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Introduction

During everyday activities people almost continuously use 

products, and while doing so they experience a variety of 

emotions (Desmet, 2008; Richins, 1997). Someone may, for 

example, experience anger because his or her computer is not 

functioning properly, or someone may experience joy while 

riding a new bicycle. To some extent, designers can influence 
the emotions people experience when they are using products. 

In this paper, we focus on how designers may deliberately 

create surprising products in order to attract attention to their 

products or to let users experience something new. 

One of the strategies designers use to create surprising 

products is incorporating visual-tactual incongruities 

(Ludden, Schifferstein, & Hekkert, 2008). Upon seeing such 

an object, an expectation will be formed about how the 

product feels, based on the visual impression of the product, 

previous experiences with that product, or experiences with 

similar products. Eventually, upon touching the product, the 

expectation is disconfirmed, resulting in a surprise reaction. 

An example of such a product is a vase that looks like a 

familiar crystal vase, but that is made out of plastic and, 

therefore, feels much lighter than people expect. Previous 

studies have demonstrated that products with visual-tactual 

incongruities indeed surprise people (Ludden, Schifferstein, 

& Hekkert, 2009).

Degree of Incongruity

Presumably, designers who create surprising products by 

incorporating visual-tactual incongruities in their designs aim 

to create pleasant surprises. However, the degree of incongruity 

that people perceive may influence their overall evaluation of the 
product. Berlyne (1971) suggested that the relationship between 

incongruity and pleasantness follows an inverted U-curve: 

a moderate degree of incongruity will be perceived as more 

pleasant than no incongruity, while a high degree of incongruity 

will be perceived as less pleasant than moderate incongruity. 

Other researchers have found support for Berlyne’s theory (e.g., 

Hopkins, Zelazo, Jacobson, & Kagan, 1976). However, the stimuli 

used in their research were primarily simple visual patterns such 

as polygons. 

Researchers studying stimuli that were more meaningful 

to people (such as consumer products) and that varied in the 

degrees of familiarity or prototypicality, found that these 

variables explained most variation in aesthetic preference. 

Whitfield (1983), for example, showed that furniture that was 
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more representative (prototypical) for its category (e.g., chair or 

table) was preferred over furniture that was less representative. 

Furthermore, in a study on cubist paintings, Hekkert and van 

Wieringen (1990) demonstrated a linear relationship between 

beauty and prototypicality for representational (and therefore 

meaningful) works. In addition, Hekkert (1995) found that the 

preferred proportions of objects with a rectangular shape were 

mainly determined by their familiar proportions and not by some 

universal, aesthetic mathematical rule, such as the Golden section.

For consumer products, congruity typically contributes 

positively to prototypicality. After all, product attributes are 

perceived as congruent when they confirm the perceiver’s 
expectations, which is more often the case with prototypical 

products. This line of reasoning suggests that consumers prefer 

products that provide congruent information. Feeling something 

that is different from what was expected may startle someone, 

making the tactual aesthetic experience less pleasant. Therefore, a 

larger degree of visual-tactual incongruity in a product might have 

a negative effect on product appreciation. However, a previous 

study on products with visual-tactual incongruities (Ludden et al., 

2009) suggested that these products were in most cases evaluated 

positively, where a surprise reaction was usually followed by a 

positive emotion such as amusement or interest. In some instances, 

though, the surprise reaction was followed by a negative emotion 

such as confusion. 

We hypothesize, then, that the overall evaluation of products 

with visual-tactual incongruities is determined by a negative 

aesthetic reaction to the disconfirmed expectations and either a 
positive or a negative effect of the emotional reaction following 

the surprise (Hekkert & Leder, 2008). Whether a positive or a 

negative emotion follows the surprise reaction will ultimately 

determine the overall evaluation of the product. Experiencing a 

positive emotion may overcome the negative effect of perceiving 

an unexpected tactual characteristic, whereas a negative emotion 

enhances this effect. The next section discusses in more detail 

how surprise is related to other emotions. 

Emotions Following Surprise

In a previous study, we found tentative evidence that surprise 

in products can be seen as the first stage in a process evoking 
different emotions (Ludden et al., 2009). An analysis of facial 

expressions of surprise showed that in 19% of the cases in 

which a facial expression of surprise was observed, the facial 

expression revealed two stages. The first stage comprised one 
of the subcomponents of a surprise expression (widened eyes, 

opened mouth or raised eyebrows) and the second stage consisted 

of either an expression of joy or amusement (raised mouth 

corners: smiling) or of puzzlement or interest (lowered eyebrows: 

frowning).

