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Abstract. A method for 'metaphor engineering' is introduced in the context of
participatory multimedia design. Our hypothesis, that adults talk to children more
with a metaphorical language than to other adults, was empirically verified.
Especially male adults do not qualify for the job as metaphor engineers. Metaphors
are powerful, but not sufficient to come up with a good interface. Single, over-
detailed metaphors can be too restrictive and unwieldy. Effective interface
metaphors often evolve over time through design, evaluation and redesign. The
approach presented in this paper guarantees that the starting point of the design
cycles can be optimised.
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1 The Interface Metaphor

The construction of hypertext systems needs several design solutions, "which re-
quires dedicated methodological support". One important design problem is finding
a metaphor for the interface architecture, which is the design basis for the screen
layouts and the dialogue structure (Carroll 1982) (Carroll 1985) (Chauvet 1991).
This approach leads directly to the usage of multimedia interface technology
(Carroll 1988) (Eberleh 1991) (Shum 1990).

Waterworth (1992) distinguishes four different levels of analogy in interface de-
sign (cf. Hutchins 1989). The conceptual model is the overall view of the system, or
part of the system, as conceptualised by the design team. This may comprise one
overall metaphorical view or several metaphors and also non-metaphorical aspects.
Mental models describe how users view the system, which of course will vary with
the sophistication and experience of the user. This should hopefully be reasonably
compatible with the conceptual model, but will not be identical in detail nor will it
be complete. "A metaphor in this context is a mapping relation between aspects of
the conceptual model and the world at large (e.g., a desktop). Interaction modes are
details of user operations that are included in the conceptual model and may corre-
late with metaphors (clicking to open a file, dragging to move from one folder to
another, uttering a word to place a marker, for example)" (Waterworth 1992, p. 91).

Waterworth (1992) illustrates furthermore the different levels at which system
functionalities and metaphor characteristics correspond to each other in Table 1 (see
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also Hammond and Allison 1987). A metaphor need not be appropriate at all levels
of description. Different metaphors at the same level of description may be
appropriate and multiple metaphors may often be useful (Weyer 1985).

Level Interaction events Example metaphor System perspective
Pragmatic Tasks Finding out about a

topic
User session(s)

Semantic Ways of doing tasks Going on a library tour Organised set of traversals
Syntactic Combinations of

moves/items
Selecting a book and
'opening' it

Displayed node

Lexical Items/moves (icon,
clicks, pointing, etc.)

Pointing at a picture Input/output token recog-
nised

Table 1. Levels of system-metaphor mapping (Waterworth 1992).

Metaphors are not 'right' or 'wrong' descriptions: rather they are 'stimulating'
invitations to see a target domain in a new light (Richards 1936) (Haverkamp
1983). But, where do metaphors come from? As Carroll, Mack and Kellog (Carroll
1988) claimed, that "there is not now (and likely never will be) a discovery
procedure for metaphors," we try to overcome this position. In the context of a
participatory approach (Rauterberg 1992) we are looking for a method which
generates a metaphor by the domain expert himself. This participatory approach
ensures that the generated metaphor fits the application domain. If we try to design
a multimedia information system for a new domain (e.g., proofs in philosophical
theories), then we need a lot of different and unknown design concepts. We cannot
continue to use well-known metaphors (see Figure 1) (Henderson 1986) (Carroll
1988) (Gould 1990). One way to discover these concepts is to ask domain experts.
So, we are looking for a method, which stimulates the domain expert to describe his
target domain in a metaphorical language.

desktop

office

room

geographical
information system 
(GIS)

euclidean
- virtual 3D

space
symbolic
- link structure

Figure 1. Historical influences for the Euclidean and symbolic space concept.

