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Abstract

So far, studies on general judgments of products mainly focused on usability. Only
recently, product aesthetics is considered as well. In this context, both information on
the visual aesthetics of products and product prototypes are important issues. Several
scales exist which measure visual aesthetics of products. However, no scale on the
aesthetics of product prototypes has been established yet. In this article, the construc-
tion of a valid and reliable German version of a semantic differential on the visual
aesthetics of product prototypes is suggested. An initial pool of items shall be devel-
oped in an expert workshop. For validation of the scale, 200 participants shall judge
product prototypes with the item pool. By statistical analysis preferentially about 10
to 15 items will be chosen for the final scale. Validity will be assessed by looking at
correlations of the scale with a 1-item question on beauty and the ability of the scale
to differentiate between products differing in aesthetics.

1. Introduction

Visual aesthetics of products attracted interest of researchers only in the past dec-
ades. Mainly, focus lies on its influence on usability and general consumer judgment
or satisfaction with products. However, systematic research on the aesthetics of
products is still scarce (Carbon & Leder 2007; Liu 2003). Additionally, most studies
on product aesthetics refer to websites. Although it is, for example for the approach
of user-centered design, of special interest to gain information on the aesthetics of
product prototypes, this subject has not been systematically researched at all. This
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issue shall be discussed in detail within the next paragraphs. A research approach to
take a first step to fill that gap shall be put forward.

1.1 Product aesthetics and consumer choice

What could be the reason for you to buy precisely this canapé, or that chair? Its com-
fort? The amount of money that you have to pay for it? Or its outward appearance?
Marketing research is interested in consumer choice for quite some years (Liu,
2003). In this context, ergonomics or human factors mainly focused on aspects of
usability and usefulness of products (Carbon & Leder 2007; Lavie & Tractinsky
2004; Liu 2003; Thiiring & Mahlke 2007). Only recently, the importance of system-
atically researching product aesthetics is stressed (e.g. Carbon & Leder 2007; Liu
2003). Research indeed demonstrates the importance of product aesthetics for con-
sumer choice. Hassenzahl (2004) for example mentions beauty as a good, and often
the best predictor of products' overall impression or general user satisfaction. Strong
associations between product usability, aesthetic judgment and overall product user
impression and satisfaction were found in several studies (e.g. Ben-Bassat et al.
2006; Hassenzahl 2004; Thiiring & Mahlke 2007; Tractinsky et al. 2000), resulting
in different models regarding the causality of those relations. On the one hand, Trac-
tinsky (2000) declares that beauty influences users’ impression of usability: he postu-
lates “What is beautiful is usable”. Hassenzahl’s (2003, 2004) results on the other
hand contradict this theory: aesthetic quality and usability were found to be inde-
pendent. Both contributed to the perception of the overall judgment of a product.
Based on his findings, Hassenzahl (2003) proposes a model for interactive products
in which users’ overall judgments of products are influenced by two different attrib-
ute groups of products: “pragmatic” and “hedonic” attributes. Pragmatic attributes
are connected with the achievement of behavioral goals and therefore include utility
and usability. Hedonic attributes on the other hand are related to the user’s self. They
can be subdivided into “stimulation” and “identification”. “Stimulation” describes
the degree of novelty and challenge of the product and “identification” refers to the
ability to express yourself through the product. However, no clear empirical support
for one particular theory is found. So, the reasons for you to buy some product are
probably formed by a variety of attributes- but which they exactly are, how important
each of them is and how they interact still remains vague.

It would be interesting to gain knowledge on whether people differing in personality
traits judge aesthetics differently — and if this is the case, which patterns exist. Know-
ledge on this subject would improve the understanding of aesthetics in general. How-
ever, research on associations between aesthetic perception and personality traits do
not reveal many clear results. Thielsch (2007), for example, found that the older the
person, the more positive the judgments on the visual aesthetics of a website. Bloch’s
(2003) findings indicated that high aesthetic sensitivity was associated with a more
positive judgment of a product. Contrawise, no associations of aesthetic judgments
and gender, education, profession, internet experience, Big-Five personality traits or
aesthetic sensitivity were found by Thielsch (2007). The contrary findings on a pos-
sible association of aesthetic sensitivity and visual aesthetics may be due to the fact
that websites are judged differently from other products. A considerable part of re-
search on product aesthetics focuses on the perception of websites (e.g. Pandir &
Knight 2006; Schaik & Ling 2009; Thielsch 2007; Tractinsky et al. 2006) and prod-
ucts in general at the moment. Research on judgments of product prototypes is lack-
ing. This surprises because it seems a relevant subject, especially in the light of user
centered design (UCD).
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1.2 Judgments of product prototypes

