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Beyond usability: designing for consumers’ product experience using

the Rasch model

Many manufacturers wish to relate the physical properties of their products to

customers’ affective responses so that they can improve the design of their

products. Rasch measurement theory is a novel approach in this context that

could offer business benefits over other approaches. The aim of the research was

to determine whether Rasch measurement theory can support the construction of

a scale to measure the affective impression of a moisturizer cream elicited by the

compliance of the moisturizer’s packaging. The compliances of packaging used

to develop a scale for the impression of the contents of the packaging in previous

research were measured. New packaging prototypes were manufactured with a

range of compliances to determine whether affective responses to them could be

predicted. A new sample of sixty seven participants rated the prototypes against

Likert statements on a five-point scale. The statements were derived from

descriptions of the users’ product experience. The scale was recalibrated using a

multi-facet Rasch model. It was found that the affective responses to the

prototypes fell within the range predicted by the original scale. The results

demonstrate that Rasch measurement theory can be used to achieve the objective

correspondence between affective responses and the physical properties of a

product, and the information can be used in new product development.

Keywords: experience design, human factors engineering, affective engineering,

kansei engineering, Rasch measurement theory.

1. Introduction

This paper is about measuring people’s emotional responses, sentiments or

attitudes to products, so that the relationships between the formulation, physical

properties or features of a product and the responses can be modelled and used to

inform the product’s design. The scope of these responses could include, for example,

whether a motor vehicle is pleasant to drive, and aspects of the product experience, such



as whether a razor feels as though it’s the “best a man can get”
1
, or whether some

laundry detergent “gets to the heart of the wash”
2
, and affords the launderer the

satisfaction and fulfilment of caring for his/her family. These emotions and attitudes

reflect latent variables or constructs which cannot be directly observed, and which

cannot be measured as easily as other objective aspects of the product. They reflect

aspects of the total product experience which go beyond the products’ functionality or

usability, and are associated with the emotional benefits provided by using the product.

Consequently they are influenced by culture, personality, and experience, and by the

socio-economic status of the consumer. These latent constructs are important, because

they are often the principal discriminator between competing products (Childs,

Agouridas, Barnes and Henson 2006). In this paper, the emotions and attitudes about

products are referred to as the affect, and their expression by people is referred to as

their affective response.

The aim of the experiment reported in this paper was to determine the

correspondence between the physical properties of a product and affective responses

using Rasch measurement theory. Approaches to quantification of people’s affective

responses to products include counting, such as counting the number of consumers who

say that they would recommend a product to a friend, and ranking, such as when asking

consumers to place a range of products in order of their preference. However, such

techniques do not provide interval level measurement. Rating scales can be used on

which people are asked to respond to statements (as in Likert scales (Likert 1932)) or

contrasting adjectives (as in the semantic differential scale (Osgood, Suci and

Tannenbaum 1957)) on, typically, five or seven point scales. The values assigned to

1
Advertising slogan used by the Gillette Safety Razor Company.

2
Phrase used in relation to laundry detergent by both P&G and Colgate.



responses in each category are then taken as some sort of quantification of an

underlying construct. These scales do not provide interval level measures (Stevens

1946), although they are often used as though they do. Ratings are sometimes analysed

using factor analytic techniques such as factor analysis, principal components analysis

(PCA) (Snider and Osgood 1969), and multidimensional scaling (Shiffman, Reynolds

and Young, 1981) to construct semantic spaces in which to visualize the responses.

A disadvantage of rating scales is that they rely on the honesty and awareness of

the respondent for their validity. Techniques used to quantify affective responses using

objectively manifested responses include analysis of facial expressions (Zeng, Pantic,

Roisman, and Huang 2009) and electroencephalography (Schaaff 2009). The challenge

with these techniques is that the features taken as a proxy for the underlying construct

need to be identified and signals from different sources meaningfully combined (Gunes,

Piccardi, and Pantic, 2008).

There are a number of techniques from the domain of psychophysics for

measuring sensory aspects of products which are beyond the scope of this paper (see for

example, Kingdom and Prins (2009)), and the concept of relating sensory and affective

responses to product design is well-established in the domain of food science, many of

the principles for which were established in the 1950s and 1960s (Drake, Drake,

Bodyfelt, Clark, and Costello 2009). Extension of the concept to the quantification of

affective responses and their relationship with product properties is not so well

established in product design, and many researchers cite Nagamachi’s kansei

engineering (Nagamachi 1995) as the initiation of the concept in human factors

engineering. In Nagamachi’s approach, based on Osgood’s semantic differential

technique (Osgood, Suci and Tannenbaum 1957), a large number of people (typically

many dozens) are asked to rate a product against a number of adjective pairs (antonyms



or declarative opposites) on multi-point scales. The responses to the questionnaires are

turned into a quantification of affective response using PCA to create a semantic space

against which the physical properties of the products can be correlated. In the authors’

view, many published kansei engineering studies have adapted and applied Osgood’s

method poorly by, for example, using poor experiment design with inadequate samples,

and do little to promote rigour in measurement of affective responses.

From a commercial perspective, the principal problem with this approach is that

it is expensive. If a manufacturer measures the affective responses to the use of a new

fabric detergent using a large sample of consumers, changes to the detergent’s

formulation have to be assessed by repeating the entire study. Furthermore, the

approach often does not match the industrial product development process.

Manufacturers usually wish to know about specific constructs identified from market

research which are associated with particular product experiences, trends, or brand

values. However, PCA lets constructs emerge empirically from the data, and it is often

difficult to relate the resulting semantic space to the constructs the manufacturer wishes

to know about. For example, in a study looking for fresh and real qualities of

packaging, dimensions for appealing and genuine emerged from the data (Childs,

Agouridas, Barnes, and Henson 2006).