According to appraisal theory, emotions are the result of 

an individual’s evaluation and interpretation (appraisal) of events 

in the environment (Roseman & Evdokas, 2004; Scherer, 1987; 

Smith & Ellsworth, 1985). Lazarus and Smith (1988) see true 

appraisal as the assessment of the implications of events for an 

individual’s goal commitments. Most appraisal models suggest 

that combinations (sequences) of several different appraisal types 

eventually cause an emotion. In addition, if multiple appraisals 

are made in succession, multiple emotions may be experienced 

consecutively. 

Several researchers (Meyer, Reisenzein, & Schutzwohl, 

1997; Scherer, 1987) have argued that a sequence of appraisals 

that starts with an unexpected event usually elicits surprise, after 

which the surprising event is further evaluated and a second 

emotion is elicited. For instance, Silvia (2005) suggests that 

surprise usually precedes interest. In this case, the appraisal of 

novelty that elicits surprise is followed by an appraisal of coping 

potential, which evokes interest. Vanhamme and Snelders (2001) 

found that surprise can be followed by satisfaction, while Ludden, 

Hekkert, and Schifferstein (2006) reported that surprise reactions 

were followed by amusement, fascination, disappointment, 

indignation, and irritation. 

Long-term Effect of Surprise

Because the phenomenon of surprise relies on the disconfirmation 
of expectations that were formed based on previous experience, 

one may expect that surprise is only felt when someone 

experiences a product for the first time. When a product with a 
visual-tactual incongruity is encountered for the first time, its 
visual appearance may be misleading. However, after touching 

the product, the perceiver of the product will update his or her 

knowledge. The “previous experience” of the perceiver has now 

changed. The second time someone encounters the same product, 

his or her expectations about the product probably matches the 

actual (tactual) experience and, therefore, he or she will not 

be surprised again upon touching the product. Participants in 

previous experiments indeed sometimes mentioned that a surprise 

was a one-time experience and that surprising products would 

become boring in the long-term (Ludden, et al., 2006). To our 

knowledge, the effects of surprise on people’s emotional reactions 

in the long-term have not been studied before. 
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Experiencing a surprising product is arousing and captures 

attention to the product, which leads to increased product recall 

and recognition, and to increased word-of-mouth (Derbaix 

& Vanhamme, 2003). Furthermore, surprise requires a more 
effortful, conscious, and deliberate analysis of the unexpected 

event (Meyer, Niepel, Rudolph, & Schutzwohl, 1991; Meyer, 

Reisenzein, & Schutzwohl, 1997; Stayman, Alden, & Smith, 

1992). Therefore, we expect that products with visual-tactual 

incongruities are remembered better and that people are more 

interested in seeing/feeling surprising products again. 

The Present Study

This study investigated people’s reactions to products with visual-

tactual incongruities upon repeated presentation. To be able to 

study these issues in relation to product design, we created sets of 

products with visual - tactual incongruities as stimuli. The visual 

appearance of all three products in a set was kept as similar as 

possible, while the tactual characteristics of the three products 

differed. In order to investigate the long-term effects of surprise, 

the same product was presented to participants at three different 

points in time. 

We hypothesize that perceiving visual-tactual incongruity 

will have a negative effect on the aesthetic appreciation of tactual 

characteristics. Because the overall evaluation of products with 

visual - tactual incongruities may be the composite of a negative 

aesthetic reaction to the disconfirmed expectations and either a 
positive or a negative effect of the emotional reaction following 

the surprise, we do not expect to find an effect of type of 
incongruity on overall liking.

Because several emotions have been found to be associated 

with surprise, we expect to find increased emotion ratings for 
products with visual-tactual incongruities. We are interested 

in finding out whether a surprise is only felt when someone 
experiences a product for the first time, or whether the surprise 
response persists after one or more presentations. We expect the 

emotional responses to continue to follow surprise responses at 

the second and third stimulus encounters. Because a surprise 

reaction is often associated with increased interest, we expect 

that products with visual - tactual incongruities are remembered 

better and that people will be more interested in seeing/feeling 

surprising products again. 