Hall (2001) suggests UCD as a good approach for successful product design. It re-
quires designers to analyze and foresee how users are likely to use and judge a prod-
uct or interface (Gulliksen et al. 2003). Therefore, designers have to test the validity
of their assumptions with regard to user behavior and preferences. Revelations of
valid and reliable judgments on visual aesthetics of product prototypes are of particu-
lar importance because those form a necessary tool to improve products according to
the user’s needs. It is of special interest to find out whether the outer design will
please users as it can relatively easily be changed. Thereby, it would provide an op-
tion to compare different prototypes. The design which is accepted by most users
could be identified.

Another reason for interest in product prototypes comes along with the point ad-
dressed above: the general possibility to monitor and improve product prototypes in
progress. The judgments of prototypes differing in information or level of precise-
ness could be compared and one could for example establish how much details are
needed in order to be able to make valid judgments about a product generally. Sur-
prisingly, so far no standardized questionnaire is established which provides the op-
portunity to gain information on the aesthetics of product prototypes.

There are some further problems with the current state of affairs such as the often
vague or inconsistent definition of the concept visual aesthetics. This will discussed
subsequently.

2. Assessment of visual aesthetics

2.1 Definition of visual aesthetics

What becomes evident when reviewing literature on aesthetics is the amount of dis-
tinct concepts that all refer to the description of the visual appearance of products:
e.g. “attractiveness”, “beauty”, “goodness”, “creativity”, “pleasure” and “aesthetics”
(e.g. Hassenzahl 2004; Lavie & Tractinsky 2004). Concepts are not used consistently
across researches and are rarely defined specifically (Thielsch 2007). Considerable
overlap between them can be assumed. This is seldom explicitly addressed. Often,
visual aesthetics is assumed to be identical to visual beauty (Thielsch 2007). The
concepts visual beauty and visual aesthetics can be assumed to correlate highly.

In this study, visual product aesthetics is defined, in line with Thielsch (2007) and
Leder et al. (2004), as the subjective positive impression you get when looking at the
product which is followed by positive emotional and cognitive reaction. Likely, it is
a multidimensional concept (Lavie & Tractinsky 2004; Thielsch 2007). This means
that it is probably formed by separate, underlying variables. Examples could be col-
or, complexity, texture etc. Yet, these variables have not been identified conclusively
so far.

2.2 How to measure visual product aesthetics

Visual aesthetics of products is obviously an important issue. But how can this con-
cept be measured? The current solution often seems to be a single item on aesthetics
or beauty, such as “How beautiful is this pattern/product?” (Tinio & Leder, 2009).
Also, some scales on the issue exist. Hassenzahl developed, based on his theory men-
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tioned above, a semantic differential on pragmatic and hedonic attributes and attrac-
tiveness of interactive products which is widely used: the AttracDiff 2 (Hassenzahl
2003). With 28 contrary adjectives, this instrument assesses attractiveness as well as
pragmatic and hedonic attributes of interactive products. Aesthetics is not explicitly
referred to in this model but might be found in the hedonic subscales. A semantic
differential (developed by Osgood et al. 1957, cited by Judd et al. 1991) comprises
contrary pairs of adjectives judged on a seven-point rating scale. Originally, the scale
was developed in order to measure the meaning of an object to an individual. An
example of an original pair of adjectives would be “good-bad”. Additionally, there
are a number of questionnaires which quantify specifically the visual aesthetics of
websites (Lavie & Tractinsky 2004; Visual aesthetics of Website Inventory (VAWI)
developed by Moshagen 2005, cited by Thielsch 2007).

In sum, there exist several standardized questionnaires on the visual aesthetics of
products and websites. However, no standardized questionnaire on visual aesthetics
of product prototypes is available yet although is of particular interest to gain more
knowledge on this subject, e.g. when applying user centered design (UCD). There-
fore, the development of a new scale on the visual aesthetics of product prototypes is
suggested.

2.3 Possible strategies for the construction of the scale

Two strategies for the construction of the scale were taken into consideration. One
could, on the one hand, use a well-researched questionnaire on visual product aes-
thetics as starting point, adapt it and then test its generalizability onto product proto-
types. On the other hand, one could construct an entirely new scale on visual product
aesthetics, based on an expert workshop for generating new items which specifically
match the specific characteristics of product prototypes.