The domain knowledge of an expert is directly communicable only to other ex-
perts with the same domain knowledge. If we try to understand a foreign domain
then we need a mapping or transformation of the unknown knowledge into our own
knowledge structure. Incidentally, each teacher looks for these mappings (the
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arrows in Figure 2). Hammond and Allison (1987) make a distinction between
mapping abstraction of primary metaphor entities and mapping invocation, of
secondary metaphor entities. Primary metaphor entities are activated initially in an
all-or-none fashion. The secondary metaphor entities are generated later, when a
lack of knowledge is perceived. To avoid unnecessary problems Waterworth (1992)
recommends to omit secondary metaphor entities.

domain knowledge-II

common sense knowledge

metaphorical descriptions

domain knowledge-I

Figure 2. Communication of domain specific knowledge through mapping to a metaphorical
description as part of the common sense knowledge.

'In the knowledge lies the power' has become a popular maxim in the context of
artificial intelligence. 'In the metaphor lies the power' will become a popular maxim
in the context of hypertext and multimedia system design. But, how can we
discover suitable metaphors? The conventional way is to choose a metaphor from
the set of known metaphors. Another design strategy is to develop a metaphor and
look how it works (Carroll 1988). Only a domain expert himself, however, can
correctly build all necessary mappings. He is the only one who has full control over
his domain knowledge as well as the appropriate metaphorical descriptions of the
common sense knowledge. This is the core of our approach: to look for a metaphor
engineering method in the framework of a participatory design approach.

To optimise knowledge engineering methods, the following observation was
quite interesting: if the knowledge engineer is a woman, then male experts do ex-
plain considerably more details compared to the situation where the knowledge
engineer is a man. Initiated by this idea we looked for a social context in which a
metaphorical language is normally used: this situation is given if adults explain
something to children.

First we have to proof the 'children' idea to invent a 'metaphor engineering' me-
thod. Second, if the 'children' idea was successful, then we have to develop a prac-
tical metaphor engineering method.

2 Validation Procedure

To proof and validate our 'children' idea as a basis for a metaphor engineering me-
thod we carried out an empirical investigation. Domain experts explained parts of
their domain knowledge to both adults and children. We recorded all explanations
of the domain experts on video and analysed this material in terms of the amount of
metaphorical descriptions.
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2.1 Subjects and Experimental Setting
A total of 6 male students of physics participated as domain experts in this exper-
iment. Twelve children were schoolboys (N=6) and schoolgirls (N=6) of a primary
school in Basel (N=8 with age among 8 and 13 years, N=4 with age among 12 and
13 years). Twelve adults (male N=7, female N=5) were students of computer
science or physics (N= 9, age 20-25 years) or people with an other educational
background (N=3, age 40-50 years).

Each expert had about 10 min explanation time for two different domains. To
control sequential effects each expert has to explain both domain problems twice to
2 children and 2 adults in two different orders ([D1 –> D2], [D2 –> D1]), so that
each expert explained the two domains to 4 different 'metaphor engineers' (see
Table 1). A total of about 40 min explanation time per expert was recorded on
video.

2.2 Target Domains and Procedure
The domain experts were instructed to explain the following two problems (do-
mains): (D1) "Why does the sound of a car change, if the car passes by?" (Doppler
effect); (D2) "What happens in a bulb, if someone closes the circuit?" (Light gene-
ration).

We used a 3-factorial test design with the following three independent variables.
Factor A is 'naivety': the presumed knowledge of the 'metaphor engineers' (child,
adult). Factor B is 'sex': the sex of the 'metaphor engineers' (male, female). Factor C
is 'domain': two domains "Doppler effect" and "light generation." The factor 'sex'
was approximately balanced. The factor 'naivety' and 'order' were completely bal-
anced.

To analyse the video sequences we derived categories from the literature
(Haverkamp 1983) (Lakoff 1980) (Lieb 1967) (Richards 1936) (Wiedemann 1986).
We used 3 fixed categories 'onomatopoeia', 'gesticulation', 'drawing', and open me-
taphorical categories, which were protocolled during analysing the videos.