Experiment

Method

Participants

A total of 62 participants (36 female and 26 male, aged 18-
36, mean 22.6) participated in the first part of this study. Sixty 
participants continued with the second part of the study and 57 

participants completed all three parts of the study. Analyses of 

data obtained in the first part of the study were carried out on the 
total of 62 participants. Longitudinal analyses were carried out 

on the 57 participants that completed all three parts of the study. 

Participants were students and were paid for their participation. 

Stimuli

We created six product sets, each containing three variants of the 

same product (Table 1). The size of visual - tactual incongruity was 

Table 1. Stimuli with detailed descriptions and tasks.

NI (No Incongruity) MI (Moderately Incongruent) LI (Largely Incongruent) Task

metal cup

feels like metal; inflexible 
and heavy

feels like hard plastic; 

inflexible, less heavy
feels like rubber; flexible, less 
heavy

Walk over to the cup and pick it 

up. Subsequently, place it back 
on the table.

ear cup

ear feels like lacquered 
stoneware: hard

ear feels like rubber on 
stoneware: rubbery texture

ear feels like cloth on 

stoneware: soft texture
Walk over to the cup and pick it 

up. Subsequently, place it back 
on the table.

soft box

feels like felt: 

soft and flexible
feels inflexible, surface feels 
soft like felt

feels inflexible and surface feels 
rough

Walk over to the box, pick 
it up and remove the lid. 

Subsequently, replace the lid 
and place the box back.

newspaper stand

inner part feels like cotton: 

flexible and soft
inner part feels rubbery: less 
flexible and stickier

inner part feels inflexible and 
surface feels rough

Walk over to the newspaper 

stand and remove the 

magazines from the stand. 

Place the magazines on the 

floor.

tile bench

feels like tiles on concrete: 

hard
feels softer: yields ~ 0.5 cm feels flexible, soft: yields ~ 2 cm Walk over to the bench and sit 

on the bench. Then stand up.

concrete bench

feels like massive concrete: 

very heavy ~ 30 kg
feels less heavy ~ 16 kg feels light ~ 6 kg

Walk over to the bench and 
move it approximately 10 cm 
backwards
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manipulated within product sets. The visual appearance of all 

three products in a set was kept as similar as possible, while the 

tactual characteristics of the three products differed. The visual 

appearance of these products elicited an expectation about how 

the product would feel. The tactual properties of the products in 

each set were designed either to confirm this expectation (No 
Incongruity, NI), to be moderately incongruent (MI), or to be 

largely incongruent (LI) with the expected properties. During the 

creation of the various product sets, we tried to vary the product 

properties on as many tactual dimensions as possible, including 

heaviness, hardness, flexibility, roughness, and stickiness. The 
product sets either consisted of larger products typically placed 

on the floor, or of smaller products typically placed on a table. 
Table 1 lists the six product sets with detailed descriptions of 

the three variants per set, and Figure 1 shows two examples 

of sets of products. By including different product types and 

manipulating multiple tactual dimensions, we aimed to increase 

the generalizability of the results.

Because all products were newly designed for the present 

experiment, we were unsure how our participants would perceive 

the degrees of incongruities. Therefore, the surprise scores at 

the first measurement were used as a manipulation check for 
all products in the test and, if necessary, product categorization 

was adapted. 

Experimental Design

Participants were presented with six (out of 18) stimuli, one 

from each set. Two were expected to be NI products, two MI 

products, and two LI products. In this way, 19-21 participants 

evaluated each stimulus. The order in which participants 

evaluated the stimuli was randomized. Participants evaluated 

the same products at three different points in time; after the first 
evaluation (T = 1) the second evaluation took place 14 - 21 days 

later (T = 2), and the third evaluation took place 7-14 days after 

the second (T = 3).

Procedure for First Encounter

The stimuli were placed in a room, with the larger products 

placed on the floor and the smaller products placed on a table. 
All products were covered. A chair was placed in front of one 

of the stimuli at a distance of approximately 1.5m. A participant 

was instructed to sit on the chair and look at the product in front 

of him/her. Subsequently, the experimenter would uncover the 

first product and instruct the participant to perform a simple 
task with the product. The tasks were different for each product, 

because different tactual characteristics were manipulated for 

the different sets of products (see Table 1). 