From a technical perspective, if the process is not implemented with care,

inaccuracies can be introduced. These include treating the scales as interval, when they

are at best ordinal (Wright and Linacre 1989, Stevens 1946); the assumption that

adjective pairs plotted on the semantic space are equidistant from the neutral point

(Heise 1969); and the assumption that common word pairs are antonyms (Mordkoff

1963). Unwanted sources of variance, such as imprecision in reliability, factor scores

and group means, also cause inaccuracies (Borsboom 2006). While it is not entirely



clear to what extent the inaccuracies affect quantification, it is widely accepted that they

result in a non-linear correspondence between people’s affective ratings and design

elements. Asking people to make their ratings on continuous lines (the visual analogue

scale) instead of according to categories does not make the response linear (Thomeé,

Grimby, Wright and Linacre 1995). The use of neural networks (Ishihara, Ishihara,

Nagamachi and Matsubara, 1995), fuzzy logic (Hotta and Hagiwara 2005), and rough

set theory (Nagamachi 2008) have been proposed to overcome problems of non-

linearity in data. These approaches, however, lack metrological rules such as

traceability and variance control (Rossi 2007), and therefore remain ones of analysis of

a particular sample without allowing results to be compared. Because of the difficulty

in comparing outcomes of studies, many of the things manufacturers would like to

know are difficult to quantify, such as comparisons of the preferences of different

market segments, or evaluations of products over time.

The Rasch measurement model has been proposed to address these problems.

The Rasch approach uses probabilistic models of peoples’ responses rather than

descriptive statistics, was pioneered in education, and is now widely established in

medicine and psychological testing (Rasch 1960, 1980; Embretson and Reise 2000).

Data from questionnaires which fit the model are transformed into linear measurement

(Rasch 1960; Luce and Tukey 1964; Karabatos 2001). The measurement has a

quantitative structure that demonstrates additivity and invariant comparisons (Andrich

1988). Invariant comparisons is a property of the model which means that comparisons

between individuals are independent of the statements on the questionnaire and the

particular products in the study; and, conversely, that comparisons between products are

independent of the individuals and statements. Rasch theory is related to item response

theory (Embretson and Reise 2000), although many Rasch practitioners and researchers



distance themselves from the association. Despite its widespread use in other domains,

Rasch theory has not yet been widely used in measurement of product evaluation,

although it has found some application in marketing (Salzberger 2009).

The Rasch approach might offer advantages when attempting to identify the

physical properties or features of products that elicit particular emotional or affective

reactions from individuals. From a commercial point of view, the principal benefits of

using the Rasch approach perhaps lies in the ability to calibrate questionnaires. Once

calibrated, it should be possible to administer questionnaires to small samples without

loss of reliability, and develop computer adaptive implementations of questionnaires.

These should substantially reduce the costs of measuring consumers’ affective

responses to products.

In this paper, research is reported in which it is demonstrated that Rasch

measurement theory can be used to identify an ideal range of compliance values for the

packaging for moisturizer creams. The research is novel because demonstrates that a

scale can be used to relate affective responses to physical properties of a product, and

consequently be used to design new products. A brief description of the Rasch model

used in the research is described in Section 2. It is included for completeness, and

knowledge of the details of the models is not necessary for an understanding of the

research. Previous research that establishes the theoretical underpinning for the work is

outlined in Section 3. Method, results and discussion are included as Sections 4, 5 and

6, respectively.

2. Theory

Rasch (Rasch 1960, 1980) expressed his original model in terms of the

correctness of an individual’s response to the difficulty of reading assessment. Here,

the language is transposed to that of product evaluation, in which an item refers to a



response to a statement or adjective pair on a questionnaire. Thus Rasch’s model is the

conditional probability that a person will endorse a statement (or item) against a

dichotomous scale (e.g., yes or no) as a logistic function of the difference between the

person’s inclination to endorse the statement (ȕ) and how easy it is to endorse the

statement (į) on a linear scale (Equation 1).
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where   ,1Pr X is the probability that the person will endorse the statement.

The basic model was evolved to take into account polytomous responses, such

as category scales (Rasch 1961; Andrich 1978; Masters 1982), and Linacre extended the

model to include other facets of the measurement that affects the scores (Linacre 1989,

2002). Linacre’s multi-facet model has been adapted for use in product evaluation, in

which many people are evaluating many products against multi-categorical items

(Camargo 2013). In this model, the facet ‘stimulus’ is associated with products or

physical elements of products (Equation 2).
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given that the denominator is a normalizing factor, and   ,,Pr nisnis xX  is the

probability of a respondent n giving a rating of ݇,݇ א (1, � ,݉), on item i for stimulus

s; ௡ߚ is the inclination of a person to endorse the statement i for stimulus s;
s is the

level of the attribute fulfilment of the stimulus s; ௜ߜ is the difficulty of endorsement of



statement i; and ߬௜௦௞ is the threshold parameter given a rating of k on the statement i for

stimulus s.

An example of how the model is used for analysis of affective responses is

outlined in Section 4. Unlike in statistical approaches which model or describe the data,

the approach in Rasch theory is to use computer-based iteration to determine whether

the data fit the model.