A metaphor is defined as follows (Lakoff 1980) (Lieb 1967): (1) If we interpret
a word or a syntactical structure of words of an explanation in their ordinary, con-
text free sense ("common sense"), then the meaning of this part of the explanation is
senseless or impossible. We call this first condition the "internal incompatibility."
(2) If we relate the context free interpretation of a part of an explanation to the
context of the whole explanation, then the meaning of this relation is senseless or
impossible. We call this second condition the "external incompatibility." We
classified parts of an explanation as metaphors, if we found an internal or an exter-
nal incompatibility.

We discuss one example of a metaphor classification. One domain expert used
the metaphorical description of "balls" for atoms to explain domain D2. He said:
"All balls strike together." We have no internal incompatibility, but an external in-
compatibility in the context of electricity in a bulb. Metaphors with an internal in-
compatibility are often used in poems (e.g., "the green moon sang a sad song").
Sometimes we use this type of metaphor to describe special aspects of user inter-
faces (e.g., "the interface looks like a transparent house").
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2.3 Dependent Variables and Results
Two trained raters (students of computer science at the ETH) analysed 48 video se-
quences - one for each experimental condition- in 15 seconds' intervals. In this
paper we present the results of three dependent variables.

(1) The 'percental ratio of metaphors overall' used in each explanation trial is the
sum of all 15 seconds' intervals, which included the usage of any type of metaphor.
This measure is calculated over all metaphorical categories (fixed and open)
corrected by the individual duration of explanation time.

(2) The 'percental ratio of different metaphors' is the sum of all 15 sec. intervals,
which included the usage of different metaphors.

(3) The 'percental ratio of repetitions' of metaphors is the difference between the
'percental ratio of metaphors overall' and the 'percental ratio of different metaphors'.
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Figure 3. Percental ratios of the behavioural categories differentiated for the factor 'naivety'
and the factor 'domain.'

We analysed the data with a 3-factorial analysis of variances. To give an
overview of our results we present the percental ratios of our categories, which
describe the most interesting aspects of the experts' behaviour. The portions of each
category in Figure 3 give only the relative relations among the depicted categories
and not the absolute values among all categories.

2.3.1 Percental Ratio of Metaphors Overall
The percental ratio of metaphors overall is an absolute measure to describe how
much time each domain expert explains the problem to the 'metaphor engineer' with
metaphorical terms. The main effect 'naivety' is significant (p≤ .016, see Table 2).
We can observe a moderate difference between both domain problems (p≤.067, see
Table 2). The six experts tried to illustrate the domain "Doppler effect" using
metaphorical terms on average 35.7% of their explanation time. To illustrate the
domain "light generation" they used metaphors in 28.3% of their explanation time.

The domain experts used significantly more metaphors explaining to children
(mean 37.8% of explanation time, N=24, see Table 2) compared to talking to adults
(26.3%, N=24, see Table 2). We did not find a significant effect of the sex of the
'metaphor engineers,' but a significant interaction between the factors 'naivety' and
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'sex' (p≤ .017, see Table 2). Basically, the experts used the maximum of me-
taphorical terms talking to boys and the minimum of metaphors talking to men. The
domain experts differed in their use of a metaphorical language. So, we got a sig-
nificant difference between the 'metaphorical' language of the 6 experts (p≤ .001;
result of an additional analysis).

––––––––––––––––––––––––––––––––––––––  ––––––––––––––––––––––––––––––––––––––
  Source         df   F–test    prob           male (%)   female(%)  total  N
––––––––––––––––––––––––––––––––––––––  ––––––––––––––––––––––––––––––––––––––
  A naivety       1     6.226   .017    child  39.7±13.7  35.8±12.7   37.8  24
  B sex           1     2.337   .134    adult  19.6±14.9  35.7±14.5   26.3  24
  C domain        1     3.539   .067    ––––––––––––––––––––––––––––––––––––––
    A x B         1     6.176   .017    total  28.9±17.4  35.813.2    32.0
    A x C         1     1.288   .263        N  26         22                48
    B x C         1      .015   .902    ––––––––––––––––––––––––––––––––––––––
    A x B x C     1      .213   .647    (group means of metaphors overall)
––––––––––––––––––––––––––––––––––––––  ––––––––––––––––––––––––––––––––––––––

