to measure mapping
processes. See text for explanation of each display
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In F fgure 8, the subject rates the design sketch by using each representative word
first. This rating is used as an anchor for subsequent ratings fonon-representative
words of the same category. Direct manipulation sliders are used for this version of the
tool. Measurement of designers’ {m;} and users’ {m'x} is also supported by the tool by
displaying the design elements in the left display window.

4.2 Feedback Unit

Figure 9 and 10 illustrates an example output of the tool, showing designers ratings
on the design sketch, {sj}, and users’ ratings {s’x}, and their difference d on its main
pane. The layout of the ratings is isomorphic to the hierarchical representation of the
design elements, shown in Figure 10. A handle is attached to each node window which
gives access to the corresponding design element with visual representations. Each node
window can be further elaborated; clicking results in appearance of detailed mapping
representations of designers’ {m;} and users’ {m’x} in separate scrolling windows. The
number of nodes to be displayed is controlled by a parameter, a-level. The tool
displays those nodes whose d is greater than the a-level. Thus the designer easily
identify the locations that might cause the gaps. This knowledge will be used to the
next stage of design enhancement.

Figure 9 Represents the data as a two-dimensional image map

_10_
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Figure 10 Relates the data with the design elements,helping the designers
discover alternate design solutions.

5. Conclusions

This paper proposed a dual mapping model that serves as the basis for constructing
a tool that is used by designers for the purpose of converging the users’ conceptualization
of the system sketch with that of designers. A new hierarchical interactive evaluating
tool with direct

manipulation interfaces was developed, in the present work to measure the gaps of
designers and users, taking advantage of the recent visual and object-oriented programming
platform in Visual Basic 6.0.

The proposed design support system provides designers with an integrated design
environment, consisting of a unit for measuring kanset data, a unit for analyzing the
acquired data based in the dual mapping design enhancement. this allows designers to
select consistent strategies for converging the concept that the users perceive from the
idea sketch at the intended kansei design concept that the idea sketch should convey.

But, the tool is partly implemented using the measurement method developed. A full
implementation of the tool and its evaluation is currently under way.

_11_
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