3. Literature review

Previous research has established that Rasch measurement theory can be used to

develop scales of people’s affective responses to products (Camargo and Henson 2011),

that scales support invariant comparisons of different product characteristics (Camargo

and Henson 2012), and that scales can be stable when new items or statements are

added (Camargo and Henson 2013). The ability to calibrate and compare the scales has

been used to demonstrate that affective responses to touching fabrics for vehicle seats

depend on context (Henson and Camargo, in press).

In a first attempt to use Rasch measurement theory to develop a scale for

affective responses, Camargo and Henson (2011) asked 306 participants to rate their

endorsement of twenty four Likert statements related to the construct of specialness for

four pieces of confectionery. The confectionery was Caramel® and Milky Way® from

a Mars Celebrations® assortment, Ferrero Rocher®, and Lindor®. The statements had

been determined through consumer research by an international confectionery company,

and many of them were based on verbatim comments used by consumers during focus

groups to express the emotional benefits of consuming chocolate. Example statements

are, ‘A box of these chocolates would make a lovely romantic gift’, and ‘I would keep

chocolates like this one for myself’. Likert statements are preferred because, whereas

PCA creates a multi-dimensional construct space from the responses to the adjectives,



the Rasch approach deals with unidimensional constructs, and it is difficult to identify a

sufficient number of adjectives to define a unidimensional construct of specialness.

Furthermore, it is relatively straightforward to generate Likert statements that capture

nuances of the persons’ usage scenarios and product interaction that demonstrate some

face validity for measurement of the constructs of interest.

The responses to the four pieces of confectionery were initially analysed

separately, to identify a calibrated measure of specialness for each confectionery, which

revealed differences in responses patterns. Statements appeared at different locations

on the scales’ continuum for each confectionery, preventing direct comparison between

the scales, and establishing the need to include the stimulus as an independent

parameter in a multi-facet model. A further calibration step using the multi-facet model

(Equation 2) established a unified scale, for which twelve statements fitted the model

for all confectionery. The rejected statements may have been redundant due to high

correlations between them, and/or ambiguous. Some statements were rejected because

they were poorly targeted, meaning that they were above or below the range of

measurement captured by the scale, such as when hardly anyone or almost everyone

endorsed a statement. The responses of around 10% of the participants were removed

for calibration of the statements. The work demonstrated the establishment of linear

scales for the measurement of the specialness of confectionery which allowed

comparisons between products individual persons, and between statements.

For the use of the proposed multi-facet model (Equation 2), it remained to be

demonstrated that the locations of statements were stable on the scale and do not change

when new calibrated items are added. That the position of statements should not change

as new statements are added to questionnaire is a prerequisite for the implementation of

computerized-adaptive testing (CAT). In product design, CAT offers the potential to



reduce costs in product evaluation because the time needed for data collection could be

substantially reduced. CAT is concerned with establishing a sequence of statements

selected by computer such that if a respondent endorses a statement, a more challenging

statement for endorsement is presented in the sequence, and contrariwise if the

statement is not endorsed. This converges into a sequence of statements bracketing the

person's endorsement level. Consequently, each person does not answer all statements

in the bank of statements, only a subset bracketing the threshold of endorsement. The

technique is well-developed in education (Wright and Bell 1984). As new statements

are added to the item bank, the positions of the existing statements on the scale should

not change.

Camargo and Henson (2013) have demonstrated the stability of existing

statement positions as new statements were added to an instrument calibrated using the

multi-facet model which measured people’s impressions of a moisturizing cream by

touching its packaging. Twenty one statements were developed using focus groups and

online product reviews. Five products in tubes with different compliance characteristics

were purchased and presented to 120 respondents, who were asked to squeeze, but

could not see, the tubes. Respondents rated each tube on a five-point scale against

sixteen of the statements. The calibration of the statements showed that five of them

indicated misfit to the model (i.e. they introduced high variance across the construct)

and were removed from the analysis. After calibration, a different sample of sixty-six

participants rated the tubes against the eleven calibrated statements to verify the

consistency of scale and against five additional statements. During analysis of the data

with the second set of statements added, two of the new statements were removed. The

positions of the statement on the two scales were compared and all except one remained

within measurement error of their original locations (Camargo and Henson 2013).



A stratified, four-fold, cross-validation study of responses to the second study

demonstrated that statement locations were stable when analysed for different subsets of

the sample. The whole sample of 186 participants was split into four approximately

equal groups, and individuals were chosen at random from each group. The statements

were recalibrated by selecting three groups forming a new sample for each n-

calibration, leaving one group out, where n is the identification of the group

combination used for calibration. The results of t-tests demonstrated a non-significant

difference between the statement locations of the first eleven statement set and each n-

calibration. Furthermore, person locations from the first eleven statement calibration

and each n-calibration were highly correlated.

One of the benefits of using Rasch theory for measurement of affective

responses is that it establishes a calibrated questionnaire, different administrations of

which can be compared. The ability to compare the outcomes of studies has been

demonstrated in the context of the evaluation of fabrics for vehicle seats (Henson and

Camargo, in press), in which it was shown that affective responses to the fabrics were

different depending on how the fabrics were presented to respondents. Product

designers understand that product evaluation should take place in the setting and

circumstances in which the product will be used. This concept is often referred to as the

context by product designers, as ecological validity by psychologists (Brewer 2000),

and as the frame of reference by Rasch researchers. However, there is often a trade-off

between the internal and external validity of studies. The better the ecological validity

of the experiment is, the harder it is to control variables, whereas the more the

experiment is precisely controlled, the lower the external validity.