After performing the task, the participant was instructed 

to sit at a separate table and fill in a questionnaire. The 
questionnaire consisted of two main parts. Unless indicated 

otherwise, responses were given on 9-point scales with end 

points “do not agree at all” and “agree completely”. The first part 
of the questionnaire contained questions related to the size of the 

incongruity and the pleasantness of the stimuli. Three questions 

measured Surprise: The (product) felt exactly as I expected 

(when I saw it); I am surprised about how this (product) feels; 

and I am amazed about how this (product) feels (Ludden et al., 

2009). Tactual-liking was measured by a single item: I like the 

way this (product) feels. Three items measured Overall-liking: I 

like this (product); This (product) is nice; and I like the way this 

(product) looks. 

In the second part of the questionnaire, participants 

were asked to evaluate to what extent they felt eight different 

emotions: After I touched the (product) I was interested / 

fascinated / amused / disappointed / confused / indignant / 

satisfied / irritated on eight separate 5-point scales with end 

points “not at all” and “very much” and midpoint “a little.” This 

set includes the majority of emotions that have been associated 

with surprise reactions to products according to our literature 

review. Finally, to gain further insight into why the participants 

felt certain emotions, they were asked to write down why they 

felt the way they did. 

Procedure for Second and Third Encounter

The procedures for the second and third encounters with the 

stimuli were largely the same as for the first encounter. However, 
before evaluating the products, in a separate room participants 

 

Figure 1. Two examples of product sets: Soft boxes (top) and 

tile benches (bottom).
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were instructed to give a short description of the products they 

remembered having evaluated on the previous occasion(s). 

Subsequently, participants were provided with an overview of 

the stimuli (shown 5×5 cm color photographs) and were asked 

to indicate which of the products they would like to see and 

feel again. After performing these tasks, participants entered 

the experimental room and were presented with the same six 

products they evaluated the previous time. Participants were 

instructed to answer the questions according to their current 

experience. 

Data Analysis

All responses on scales were coded 1-9 or 1-5. Internal 

consistency of the proposed sum scales was evaluated using 

Cronbach’s α. As manipulation check, we tested whether 
NI, MI and LI versions of products differed on the level of 

surprise participants felt, using between-subjects analysis of 

variance (ANOVA) with Bonferroni adjustment for multiple 

comparisons.

Because the experience of emotions is specific for 
individuals, within-subjects analyses are more suitable for 

research questions considering the experience of emotions 

(Silvia, 2007). Our data set has a multilevel structure, in 

that responses on different variables and on three different 

points in time are nested within people. Therefore, we used 

multilevel modeling to investigate the relationship between 

surprise and other emotions (Kreft & de Leeuw, 1998; Silvia, 

2007), as well as to examine the effect of time (Bijleveld & van 

der Kamp, 1998) within subjects. To perform the multilevel 

analyses, the SPSS MIXED procedure was used, employing 

restricted maximum likelihood estimation. The coefficients 
were modeled as random effects (Painter, 2003). Participants’ 
comments on why they felt certain emotions were used to 

illustrate the results.

To investigate effects of incongruity size on Tactual-

liking, Overall-liking and the experience of emotions, we 

could not use multilevel modeling because every participant 

was presented with only one product from each set. Instead, 

we performed between-subjects ANOVA and analyzed our 

data as if each participant had evaluated only a single product. 

To test general effects of incongruity size on Tactual-liking, 

Overall-liking and the experience of emotions, we performed 

these analyses on the aggregated data of the four product sets 

for which our manipulations were successful. However, we 

report results for individual sets if they clearly disconfirm the 
aggregate analysis.

Finally, for the additional two questions participants 

answered before the second and third presentation of the 

stimuli regarding the products they remembered and wanted to 

see and feel again, frequencies of the products mentioned were 

counted and subjected to ANOVA with Type of stimulus (three 

levels, NI, MI, LI) as factor. 

Results

Manipulation Check 

Table 2 shows the results of separate ANOVAs per product set 

with Surprise (3 items, α = 0.92) as the dependent variable at 

first evaluation (T=1). Scores for NI, MI and LI products were 
evaluated in paired comparisons. In terms of surprise, a successful 

manipulation would mean that scores on Surprise for NI versions 

of products were low, MI versions scored intermediate, and the LI 

products received the largest scores. 

