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Effects of multisensory packaging
on taste perception, emotional
responses, and willingness to pay
for chocolate

Shuangshuang Xiao?, LiYang Yu?, Yuwen Meng?, Roope Raisamo? & Mounia Ziat?"™*

Product packaging serves as a powerful multisensory cue that shapes consumer expectations,
emotional responses, and purchasing behavior-often before the product is even consumed. This

study investigated how color, texture, scent, and unboxing interaction jointly influence the perceived
quality, taste experience, emotional engagement, and economic valuation of a chocolate product.
Thirty-six participants were assigned to one of six groups defined by between-subjects factors (scent:
present vs. absent; texture: smooth, raised dots, embossed pattern) and evaluated six boxes that
varied within-subjects in color (white, purple) and unboxing interaction (lift-off, snail-fold, slide-
and-tilt). Each box contained the same chocolate, and participants completed questionnaires on
sensory perception, product-package congruency, emotional response, and willingness to pay.
Results revealed that unboxing interaction significantly shaped perceived attractiveness and semantic
impressions, with more complex openings rated more positively. Texture and scent jointly influenced
perceived flavor intensity, taste persistence, and emotional valence. Scent enhanced perceived

luxury and purchase intention but reduced overall liking, smoothness, and willingness to taste again,
potentially due to hedonic overload, in which the added chocolate scent increased sensory stimulation
beyond an optimal level. Color-texture combinations further modulated emotional responses and
congruency judgments. While these findings underscore the importance of multisensory coherence

in packaging, interpretation is limited by the small sample, reliance on self-report measures, and the
absence of physiological indices.

Product packaging is a multisensory interface between consumer and product. Beyond containment and
protection, it communicates brand identity and quality through coordinated visual, haptic, olfactory, and
interactive cues that are encountered before consumption'~. From a cognitive-neuroscience perspective, such
cues are combined by the brain through multisensory integration mechanisms that enhance the salience of events
when signals are congruent in space and time and can accelerate responses relative to any single cue alone’. In
consumer settings, these integrations are shaped by learned crossmodal correspondences (e.g., mapping darker
hues to bitterness or rougher textures to strength), which bias expectations and choice even when people are
unaware of these influences®”.

Contemporary theories conceptualize perception as prediction. In predictive-coding and active-inference
accounts, the brain uses prior beliefs to predict incoming sensory input and updates those predictions by
minimizing prediction error®!°. Packaging can be understood as an external scaffold that seeds such priors:
color, texture, and structure generate expectations about a product’s taste, quality, and value; dynamic unboxing
actions then confirm or violate those expectations. In addition to exteroceptive predictions (sight, touch, smell),
interoceptive predictions about internal bodily states (e.g., arousal, appetite) also shape affect and valuation. The
Embodied Predictive Interoception Coding (EPIC) model proposes that visceromotor cortices issue predictions
about how the body should feel in upcoming states, with prediction errors calibrating future affective responses!.
In the context of hedonic products, packaging therefore not only communicates what the product is, but also
how the body should feel while anticipating and consuming it.

These predictive processes interact with robust crossmodal regularities documented in behavioral and
neuromarketing research. Color systematically shapes brand personality, attention, and purchase intent'?, and
crossmodal color-taste correspondences guide flavor expectations and liking!>!*. Likewise, sound and texture
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affect food perception (e.g., amplifying crispness with higher-frequency bite sounds)'®, and multisensory
interactions underpin the perception of flavor during consumption'®!”. Unboxing adds a temporal, embodied
component: interaction mechanics (e.g., stepwise vs. fluent; mediated vs. direct) shape anticipation and perceived
value even before tasting!®!°. Crucially, more stimulation is not always better. Odor pleasantness typically follows
an inverted-U relationship with intensity; when stimulation exceeds an optimal “sweet spot, hedonic value can
drop even as perceived intensity and arousal rise?.

The present study adopts this multisensory-predictive framework to examine how color (White, Purple),
texture (Smooth, Raised Dots, Embossed), scent (present, /absent), and unboxing interaction (Lift-Off, Snail-
Fold, Slide-and-Tilt) combine to shape impressions of a chocolate product. We advance prior packaging
work®71821.22 by (a) incorporating olfaction and dynamic interaction into a unified account grounded in
multisensory integration and predictive coding, and (b) testing specific, preregistered predictions about quality,
taste, emotion, and economic valuation. Based on the above, two hypotheses were proposed:

« Interaction complexity and predictive fluency (H1): Compared to simpler openings, more complex/step-
wise unboxing will increase perceived box attractiveness and luxury, elevate price expectations and willing-
ness to pay (WTP), and modulate Interaction Vocabulary ratings. However, when interaction is appraised as
highly excessive, we predict a reversal with lower attractiveness and WTP.

« Multisensory coherence vs. hedonic overload (H2): A congruent addition of scent will increase perceived
flavor intensity and taste persistence and raise luxury/purchase intent. At high ambient intensity, scent will
reduce overall liking and willingness to taste again (hedonic overload); texture-scent and color-texture cor-
respondences will moderate these effects such that congruent pairings (e.g., darker (purple) with richer tex-
tures) yield higher perceived quality, unity, and perfection.