The study using fabrics for vehicle seats measured the effect of ecological

validity by comparing affective responses to fabrics when touched as flat samples, and



when touched as covers of vehicle seats. Three vehicle seat fabrics with different

characteristics were used. In the first part of the study, ninety six Japanese volunteers

were asked to touch, but could not see, the flat pieces of fabric and rate them against

statements (in Japanese) on a five-point Likert scale. In the second part of the study, the

blindfolded participants were asked to touch the same fabrics used to cover three

vehicle seats. In both parts of the study, a base of polyurethane foam with thickness of

3mm was used under the fabrics. One scale was independently calibrated for each

context. The locations of the fabrics on each scale were very similar, taking into

account measurement errors. However, the locations of the statements for the two

scales were uncorrelated. Similarly, paired t-tests showed that the person locations on

the scale were significantly different in each context (Henson and Camargo, in press).

Using Rasch models to measure affective responses to products and then relate

the measures to physical properties or features is novel. Klöcker, Arnould, Penta, and

Thonnard (2013) have applied Rasch theory to the measurement of the pleasantness of

tactile textures. However, their rationale for using the unrestricted rating scale, when

the analysis of responses of many people to many stimuli appears to demand a multi-

facet model, is not clear. Their scale has been used to relate tactile pleasantness to

measurements of friction (Klöcker Oddo, Camboni, Penta, Thonnard 2014).

Rasch measurement of affect has not yet been widely applied. Nevertheless, it

has been demonstrated that Rasch measurement can be used to establish scales for

measurement of affective responses. The novelty of the research in this paper is that it

demonstrates that a scale can be used to relate affective responses to physical properties

of a product, and consequently be used to design new products.



4. Method

Introduction

The aim of this experiment was to determine the correspondence between the

physical properties of a product and affective responses, using Rasch theory to measure

how the compliance of packaging elicits an intuitive impression of a moisturizer cream

it is said to contain. The hypothesis was tested that a new set of containers could be

designed according to the compliances modelled on the basis of affective responses to

the existing products. The forces participants applied when squeezing the packaging

were measured to determine whether there is a correlation between the forces and the

calibrated metric for affective responses.

The dimension intended to be measured was an affective response, denoted

‘impression’ by the authors, of a face moisturizing cream that the packaging was said to

contain. In other words, the experiment tried to measure whether the packaging gave a

favourable impression of the packaging’s contents. Participants were not required to

understand the concept of this construct or respond to the word ‘impression’.

Measuring Compliance of Product Packaging

The compliances of the five, commercially available, everyday products used in

the previous study were measured (Camargo and Henson 2013). The compliance of

each container was measured using a force table (MiniDyn, multi-component

dynamometer Type 9256C2, Kistler), and an X–Z motion table (Series 1000 Cross

Roller, Motion link). Each container was placed on the force table and pressed with a

steel ball of radius 10mm which was attached to the motion table. The measure of

compliance was taken to be the displacement of the ball when the normal force was 3N

(Shao, Chen, Barnes and Henson 2010). Measurements were taken as the mean average

of four repeated readings.



Calibrated items

The fourteen statements calibrated in a previous study (Camargo and Henson

2013) were used (Table 1). The statements were developed from recorded verbatim

statements by consumers during a focus group, along with other publicly available

sources such as magazine advertisements. They were designed to capture aspects of the

consumers’ product experience. Table 2 shows the positions of the statements and

packaging on the scale established in the previous study. The origin of zero was

established as the default by the method used in the analysis. The default for the origin

constrained the stimuli facet and the items facet at the centre of the logit scale with a

mean of zero. Thus, solely the person facet floated on the continuum (not shown Table

2). The locations of statements on the scale are indications of the ease of endorsement

of the statements. The unit of the scales is the log-odds unit, the logit. One logit

represents the distance along the scale that increases the odds of a respondent endorsing

a statement by a factor of 2.718. Thus the statements with the highest locations were

less likely to be endorsed, and the products with the highest locations gave the best

impression to participants of the moisturizing cream they were said to contain.



Table 1 Set of calibrated statements used in this study.

ID Statement ID Statement

1 The product in this container would give

me a heavy, greasy film on my skin.

8 The product in this packaging is likely to

flow easily.

2 The product in this container is likely to

look and smell delightful.

9 It is quite hard to explain the product

when touching its packaging.

3 I feel the product in this container would

hydrate my skin.

10 The product in this container could give

me a refreshing sensation.

4 The product in this packaging might be

pricey.

11 The product in this packaging could be a

bit boring.

5 The container makes me feel like I

would be buying a great product.

12 I could get just the right amount of the

product when I squeeze its container.

6 The product inside the container would

spread easily.

13 I feel this container as a skin care

product.

7 The product inside this container could

be sticky.

14 I could find no consistency in the

product inside this container.

Table 2. Mean locations of statements and packaging in the Rasch-calibrated log-linear

scale.

Statement Location SE Fit Packaging Location SE Fit Compliance
ID (Logit) (Logit) residual ID (Logit) (Logit) residual (mm/3N)

6 -0.88 0.20 0.19 4 1.23 0.23 0.18 4.11
2 -0.55 0.22 0.26 3 0.59 0.21 0.14 4.74

12 -0.46 0.20 0.26 2 -0.17 0.20 0.46 5.70

14 -0.38 0.18 0.58 1 -0.25 0.19 0.29 6.08

10 -0.18 0.21 0.16 5 -1.40 0.18 0.46 1.02

1 -0.17 0.21 0.38

5 -0.10 0.21 0.25

13 0.02 0.18 0.33

8 0.03 0.19 0.22

3 0.31 0.20 0.25

11 0.41 0.23 0.15

7 0.44 0.19 0.33

9 0.54 0.18 0.63

4 0.96 0.21 0.32

Initial Analysis of Compliance Measurements for Packaging

Based on the measures in Table 2, the degree of affective response does not

follow the order of the magnitude of the compliance measurements for the packaging.