Table 2. ANOVA results of the dependent variable 'percental ratio of metaphors overall' with
factors 'naivety', 'sex', and 'domain', and the absolute means for the factors 'naivety' and 'sex.'
[Cell mean ± standard deviation]

2.3.2 Percental Ratio of Different Metaphors
The experts used significantly more different metaphors talking to a female (19.6%,
see Table 3) than talking to a male person (14.7%, p≤.014, see Table 3). The
domain "light generation" evoked on average 20.7% metaphors, the domain
"Doppler effect" only 13.3% (p≤.009, see Table 3). We see a clear minimum of
different metaphors in the cell 'male-adult' (significant interaction 'naivety' and 'sex',
p≤ .001, see Table 3).

The experts differ in explaining both domain problems. Two experts (33%) pre-
fer significantly the female 'metaphor engineers.' Also, to illustrate the 'light' prob-
lem the experts use significantly more different metaphorical categories than to il-
lustrate the 'Doppler' problem. To demonstrate the Doppler effect most of the ex-
perts used onomatopoeia (Light generation: 1%, Doppler effect: 11%, p≤ .001, see
Figure 3).

––––––––––––––––––––––––––––––––––––––  ––––––––––––––––––––––––––––––––––––––
  Source         df   F-test    prob           male (%)   female(%)  total  N
––––––––––––––––––––––––––––––––––––––  ––––––––––––––––––––––––––––––––––––––
  A naivety       1     2.726   .107    child  19.1± 5.6  18.7± 6.7   18.9  24
  B sex           1     6.667   .014    adult  11.0± 8.0  20.8± 8.4   15.0  24
  C domain        1    16.928   .001    --------------------------------------
    A x B         1     7.596   .009    total  14.7± 8.0  19.6± 7.4   17.0
    A x C         1      .615   .438        N  26         22                48
    B x C         1      .502   .483    ––––––––––––––––––––––––––––––––––––––
    A x B x C     1      .037   .847    (group means of different metaphors)
––––––––––––––––––––––––––––––––––––––  ––––––––––––––––––––––––––––––––––––––

Table 3. ANOVA results of the dependent variable 'percental ratio of different metaphors'
with factors 'naivety', 'sex', and 'domain', and the absolute means for the factors 'naivety' and
'sex.' [Cell mean ± standard deviation]
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2.3.3 Percental Ratio of Repeated Metaphors
The experts used significantly more repetitions talking to a child (18.8%) than
talking to an adult (11.3%, p≤ .020, see Table 4). We see a clear minimum of re-
peated metaphors in the cell 'male-adult' (8.6%, no significant interaction 'naivety'
and 'sex', p≤ .095, see Table 4).

––––––––––––––––––––––––––––––––––––––  ––––––––––––––––––––––––––––––––––––––
  Source         df   F-test    prob           male (%)   female(%)  total  N
––––––––––––––––––––––––––––––––––––––  ––––––––––––––––––––––––––––––––––––––
  A naivety       1     5.884   .020    child  20.6±11.6  17.1± 8.7   18.8  24
  B sex           1      .241   .626    adult   8.6± 9.5  15.0± 8.5   11.3  24
  C domain        1      .001   .993    ––––––––––––––––––––––––––––––––––––––
    A x B         1     2.928   .095    total  14.2±12.0  16.2± 8.5   15.1
    A x C         1     1.171   .286        N  26         22                48
    B x C         1      .076   .784    ––––––––––––––––––––––––––––––––––––––
    A x B x C     1      .271   .606    (group means of repeated metaphors)
––––––––––––––––––––––––––––––––––––––  ––––––––––––––––––––––––––––––––––––––

Table 4. ANOVA results of the dependent variable 'percental ratio of repeated metaphors'
with factors 'naivety', 'sex', and 'domain', and the absolute means for the factors 'naivety' and
'sex.' [Cell mean ± standard deviation]