We found main effects on Surprise (all p < 0.01) for all 

but one product set. For the concrete benches, no significant 
differences were found between products. Possibly, our 

participants compared them to other familiar benches or did not 

have any experience in lifting concrete objects, and were surprised 

how heavy they all were. Although the tile benches showed a 

significant main effect and the means showed the expected pattern, 
the difference between NI and MI benches did not reach statistical 

significance. The NI tile bench obtained a relatively high Surprise 
score in comparison with other NI products. This suggests that 

participants did not expect the seat of the bench to be hard and 

completely inflexible. In addition, the Surprise score for the MI 
tile bench was relatively low, suggesting that its flexibility did not 
really surprise the participants. Because the concrete benches and 

the tile benches did not show the expected difference between NI 

and MI products and, thereby, deviated from the other product 

sets, we did not use them in any further analyses.

For the remaining four product sets (metal cups, ear cups, 

soft boxes and newspaper stands) we found a significant main 
effect performing ANOVA, and the scores for the NI version were 

significantly lower on Surprise than for the MI and LI versions. 
However, the differences between MI and LI means were only 

significant for the metal cups. In addition, and contrary to what 
was expected, for the newspaper stands the MI version tended to 

have a higher mean score on Surprise than the LI version. Possibly, 

participants were more surprised by the rubbery, sticky texture of 

the MI canvas newspaper stand than by the roughness of the LI 

stand. Therefore, in further analyses we treated the stimulus that 

was designed as the MI version of the newspaper stand as the LI 

version and vice versa. 

Table 2 F-values and mean scores per product on Surprise at 

first evaluation (T = 1).

Product NI MI LI F-value

Metal cup 2.2a 6.1b 8.2c 67.96**

Ear cup 2.4a 6.3b 7.0b 30.32**

Soft box 3.1a 5.6b 6.5b 10.69**

Newspaper stand 2.5a 7.6b 6.1b 37.05**

Tile bench 4.7a 5.1a 7.4b 11.11**

Concrete bench 5.8a 5.4a 5.2a 0.40

Note: signifcant main effect at the .05 level, ** at the 0.01 level
a,b,c scores with different superscripts were significantly different (p < .05)
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All subsequent analyses were done at the aggregate level 

combining all data from the remaining four product sets. We 

performed an additional analysis to check whether the difference 

between the MI and LI variants, which was only significant for the 
metal cups in the analyses per product set, would be significant in 
the aggregate data analysis. This analysis indeed showed that the 

mean Surprise score was higher for LI than for MI products in the 

paired comparison (p < 0.05, Figure 2). 

Effect of Degree of Incongruity on  

Product Evaluation

To test for the effects of degree of incongruity on the aesthetic 

appreciation of tactual characteristics and on overall product 

evaluation, we used the data obtained in the first evaluation of 
products (T = 1) and included Tactual-liking or Overall-liking 

(Three items, α = 0.89) as dependent variables in ANOVAs with 

Type of stimulus as factor. We found a significant main effect of 
Type of stimulus on Tactual-liking (F(2,245) = 18.2, p < 0.001). 

As expected, paired comparisons show that mean ratings were 

lower for the MI and LI versions of products than for the NI 

versions of products (Figure 2). However, there was no difference 

in mean scores between MI and LI products. We found no main 

effect of Type of stimulus on Overall-liking at the first evaluation. 
The same analyses at T = 2 and T = 3 showed a similar 

pattern for the appreciation of tactual characteristics, where mean 

scores on Tactual-liking were lower for MI and LI versions of 

products. Mean scores on Overall-liking were also similar to 

those at the first evaluation. However, we now found a main effect 
of Type of stimulus on Overall-liking at the second evaluation 

(F(2,237) = 3.67, p < 0.05). Paired comparisons showed that 

ratings were lowest for the MI versions of products (see Figure 2). 

Long-term Effects of Surprise

To investigate if surprising products were remembered better, 

we calculated how often participants mentioned products in the 

three different types before their second or third evaluation of 

the products started. These numbers were subjected to between-

subjects ANOVAs with Type of stimulus as explanatory variable. 

We expected that LI and MI versions of products would be 

mentioned more often than NI versions. However, for both T = 2 

and T = 3, we found no main effect of Type of stimulus (F(2,237) 
< 1.0, p > 0.20). Means for all three types were between 0.7 and 

1.0 suggesting that overall, products were remembered well. 

When similar analyses were performed per product, we found a 

main effect for the ear cups only at T = 3 (F(2,53) = 3.6, p < 0.05). 

However, paired comparisons showed no differences between the 

three types of products.