A non-linear relationship between compliance values of the packaging and people’s

affective responses is observed (Figure 1). The regression indicated by the bold dashed



line suggests three clusters of compliance values. The lower boundary of favourable

impressions is located on the top of the graph, clustering Containers 3 and 4 within

measurement error (standard error = 0.21 logit). The intersection of the regression line

with the lower bound of relatively favourable responses determines the boundaries of

lower and higher compliance between approximately 2.4mm/3N and 5.3mm/3N,

indicating higher probability of endorsement that the containers provide a favourable

impression of a moisturizer cream.
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Figure 1. Non-linear regression determining a range of compliance values for

favourable responses.

Designing Packaging for Specific Affective Responses

Using the range displayed in Figure 1, five packaging prototypes were designed

with different values of compliance (Table 3). All prototypes were manufactured with

the same dimensions, adopting a cylinder shape with the body diameter of 35mm and

height of 160mm. A cap with diameter of 46mm and height of 52mm was used to seal

each container. All prototypes contained 139.5cm
3
of the same moisturizer, filling

about 90% of each container’s internal volume.



Table 3. Layers and materials used for the manufacture of prototypes.

Layer Ra (µm) Material Type
Thickness

(mm)

e -
High density

polyethylene

Laminated

sheet
0.743

d -
Low density

polyethylene

Laminated

sheet
0.406

c -
Low density

polyethylene

Laminated

sheet
0.306

b - Aluminium
Laminated

foil
0.035

a 1.17 Polypropylene
Laminated

film
0.060

Table 4. Composition of the prototype packaging.

Stimulus Prototype 1 Prototype 2 Prototype 3 Prototype 4 Prototype 5

Composition a, b, c a, b, c, c a, b, d a, b, c, e a, b, d, e

Compliance

mm/3N
4.17 4.12 3.81 2.24 1.14

The surface roughness of each tube was designed to be the same. The

containers’ surface roughness was measured using a stylus surface profilometer RTH

Form Talysurf 120L. The diamond stylus with radius 2.5µm of the Talysurf machine

scanned an area of 5mm × 5mm on the surface and recorded the peaks at a resolution of

1024 data points per mm
2
. These were then filtered by the acquisition software to

remove any apparent form. A texture profile in three dimensions was subsequently

produced and post-processing software was used to determine the value of the

arithmetical mean roughness, Ra (µm).

Layers of different materials were used to control the compliance of each

prototype (Table 4). An acrylic adhesive was applied to the surface of the materials to



bond the layers. The measurement of the layers’ thickness was made with a micrometer

screw gauge (Mitutoyo (0.001mm)).

As in the previous study, the measure of compliance of the tubes was taken as

the relative displacement of a 10mm steel ball pressed into the packaging with a normal

force of 3N (Shao et al. 2010). The value taken was a mean of four readings.

The aim of manufacturing the new packaging was to determine whether the

correspondence between compliance and affective response could be used to choose the

compliance of new products. Thus, the scope for designing the multi-layer prototypes

did not take into account the nozzle arrangement, any barrier against oxygen ingress and

aspects of sterilisation or aseptic filling. The layers were exclusively used to control the

prototypes’ compliance, and consequently the affective response they elicited from

participants.

Participants

For this experiment, the statements had been previously calibrated, and

consequently a sample of at least 64 participants was considered sufficient to produce

the required standard error of less than 0.5 logit interval in a two-tailed 95% confidence

interval of ±2.0 (Linacre 1994).

The five prototypes were presented to 67 participants, 41.8% females and 58.2%

males, 13.4% aged 18 to 25, 61.2% aged 26 to 35, and 25.4% over 35. Participants took

part in the study one at a time. They were instructed to push their arm through a hole in

a panel to touch the prototypes, one at a time, which were mounted vertically on

wooden blocks (Figures 2 and 3). Participants were instructed to touch the prototypes

in the way that was most natural to them when squeezing ordinary containers. After

squeezing each prototype participants rated their endorsement on a five-point Likert-

style scale to the statements obtained in the previous calibration (Table 1) on computer-



based self-report questionnaires. Participants were neither able to see the containers nor

able to make contact with the moisturizing cream inside them. The sequence in which

the prototypes were presented was counterbalanced, and the sequence of items was

randomized for each participant.

Figure 2. Participant placing arm through a screen to touch the stimulus packaging.

Figure 3. Arrangement for participants to squeeze stimulus packaging.



After squeezing the prototypes and responding to the questionnaires, participants

were required to squeeze the containers once again, under the same conditions, while

wearing tactile sensors (FingerTPS™Wireless Tactile Force Measurement System) on

their fingers to measure the forces applied (Figure 3). The system was calibrated for

each participant using a reference sensor at a force of 13.35N. Participants squeezed

each prototype twice in an interval of around two seconds between each touch, and the

peak value was taken as the measure of interest. The sequence in which the prototypes

were presented was counterbalanced. After completing a first sequence of prototypes, a

second sequence was presented to the participants. Thus, four measurements were

obtained from each participant for each prototype. The median value of the four peak

values was calculated.