Two widely used scales were taken into account as possible starting points by the
authors: the AttrakDiff2 (Hassenzahl, 2003) and the scale on visual aesthetics of La-
vie & Tractinsky (2004). The former is developed based on the theory of Hassenzahl
mentioned before. Each subscale (stimulation, identification and pragmatic) was, in
accordance with the theory, established and validated separately. To our knowledge,
the total structure of the scale was examined assuming the verity of the theory. No
inspection was performed on whether the theoretically assumed subscales could real-
ly be found in the data e.g. by performing a factor analysis on all adjectives and not
only the subscales. His theory is, however, not satisfactorily validated yet and it
could therefore be biased. This would lead to a biased scale. Also, the scale does not
exclusively focus on the aesthetics of products. As a consequence, the authors de-
cided that it would be problematic to use this scale as a starting point. The latter was
constructed independently of any theory and would thereby form a better option as
starting point. However, this scale focuses on websites. Many items are mainly ad-
dressing aspects of websites and the generalizability to other products is not con-
firmed yet. Possible usage for product prototypes remains questionable.

In sum, the addressed issues led the researchers to choose for the construction of a
new scale on the aesthetics of product prototypes rather than the adaptation of an
existing scale. Adjectives established in an expert workshop shall provide an initial
pool of items. In the next step, about 200 persons shall be asked to judge products
with this pool online. Based on the correlations of these judgments with the one item
on aesthetics, factor analysis and reliability analysis, a certain amount of pairs of
adjectives (aimed are about 10 to 15) will be chosen for the final scale. The proce-
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dure of item generation, -selection and —verification and the proposed statistical me-
thod is described in detail bellow.

3. Method

3.1 Item acquisition

Items established in an expert workshop will be used as initial item pool for further
validation.

3.1.1 Expert workshop

An expert workshop with five experts on designing will provide an item pool for the
scale. Four product designers, one professor on product designing and one web de-
signer with more than four years of working experience in the field will take part in
the workshop. Experts on designing were chosen because of their knowledge on vis-
ual aesthetics. Bipolar adjective pairs will be established in a workshop of approxi-
mately three hours. First, a definition of aesthetic will be provided. In the next phase,
each expert will produce semantic differentials individually. Those will be read out
loud and immediate feedback can be given. This should lead to adaptation and gen-
eration of new items. In the final phase, all items are read out and each participant
can use veto if the item doesn’t seem good to him/her. Only the items without veto
will be used for the initial version of the scale. Examples for the established items
would be: “intuitiv-rational” (intuitive-rational), “fragil-stabil” (fragile-stable) and
“interessant-langweilig” (interesting-boring).

3.2 Stimulus material

In a former study (Wiese et al., 2009), 12 student designers created different types of
lamps in a student project. In a pilot study, those lamps are judged with regard to
their aesthetics by 10 participants (judged on two single items on beauty and aesthet-
ics on a seven point scale). The most and least aesthetic lamps and one neutral lamp
are chosen as stimulus material (see for examples figure I).

Figure 1: possible stimuli

3.3 Online version of the scale

The online version of the initial scale will be provided with the program “limesur-
vey” (open source application provided by “The LimeSurvey Project Team”, 2003).
Participants shall be asked to take part in this research via email (with a link to a
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website with the scale). The time to answer all questions should not exceed 15 min-
utes. First, demographical information will be asked, then the lamps will subse-
quently be shown and judged with the adjectives and one-item questions on beauty
and aesthetics. The one item questions will be used to ensure the validity of the
questionnaire. For the final scale, only items will be chosen which correlate highly
with aesthetics in the first place. The final scale will be correlated with the item on
beauty for convergent validity- beauty is expected to correlate highly with aesthetics.
If the 15 minutes are not exceeded, the 11 item scale on aesthetic sensitivity (CVPA-
g; Bloch et al. 2003, German version by Moshagen & Thielsch 2007) will be admin-
istered as well.

3.4 Statistical analysis

34.1 General approach

For the construction of a scale, statistics forms a valuable tool to select the best items
out of a large item pool and it also gives information on whether those selected items
can be expected to form a good scale. In this case, about 10 to 15 items shall be
picked for the final scale. Several criteria for choosing the best items are well-
established, such as the loadings of the items on latent factors (identified by factor
analysis) and reliability analysis such as Cronbachs’s alpha, inter-item and item-rest
correlation.