2.3.4 Discussion
Our main hypothesis was confirmed (see Table 2). If the domain experts explain
their domain problems to children, then we can observe that they repeat their intro-
duced metaphors (see Table 4) and do not generate new metaphors within the con-
text of a metaphorical category (see Table 3). In many cases the domain experts
prefer to change the metaphorical category  (see Table 3). So, children are suitably
to play the role of a 'metaphor engineer', of course not exactly the same role as a
'knowledge engineer'; they function  more like a 'catalyst' in a metaphor extraction
session.

We can conclude from our results, that male adults are definitely not appropriate
to play the role of a 'metaphor engineer' (see Table 3). The most appropriate persons
are children or female adults (see Table 3 and Table 4).

What else do we need further on for a metaphor generation method? We have
the verification that male domain experts use a more metaphorical language
explaining something to children or women than talking to other men.

The final and till now unsolved step is to develop a guide, which describes the
whole procedure: (1) criteria for selection of the domain expert, (2) criteria for se-
lection of the 'metaphor engineer', (3) requirements for the interview session, (4)
criteria for the analysis phase, and (5) a set of rules to convert narrative metaphors
into design metaphors.

3 Multimedia Interface Design: an Example

What kinds of metaphors are generated by the domain experts? How can we trans-
form these metaphors to multimedia design? We try to give preliminary answers to
these questions in this section.

First, we present three examples, and then we discuss the transformation of these
examples to multimedia design. One domain expert used the following description
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to explain the Doppler effect (D1): "Imagine you stand at a highway and you hear a
car passing you: Iiiioouum!" The expert introduced the context 'highway with cars'
and used an onomatopoeia to demonstrate the Doppler effect.

Figure 4. An interface design for the 'light generation' domain based on the 'people – road'
metaphor.

Another domain expert described the light generation (D2) with the following
words: "Imagine the circuit as a river or a brook. A power plant pumps water on a
high level. At your home the water falls down and drives a water wheel." Another
expert explained the same domain with the following metaphor: "Imagine a demon-
stration of people on a large road in a city. The head reaches a narrow lane. To
avoid jams in the narrow lane the people have to hurry up. They slow down again
when they reach a large road."

As one can see from these three examples, the transformations to the design of
multimedia interfaces appear to be quite simple and straight forward. The first ex-
ample leads us to the implementation of a sound track. The second example shows a
more complex metaphor. We can transform water, power plant, house, and water
wheel directly into a dynamic animated environment. With this metaphorical
description, however, we can not explain the effect of resistance. From the third
metaphorical description we can derive immediately an appropriate extension for
the last metaphor. Consequently, we better change completely the design from
passive 'water' to active 'people' (see Figure 4).

4 Conclusion

Let us summarise the main results of our study. We were interested in finding a
method for metaphor generation, which is practicable in a participatory design mo-
del (Rauterberg 1992). According to our results, children and female adults are sui-
tably to play the role of a 'catalyst' in a metaphor engineering session. We presented
the following two practicable criteria, which are helpful to detect metaphors in a
narrative interview (Lieb 1967): (1) If we interpret a word or a syntactical structure
of words of an explanation in their ordinary, context free sense ("common sense"),
then the meaning of this part of the explanation is senseless or impossible. (2) If we
relate the context free interpretation of a part of an explanation to the context of the
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whole explanation, then the meaning of this relation is senseless or impossible.
Finally, we illustrated the way from metaphor extraction to multimedia interface
design. In this paper we presented the epistemological basis for this approach.

Metaphors are powerful but not sufficient to come up with a good interface.
Single, over-detailed metaphors can be too restrictive and unwieldy (Waterworth
1992). Carroll (1988) is right that "effective interface metaphors often evolve over
time through design, evaluation and redesign." We could show that the approach
presented in this paper leads to a promising starting point of the cyclical design
process.
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