Results were standardised using Fisher’s z-transformation and assessed for

whether some observations exerted excessive influence on the tendency of the data. The

effect of a single case on the whole regression model was indicated by Cook’s distance

(Di), taking a value of Di ≥ 0.06 as a potential influential case (Cook 1979, Cook and 

Weisberg 1982). The difference between the predicted value when using an observation

and the predicted value without using that observation was indicated by the statistical

index DFFit (Belsey, Kuh and Welsh 1980), where 24.0iDFFit indicated an

influential case for a sample size of 67. Finally, the covariance ratio (CVR) indicated

the influence of an observation on the confidence interval (Belsey et al 1980).

Influential cases were flagged when 91.0iCVR , for a sample size of 67. Influential

cases were identified and removed from the regression model.



Recalibration of the Scale

The scale of the impression of the prototypes for a moisturizer cream based on

their compliance was re-calibrated using the multi-facet Rasch model. The analysis was

carried out using the protocol for calibration (Table 5) embodied in the software

package RUMM2030® (Professional edition, 2012) (Andrich, Sheridan and Luo, 2012).

The aim of Rasch analysis was to examine to what extent anomalies in the data

corrupted measurement conditions.

Data were tested against the two assumptions of the Rasch model, response

independence and trait independence (unidimensionality). Response dependency

between statements was tested by observing whether the correlations of the item

residuals were greater than the absolute value of 0.3 (Tennant and Conaghan 2007).

Unidimensionality was tested through the method proposed by Smith (2002) of taking

the factor loadings on the first residual component through a PCA to identify the two

most divergent subsets of statements and then examining via a paired t-test any

difference in the estimates that have been generated. Values ≤0.05 were taken as 

indications of unidimensionality (Smith 2002).



Table 5. Protocol for Rasch analysis in the study using the software package

RUMM2030®

Control Definition

Invariance across the

construct

Identification of overall discrepancy between the expected value and

the observations across all statements based on a chi-square test for

goodness of fit. Non-significant variance across the construct was

indicated by p>0.05 (Tennant, McKenna and Hagell, 2004).

Response dependence

Test for identifying whether a response to a statement in the scale

interfered with the response to another statement. Response dependence

between statements was examined by observing positive residual

correlations (Tennant and Conaghan, 2007).

Construct dependence

(multidimensionality)

Examination of how well the data fitted together and cooperated to

define the attribute being measured. This implied that after the extraction

of the main scale, there was no remnant in the residuals’ pattern resultant

from relationships between statements except random associations

(Smith, 2002).

Standard error

Quantity added to or subtracted from a measure that gave the least

distance required to establish a difference as statistically meaningful

(Linacre, 2005).

Standard residual
Indication of the difference between an observation and its expected

value divided by the square-root of its modelled variance.

Individual item-fit and

individual person-fit

Indication of the degree of convergence between the expected value

and observations for each person-item, typically equal to or lower

than ± 2.5 (99% confidence interval). Variance within-item was also

examined through chi-square statistics. Persons holding extreme

scores were not considered for calibration of scale (Tennant and

Conaghan, 2007).

Differential item

functioning (DIF)

Test for identifying whether groups presented a consistently greater

degree of endorsement to a statement for a prototype than another

group (male and female groups and age groups) Two-way ANOVA

was applied for detecting significant DIF on the measures, allowing

each element of the structure to be adjusted for any bias (Andrich and

Hagquist, 2004).

Thresholds ordering

Test for participants’ inconsistency in using the response options

carried out through identification of the thresholds patterns (Andrich,

1985, 2010).

Target

Examination of whether the spread of statement thresholds on the

continuum matched with the spread of persons. The average of item

mean locations was centred at zero logit. Nevertheless, given that the

attribute is represented by an interval scale, it could have been

possible to re-score to a different range (e.g. 0 – 100) (Fisher, 1992).



5. Results

Calibration of the Scale for the Set of Moisturizer Prototypes

The affective responses to the prototypes were analysed using the multi-facet

Rasch approach. Individual item-fit residuals indicated no critical values (there were no

standard residuals >±2.5). All fourteen statements fitted the model. Invariance across

the measurement structure was indicated by a non-significant variance with chi-square

probability ݌ = 0.51. Table 6 shows the summary of fit statistics. Item-person residual

correlations were lower than 0.3 and were therefore taken as an indication of non-

significant response dependence. During the calibration, five persons were removed

from the analysis as a consequence of extreme scores and high fit-residuals.

The unidimensionality of the scale was confirmed using a binomial test, which

indicated that fewer than 5% of the observations fell outside of the t-range of ±1.96

(95% confidence interval) (Smith 2002, Horton and Tennant 2010). No significant

differential item functioning for sex and age was found. The statement and prototype

locations on the scale are shown in Table 7.



Table 6. Summary statistics of scale for the set of moisturizer prototypes.

Scale
Number of

statements

Overall Item-

fit residual

Overall Person-fit

residual Chi-

square
df p n

Mean SD Mean SD

Preliminary 14 0.48 0.51 -0.06 2.55 191.21 140 >0.05 67

Calibrated 14 0.32 0.43 -0.06 2.15 138.83 140 0.51 62

Table 7. Mean location of prototypes and statements on the linear scale.