First of all, the correlations of the individual items with the item on aesthetics will be
examined. Only items which correlate highly (e.g. r > .5) will be used for further
analysis. Subsequently, the structure of the scale will be looked at with an explor-
ative factor analysis (EFA) with the statistical software Lisrel (Joreskog & So6rbom
1993). EFA is a statistical method used to describe variability among observed va-
riables in terms of fewer unobserved variables called factors. The observed variables
are modeled as linear combinations of the factors, plus "error" terms. The informa-
tion gained about the interdependencies can be used to reduce the set of variables in a
dataset. For the scale, a clear structure of one or more factors is aimed. The factors
should be explicitly identified by the items which load highly on them and should be
interpretable, which means that it should be obvious which latent variable each of
them describes. Therefore, items which load on more than one factor, which load on
factor/s which shall not be included in the scale (for example because they are not
interpretable), which load only weakly on one factor and which load on more factors
can be left out. Crossvalidation will be used to ensure that the found structure is no
coincidence: the structure identified with EFA on one half will be checked with a
confirmatory factor analysis (CFA) on the second half of the data. Only if the CFA
supports the results found with the EFA, good quality of the structure of the scale is
probable. To further ensure the quality of the structure of the scale, it should also be
the same for all three lamps. Therefore, factor analysis will be performed for each
lamp separately as well.

In order to establish the reliability of the scale, Cronbachs’s alpha, inter-item and
item-rest correlation will be looked at. Cronbach’s alpha measures how well a set of
variables or items measures a single, unidimensional latent construct. As minimum
value, .80 is chosen which indicates good reliability. If more factors are found, the
same should apply for the subscales. Aiming at getting Cronbach’s alpha as large as
possible, items which decrease it can be erased. Also, items which do not have the
inter-item and item-rest correlations aimed at can be left out because they fail to
measure the same concept as the rest of the scale and/or they fail to differentiate be-
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tween different degrees of aesthetics. Mean inter-item correlation should be between
.20 and .40 in order to be optimal or between .10 and .50 in order to be acceptable,
and item-rest correlations should be above .20.

Regarding convergent validity, Spearman’s correlations of the scale total score with
the item on beauty will be considered. It should be significant and positive. Further-
more, the ability of the scale to differentiate between the most aesthetic and the least
aesthetic lamp will be examined with a t-test. There should be a significant differ-
ence between the judgments of the two lamps- otherwise whether the scale measures
what we intend to measure should seriously be disputed.

34.2 Hypotheses

So, the precise hypotheses for the finale scale are:

1) The individual items should correlate highly with the item on aesthetics.

2) Cronbach’s alpha should be very good (if more factors, this should apply for
the subscales). As minimum value, .80 is chosen.

3) Mean inter-item correlation should be between .20 and .40 in order to be opti-
mal or between .10 and .50 in order to be acceptable, and item-rest correla-
tions should be above .20.

4) The final scale should have a clear structure (preferably unidimensional, if
more dimensions they should be interpretable) which should be verified by
confirmatory factor analysis (using crossvalidation).

5) The structure of the scale should be the same for each lamp.

6) Validity should be indicated by: positive significant correlation of the total
score of the scale with the item on beauty. The scale should be able to differ-
entiate between the most aesthetic and the less aesthetic lamp.

Exploratively, the correlations of the total score of the scale with aesthetic sensitivity
(CVPA-g) and age will be looked at.

4. Conclusion

As presented above, a gap in research on product aesthetics is obvious: only few em-
pirically validated scales on the visual aesthetics of products and no scale at all on
the aesthetics of product prototypes are established so far. Valid and reliable judg-
ments on the aesthetics of product prototypes are of special interest in order to obtain
well-grounded information on prototypes, e.g. for UCD approaches. Also, they might
provide the possibility to systematically compare between different prototypes or
between different phases of the same prototypes. This might improve the effective-
ness of the UCD approach. In this article, a research approach for the construction of
a new scale is suggested. A semantic differential which describes the aesthetics of
product prototypes shall be established and subsequently validated. This might form
a first step to fill that gap by gaining empirically grounded knowledge on judgments
of product prototypes. In order to generalize results, the psychometric properties of
the scale will have to be examined for other products than lamps. This shall form a
necessary next step to ensure the quality of the scale.
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