The frequencies with which participants mentioned 

products that they wanted to see/feel again can be regarded as a 

measure of interest. Again, we expected that LI and MI versions 

of products would be mentioned more often than NI versions, 

but we found no main effect of Type of stimulus (F(2,237) < 1.0, 
p > 0.20). Means for all three types were between 0.2 and 0.3 
suggesting that in general, participants were not often interested 

in seeing and feeling the products again. Performing equivalent 

analyses per product showed a main effect of Type of stimulus 

for the ear cups both at T = 2 and T = 3 (F(2,57/53) > 3.6, p < 

0.05). For this product set, the LI version was mentioned more 

often than the NI version at both T = 2 and T = 3. Furthermore, at 
T = 2 the MI version was also mentioned more often than the NI 

version. We also found a main effect of Type of stimulus for the 

newspaper stand product set at T = 2 (F(2,57) = 7.0, p < 0.01). 

Paired comparisons showed an unexpected difference: The NI 

version of this product was mentioned more often than the LI 

version. Therefore, we did not find a consistent increase in interest 
for the surprising products.    

To show the general effect of time on the experience of 

surprise, Figure 2 presents mean Surprise ratings for the three 

different types of products at the three different time points. These 

ratings show that scores for surprise drop at the second evaluation 

of products and further decrease at the third evaluation. Although 

at T = 2 and at T = 3 Surprise ratings have dropped substantially, 
MI and LI products still have significantly higher ratings for 

  

Figure 2 Ratings on Surprise, Tactual liking and Overall liking at three different points in time for NI, MI and LI versions of products. 

[Note: * Significant difference in paired comparisons (p < 0.05)].
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Surprise than NI products. However, the difference in Surprise 

ratings between MI and LI products that was found at T = 1 was 

no longer present at T = 2 and T = 3.
These ratings only show between-subjects’ means. To test 

the within-person effect of Time on Surprise, we included the 

different responses participants gave at the three different time-

points (which are nested within people) in multilevel analyses. As 

expected, we found a significant negative effect (t(56) = -15.33, p 

< 0.05) of Time on Surprise.

Emotions Following Surprise

To test our assumption that surprise is often followed by another 

emotion, we investigated the relationship between Surprise and 

the eight emotion scales at T = 1 using multilevel modeling. By 

using multilevel modeling, for each emotion we can test whether 

experiencing surprise affects the intensity of that emotion. To do 

so, a single participant’s surprise ratings are related to his or her 

emotion ratings over all products this participant was presented 

with. In multilevel modeling, the relationship thus obtained is 

called a slope. Subsequently, slopes were averaged over people 

to obtain a relationship between surprise and other emotions. The 

analyses showed significant positive relationships (3.79 < t(61) < 

10.44, all p < 0.001) between Surprise and interest, fascination, 

amusement, confusion, indignation and irritation. Furthermore, 

we found a negative relationship between Surprise and 

satisfaction (t(61) = -2.33, p < 0.05). No significant relationship 
was found between Surprise and disappointment. Hence, these 

outcomes suggest that surprise increases the intensity of interest, 

fascination, amusement, confusion, indignation and irritation, 

whereas it decreases the degree of satisfaction.

The effect of degree of incongruity on the experience of 

emotions was investigated in a between-subjects analysis at T = 

1. We included the eight emotion scales as dependent variables in 

eight separate ANOVAs, and we examined differences between 

NI, MI and LI versions of products in paired comparisons (Figure 

3, T= 1). We found main effects (F(2,245) > 4.3, all p < 0.05) 

of Type of stimulus on all emotions. For interest, fascination, 

amusement and confusion, mean scores for NI versions of 

products were significantly lower (p < 0.05) than mean scores for 

MI versions, and mean scores for MI versions were significantly 
lower than mean scores for LI versions. For the emotions 

indignation and irritation, mean scores for NI were lower than 

for MI products, but scores for MI and LI versions of products 

were similar. For all these emotions, positive relationships with 

Surprise were found in the multilevel analysis. 

For disappointment, the mean ratings for MI versions of 

products were higher than those for NI and LI versions at T = 1. 

Furthermore, for satisfaction, mean ratings for MI versions were 

lower than those for NI and LI versions. Although these differences 

did not always reach significance in the paired comparisons, they 
may reflect the pattern in means we found for Overall-liking.

To test the within-participant effect of Time on emotions, 

we included the different responses participants gave at the 

three different time-points (which were nested within people) in 

multilevel analyses. We found significant negative effects of Time 
on seven of the eight emotions (-4.8 < t(56) < -14.9; all p < 0.05). 