Stimulus
Mean

location
SE Statement

Mean

location
SE

Prototype 1 0.89 0.20 14 -1.32 0.19

Prototype 3 0.44 0.20 1 -0.56 0.20

Prototype 2 0.23 0.20 12 -0.28 0.20

Prototype 5 -0.60 0.18 10 -0.15 0.20

Prototype 4 -0.96 0.20 3 -0.15 0.18

8 -0.09 0.20

9 -0.09 0.21

2 -0.07 0.18

4 -0.03 0.19

11 0.20 0.16

13 0.31 0.20

6 0.34 0.21

5 0.86 0.18

7 1.02 0.21

The map of relative locations of all facets on the same logit scale is shown in

Figure 4. Persons located towards the top of the scale were more inclined to endorse

statements, whereas those at the bottom were less inclined. Statements located at the

top of the scale were less inclined to be endorsed. In the column Prototype, the

prototypes at the top of the scale were more likely to be endorsed as packaging for a

moisturizer than those at the bottom, according to participants’ affective response.
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0.00 0.00 0.00
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Persons Statements Prototype

More inclined

to endorse

Difficulty to endorse Affective impression

of the moisturizer

11 - The product in this packaging could be a bit boring

9 - It's quite hard to explain the product w hen touching its packaging

10 - The product in this container could give me a refreshing
sensation

8 - The product in this packaging is likely to flow easily

7 - The product inside this container could be sticky

6 - The product in this container w ould spread easily

5 - The container makes me feel like I w ould be buying a great
product

4 - The product in this packaging might be pricey

3 - I feel the product in this container w ould hydrate my skin

2 - The product in this container is likely to look and smell delightful

1 - The product in this container w ould give me a heavy film on
my skin

12 - I could get just the right amount of the product w hen I
squeeze its container

13 - I feel this container as a skin care product

14 - I could find no consistency in the product inside this
container

ST4
(Prototype 4)
(Dy =2.24 mm)

ST5
(Prototype 5)
(Dy =1.14 mm)

ST3
(Prototype 3)
(Dy =3.81 mm)

ST1
(Prototype1)
(Dy =4.17 mm)

ST2
(Prototype 2)
(Dy =4.12 mm)

Figure 4. Rasch-calibrated metric with fourteen statements for the impression of a

moisturizer cream associated with the compliance of a range of product containers.



Sensory Response When Squeezing the Container Prototypes

The z-transformation of the participants’ applied forces demonstrated that some

influential cases skewed the distribution of results, clustering at the lower forces and

tailing toward the higher forces. Fifteen out of 335 cases (5 stimuli × 67 participants)

were indicated as influential following consideration in terms of Cook’s distance,

DFFit, and covariance ratio and were removed from the analysis. The resulting mean

force and standard error for each prototype are shown in Table 8.

Table 8. Mean and standard error of the force applied on the prototypes without

influential cases.

Stimulus Prototype 1 Prototype 2 Prototype 3 Prototype 4 Prototype 5

Mean force (N) 22.3 22.6 23.5 26.1 37.4

Standard error (N) 2.8 3.1 3.3 3.3 6.3

Comparison between the Prototypes and Existing Products

The bold dashed line on the scatter plot in Figure 5 is the regression between the

prototype locations on the log-linear continuum (Figure 4) and their measured

compliance. It is observed that Prototypes 1, 2 and 3 clustered at the top of the graph

with compliances between 3.81mm/3N and 4.17mm/3N. These tubes are located within

the lower and upper bounds of compliance for a favourable response as predicted by

affective responses to existing products (Figure 1). Figure 6 also shows the

compliances of 1.14mm/3N and 2.24mm/3N for Prototypes 5 and 4 respectively, fall

below the lower bound, indicating less probability of a favourable response. It is

noteworthy that the lower boundary for a more favourable affective response originates

from the location of Prototype 2 plus its standard error (Table 7).
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The regression line for the mean force applied on the moisturizer tubes presents

a similar tendency as that applied on the existing products (Figure 6). Nevertheless, the

range of force applied on the prototypes was higher than on the existing products. The

regression line of Figure 6 indicates that the range of mean force applied on the existing

products for a higher probability of a favourable affective response is between 16.9N

and 17.4N. For the prototypes the mean force lies between 22.3N and 23.5N.
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Figure 6. Comparison of the mean forces applied on the prototypes and existing

products.



Discussion of Current Study

This study confirmed the prediction that in the context of packaging for

moisturizer creams, container compliances of between 2.4mm/3N and 5.3mm/3N

predicted in a previous study (Camargo and Henson 2103) would elicit the highest

endorsement for giving a good impression of the product they were said to contain

(Figure 5). Compliance was chosen as one of the physical measures of interest in this

study because of its ease of measurement, its use in previous similar studies (Shao et al

2010), and the reasonable assumption that there is a correspondence between

compliance and people’s perception of softness or squeeze-ability of the packaging.

However, the perception of softness is more likely to be related to the way in which a

deforming surface distributes pressure over the fingertip, such as the contact area spread

rate (Bicchi, Scilingo, and de Rossi, 2000). Compliance might not be the physical

property with the best correlation with perceived softness or squeeze-ability, and if a

study such as this were repeated for the product development process of a commercial

product, more variables likely to correspond to perceived softness would need to be

included. Nevertheless, use of the measure of compliance appears to have produced

good predictions of affective response.

The mean force applied on the existing products was consistently lower than the

force applied on the prototypes for all levels of relative compliance (Figure 6). This

could be because of the specific contact area spread rate of the prototypes. It might be a

consequence of the influence of different factors other than the containers’ compliance

when the persons processed the sensory information. The containers’ characteristics of

shape, for example, might have been combined with the characteristic of compliance for

the respondents to form clear mental representations based on the tactile sensory

information (d’Astous and Kamau 2010). Therefore, the participants might have had

fewer indications about the impression of a moisturizer cream when they squeezed the



prototypes than the existing products although this can have varied from person to

person. Other cues present in the real products which were removed in the prototypes,

such as large variations in thermal properties, might have influenced affective responses

(Chen, Shao, Barnes, Childs, Henson 2009). These hypotheses require further

investigation.

Previous research demonstrated that Rasch measurement theory can be used to

create stable, calibrated scales of affective response, based on many people’s ratings of

many products. This research further extended knowledge of the novel application of

Rasch theory in product design, by showing that the scales can be used to relate the

physical properties of products with people’s affective responses. The scope of the

study was relatively small, in that only compliance and applied touching force were

chosen as the physical measures, whereas a typical kansei study might have attempted

to correlate responses with many physical features and measures. However, it can be

argued that experiments such as these should be based on hypotheses established before

experimentation begins, rather than seeing what emerges from the data, so that

independent variables are chosen that can be reasonably argued to influence affective

response. This experiment might have been improved had it been possible to design

packaging with predefined compliances, rather than crafting prototypes and then

measuring their compliances. However, this does not invalidate this study’s findings.

While there appear to be some reasons to prefer analysing responses to self-

report data using the Rasch approach where appropriate, rather than using PCA, this

study is not a comparison of the two approaches. Each approach has its advantages in

different circumstances. In particular, if an exploratory, multi-dimensional semantic

space is needed, the PCA approach is more appropriate, whereas the Rasch approach is

perhaps more appropriate for measurement along unidimensional scales. However, the



authors are of the view that the use of adjective pairs should be avoided, because of the

lack of a rationale that the collection of words represents an underlying measurement

construct. This point is discussed further in Section 6.

6. General Discussion of Rasch Approach in Product Design

The criticism of the use of adjective pairs made in Section 5, that the assumption

that responses to adjectives pairs constitute an underlying measurement structure is

weak, can be extended to the Rasch approach. Challenges include whether responses

that fit the model can be taken as evidence that an underlying construct exists, and how

to interpret additivity in the context of a latent variable (Kline 1998, Sijtsma 2010). It

can be argued that the verbatim statements used on the questionnaires derived from

consumer research possess some face-validity that responses to them will reflect an

underlying construct, which is an argument that cannot be applied as easily to adjective

pairs. Nevertheless, there is currently little reason for choosing one statement over

another to include in a questionnaire, and while a rationale for explaining why a

statement is rejected by the analysis can be hypothesised after the fact, it would be an

advantage to be able to select ‘good’ statements before experimentation begins. For one

thing, trialling statements that do not work is expensive, although the main point is to

have a scientific rationale for developing and selecting statements. Research using

computational and corpus linguistics might provide practical tools to address this

problem.

Researchers who use physiological measures of affective response might argue

that the problem can best be avoided by not using self-report questionnaires because,

additionally, people cannot be trusted to respond honestly to questionnaires. The same

problem exists here, however, because of a lack of a rationale for assuming that changes

in physiological measures represents some underlying affective response that can be



measured. There is no theoretical reason, though, why a Rasch-based instrument cannot

include physiological and behaviour items instead of, or as well as, self-report items.

Related to the problem of whether responses to statements can reflect an

underlying latent construct associated with affective responses to products, is whether

consumer preferences can even have an underlying quantitative structure (Salzberger

2013). One issue is to do with ranking. Shown a set of real products, such as prestige

motor vehicles, different men from a well-targeted sample demographic or attitudinal

group would be likely to rank their preferred vehicles differently (Köster 2003), in

which case there cannot be a single scale for the whole sample. Research by the authors

has not yet confronted this problem. One would have expected to observe different

ranked preferences in their study of confectionery (Camargo and Henson 2011) had

they been looked for. That the responses of around 10% of participants were removed

for calibration of the scale because they did not fit the model did not seem

unreasonable, and it does not seem to point to the issue of ranked preferences being a

serious issue. It might be that the problem can be adequately addressed through

differential item functioning, where different ranked preferences forms groups for

analysis. A further issue is whether the assumption of stimulus independence can hold

when people are expressing evaluations of many products, because of the asymmetric

domination effect, in which it has been shown that people’s preferences between two

alternatives are affected by the relative attributes of a third option (Huber, Payne, and

Puto 1982).

It is yet to be established whether there are any differences between the scales

developed using the classical, statistical approach and those developed using Rasch

measurement theory (Nunnally 1978). The linearity of the responses and the anticipated

improvement in accuracy are likely to be beneficial in applications requiring



quantification of latent traits, such as when relating emotional or affective responses to

product experience to measures of the physical properties of products. However, these

are not necessarily the principal reasons for choosing the Rasch approach in the context

of product design. The benefits of the Rasch approach are the ease with which

outcomes of studies can be compared, and the ability to develop instruments that can be

administered reliably to small samples, (Embretson and Reise 2000). These will enable,

for example, the comparison of affective responses to products between samples of

consumers from different cultural, demographic or attitudinal groups, and between

consumers and expert panels. They should lead to the implementation of computerized

adaptive tests of standardized questionnaires, which could substantially reduce the costs

of measuring consumers’ affective responses to product designs.

7. Conclusions

Rasch measurement theory offers an alternative approach for developing scales

of people’s affective responses to products. Its use is well-established in other

disciplines, but its application to product design is novel. The research reported here

used Rasch measurement theory to measure the affective impression of a moisturizer

cream elicited by the compliance of the moisturizer’s packaging, and used the derived

information to create new designs that elicited predictable affective responses from

consumers. The benefits of using the Rasch approach are in the ability to obtain reliable

results from small samples of consumers, once a set of statements has been calibrated,

thus reducing the costs of affective design. While the research shows that the use of

Rasch measurement theory is a viable approach, it remains to be demonstrated that it

can deliver the anticipated business benefits.
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