Only satisfaction had no significant effect from Time. Therefore, 
participants’ experience of all emotions except satisfaction 

decreased over time. 

We also investigated differences between NI, MI and LI 

versions of products in between-subjects analyses (Figure 3, T = 
2 and T = 3). These analyses show that at the second evaluation 
of products, we still find main effects of Type of stimulus on 
three emotions: interest, fascination and amusement. Differences 

between the different versions of products show the same pattern 

as during the first evaluation, i.e., mean scores for LI versions 
are highest, scores for MI versions are lower than for LI, and 

scores for NI versions are lowest. At the third evaluation, main 

effects of Type of stimulus are found for only two of these three 

emotions: interest and fascination. Differences between LI, MI 

and NI versions are smaller (and not always significant), but point 
in the same direction as at the first and second evaluation. We also 
found a main effect for confusion at T = 3; mean ratings for the MI 
versions were significantly higher than ratings for the NI versions. 

Discussion

Effect of Degree of Incongruity on  

Product Evaluation

As expected, we found a negative effect of degree of incongruity 

on the aesthetic appreciation of unexpected tactual characteristics. 

Moderately incongruent (MI) and largely incongruent (LI) 

versions of products scored lower on Tactual-liking than products 

with no visual-tactual incongruity (NI). However, this effect did 

not increase with a larger degree of incongruity; mean scores 

for MI and LI products were similar. Possibly, the scores on 

Tactual-liking for the MI and LI versions of products were 

mainly determined by the fact that they contained unexpected 

characteristics and not so much by the degree of incongruity. The 

relationship between the variables Surprise and Tactual-liking 

(Pearson r = -0.39, p < 0.01), confirms that touching something 
different from expected may make the experience less pleasant. 

This finding is in line with a preference-for-typicality (familiarity) 
model. 

Tactual-liking may also be affected by the tactual properties 

of the objects themselves. For instance, some of the products with 

visual-tactual incongruities (the LI soft box, and the MI and LI 

newspaper stands) may have scored relatively low on Tactual-

liking because they felt rough or hard. Nevertheless, because the 

present study also included products with incongruities for which 

the tactual properties were probably quite pleasant (e.g., the soft 

texture of the MI and LI ear cups or the lightness of the MI and LI 

metal cups), these products may have compensated for any effects 

of the unpleasant properties.

Ratings on Overall-liking tended to be lower for MI versions 

of products than for NI and LI versions of products (Figure 2). 

Although the difference in ratings for MI and LI versions of 

products was only significant at T = 2, this seems to confirm 



www.ijdesign.org 8 International Journal of Design Vol.6 No.1 2012

Beyond Surprise: A Longitudinal Study on the Experience of Visual-Tactual Incongruities in Products

our hypothesis that the negative effect of perceiving unexpected 

tactual characteristics may be overcome by a positive effect of 

experiencing positive emotions following the surprise reaction. 

Ratings on positive emotions were higher for LI versions of 

products than for MI versions of products. Therefore, the positive 

effect of experiencing positive emotions on the overall evaluation 

of products may have been larger for LI versions of products than 

for MI versions of products, leading to higher ratings on Overall-

liking. Surprise was not correlated with any of the items in the 

Overall-liking scale (p > 0.10).

Emotions Following Surprise

The positive relationships we found between Surprise and six 

of the eight emotions we tested support our assumption that 

surprise can be seen as the first stage in a sequential process of 
appraisals that is followed by the experience of other emotions. 

Only between surprise and disappointment did we find no 
relationship. 

Mean ratings on amusement (at T = 1) were particularly 

high for the metal cup LI (4.3) and the tile bench LI (3.8; all 
other means were below 3.5). In their comments on why they 
felt certain emotions, participants often mentioned the words 

“funny” or “amusing” for these products (4 and 5 times out of 20, 

respectively, compared to 0 or 1 time for other products). In both 

products, unexpected flexibility is the surprise-evoking aspect. 
Flexibility may be seen as a diminishing attribute in that it can 

make an object seem flimsy, of inferior quality. However, Wyer 
and Collins (1992) stated that perceiving a diminishing attribute 

that is not evaluated as conflicting with an individual’s goals 
can evoke amusement. Therefore, flexibility in products may 
be seen as amusing, as long as the flexibility does not diminish 
the functionality of the product. It would be unwise to conclude 

here that all products that are more flexible than expected evoke 
amusement; the complexity of the products used in our study does 

not permit such conclusions. However, it would be interesting 

to further study the relationship between surprises due to tactual 

properties and the specific emotions that can follow the surprise. 

  

Figure 3. Experience of emotions at three different points in time for NI, MI and LI versions of products. 

[Note: * Significant difference in paired comparisons (p < 0.05)].
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Comparing Figures 2 and 3, several emotions (interest, 
fascination, amusement) seem to follow a pattern of means 

that is quite similar to the one found for Surprise. At T = 1 the 

intensity of the emotions increases from NI to LI products, and 

this pattern seems to attenuate over time. This suggests that these 

emotions are mainly determined by the occurrence of unexpected 

events. The responses for indignation and irritation deviate from 

this pattern because these emotions show no difference between 

MI and LI products. This pattern bears more similarity to the 

pattern found for Tactual-liking. Possibly, the unpleasantness 

of unexpected tactual stimuli evokes irritation and indignation 

among participants. 

For satisfaction, the pattern of mean responses is very 

different and resembles the pattern found for Overall-liking. In 

addition, the multilevel analysis for T = 1 showed a negative 

relationship between satisfaction and surprise. According to 

Vanhamme and Snelders (2001), surprise in combination with 

negative emotions may have a negative effect on satisfaction. 

However, our results give reason to believe that surprises evoked 

by visual-tactual incongruities generally evoke positive emotions. 

Although mean ratings for all emotions were relatively low (all 

< 4), mean ratings for negative emotions were somewhat lower 

than those for positive emotions. According to Oliver (1997), 

people experience a higher degree of satisfaction when a product 

performs according to their expectations or performs better than 

expected. Indeed, participants’ comments suggest that their ability 

to understand the products (“I am not satisfied, because I still do 
not know how this product was made”) or to perform a task in 

the experiment (“It gave me a feeling of satisfaction that I could 

move the bench, because I thought that I would not be able to do 

that”) had an effect on their judgements for satisfaction. It may 

also explain why we found no effect of time on satisfaction. At the 

second and third encounter with the products, participants often 

expressed that they were satisfied because they had remembered 
the products’ characteristics (“I remembered that this bench felt 

much lighter than it looked, and that it felt smooth. This made 

me feel satisfied”). Therefore, the responses for satisfaction seem 
to be mainly determined by how participants evaluated their task 

performance in relation to the products, and to a lesser extent by 

their momentary reactions to unexpected events. 

Long-term Effect of Surprise

Contrary to what we expected, participants’ recollection of NI, MI 

and LI versions of products was about the same, and participants 

did not express a greater interest to experience the surprising 

products again. Although surprising products did not receive 

higher Overall-liking ratings, they received higher ratings on 

several positive emotions.

Our results show that a product can, to some extent, be 

surprising not only at the first, but also at the second and third 
encounters. In other words, the experience of surprise is not 

simply a one time only event, but one where the intensity of 

surprise decreases with the number of encounters. Participants 

sometimes expressed their disbelief about the surprise they felt 

when experiencing the products for the second time: “I thought I 

knew how this product felt now, but it felt different nevertheless.” 

This could imply that when people adjust their knowledge after 

the first encounter with a surprising product, the adjustment is 
not complete (e.g., Helson, 1964). Or, alternatively, after the first 
encounter the stored knowledge may have drifted away, so that the 

expectation on the second encounter again differs from the actual 

experience. The differences in ratings on interest, fascination and 

amusement between the different product variants at T = 2 and T = 

3 may be related to this repeated experience of surprise.

Conclusion

Our results suggest that several emotions can accompany surprise 

reactions to industrial products. Although the effect of surprise 

diminishes over time, it persists and can be measured at multiple 

occasions. Possibly, the liking for surprising products may be 

the composite effect of a decreased liking due to unfamiliar 

characteristics and increased liking due to positive emotions 

following surprise. The effects that surprise can have on the long 

term make the experience of surprise and the resulting emotions 

particularly relevant to designers. Because surprising products 

offer new experiences to users and stimulate further exploration 

of the product, designers may benefit from designing surprising 
products. Hopefully, the findings of this study will stimulate 
other researchers to further pursue the question of how people’s 

emotional reactions to products develop over time. 
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