Related work

The visual appearance of packaging plays a central role in shaping consumer perceptions and behaviors,
with color serving as one of the most influential visual cues. It not only elicits emotional responses but also
shapes sensory expectations. High chroma levels, for example, have been linked to feelings of relaxation, while
increased brightness tends to heighten arousal and excitement-both of which can enhance product likability?>.
Color also influences perceived physical attributes: darker hues suggest heaviness and durability, whereas lighter
tones imply lightness and convenience*!. Marketing syntheses likewise document robust color-brand effects
and boundary conditions in the marketplace'>!®, and neuromarketing evidence links color to crossmodal
mappings that steer expectations before consumption!®. These perceptual and emotional effects often translate
into behavioral outcomes. Rebollar et al.>* found that color was the most influential design element-surpassing
even packaging format-with warm hues evoking fruity or sweet flavors and cool tones signaling menthol or
spiced notes. Moreover, higher color saturation draws visual attention and increases perceived product size,
which heightens arousal and contributes to more favorable evaluations, including a greater willingness to pay®.

Beyond color, shape is another key element of packaging design that influences consumers’ impressions and
expectations of the product. Research demonstrates that symmetry is often perceived as a marker of brand
premiumness?’, whereas asymmetrical designs can enhance perceived taste quality®. Becker et al. found
that angular shapes, compared to rounded ones, evoke more intense taste sensations and lead to higher price
expectations®>*’. When combined with specific color schemes-such as red-to-yellow or blue-to-green-angular
packaging further strengthens taste associations and consumer preferences, outperforming rounded or grayscale
alternatives®!. These effects align with crossmodal-correspondence research showing systematic mappings
between visual form/color and taste, pitch, or intensity that guide attention and expectation®.

The interplay between shape and surface texture also plays a significant role in shaping consumers’
impressions. For instance, glossy surfaces, as opposed to matte finishes, tend to convey lightness rather than
roughness or thickness, and are associated with greater attractiveness and perceived quality>***. However, while
glossy packaging may increase purchase intention, it does not necessarily raise consumers’ willingness to pay™.
More generally, modality weighting studies indicate that vision and touch dominate product appraisal in many
categories, with tactile cues disproportionately shaping emotion-laden judgments’.

The tactile experience®® of a package also plays a crucial role in consumer perception, product evaluation,
and purchase intention. Several studies highlight how specific haptic features—such as material texture, weight,
and structural integrity—can shape consumer expectations and sensory experiences. For instance, roughness and
suppleness influence perceived food naturalness®®, while surface texture affects sensory expectations: cookies in
rough-textured packaging were perceived as crunchier and harder than those in smooth packaging®. Similarly,
flimsy packaging materials can negatively impact product evaluations, as shown by Krishna and Morrin¥’, who
found that weaker drink containers diminished consumer ratings of the beverage. Weight is another decisive
tactile attribute—the heavier the package, the higher the perceived flavor intensity, desire for consumption,
and willingness to pay*. Additionally, texture congruence between the packaging and the product plays a key
role, with texture incongruence leading to diminished taste perception and reduced consumer satisfaction®.
Likewise, Schutrups®® reported that congruence across multiple sensory attributes—such as shape, texture, and
weight—was associated with higher willingness, as rough textures and heavier weights were found to enhance
taste intensity and reinforce perceptions of luxury. These haptic influences dovetail with predictive processing
views 8 in which prior expectations tuned by touch (e.g., weight/roughness) shape subsequent gustatory
judgments.

Although auditory and olfactory cues in packaging have received less research attention, they are essential
contributors to the overall product experience, just like the visual and tactile elements. Researchers demonstrated
that the combination of food images with scent enhanced participants’ salivation, desire to eat, and actual
consumption®’. Spence and Gallace*! found that potato chips were perceived as 5% crunchier when eaten while
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listening to the rattling sound of the package. More broadly, flavor perception is intrinsically multisensory—
arising from dynamic integration of olfaction, taste, trigeminal, vision, and audition—so packaging cues can
shift flavor even before tasting*>*’. Classic demonstrations show that manipulating bite/acoustic feedback
alters crispness and staleness judgments, underscoring how packaging-related sounds can modulate oral-
somatosensory experience!®. These cue-combinations are well explained by neural principles of multisensory
integration (e.g., superadditive gains and attention-dependent weighting)®.

In addition to sensory attributes, the dynamic interaction between consumers and packaging during
unboxing has drawn increasing research attention, particularly with the rise of unboxing videos over the past
decade. Bae!® found that unboxing interactions can evoke emotions such as joy and fascination, significantly
influencing consumers’ emotional responses and product perception. Packaging complexity has also been
shown to affect product appraisal and consumer satisfaction. Higher complexity in actions and transformations
raises expectations of product quality and shapes perceptions of product personality'®. Similarly, Li and Cho**
found that complex unboxing experiences elicited more positive emotions and perceived quality, while reducing
negative emotions and increasing overall satisfaction. Berden®® further demonstrated that complex packaging,
compared to simple designs, generated greater positive affect regardless of brand familiarity or design sensitivity.
The unboxing experience itself can influence product evaluations and purchase behavior, as physically
interacting with packaging has been shown to enhance attractiveness, taste perception, satisfaction, and even
willingness to pay compared to evaluations based solely on visual appearance®*. Linking these findings to
cognitive neuroscience, unboxing sequences can be viewed as predictive events that tune expectations and
precision weighting across modalities; when cues converge, integration boosts salience and speeds responses,
whereas mismatches can dampen value>®!!, Recent applied work in multisensory marketing similarly shows
that orchestrating congruent visual-taste-olfactory cues elevates experiential value and brand attitude*®.

Results

Data analysis

The mixed-subjects design included Color (White, Purple) and Unboxing Interaction (Lift-Off, Snail-Fold,
Slide-and-Tilt) as within-subjects factors, and Texture (Smooth, Raised Dots, Embossed Pattern) and Scent
(absent, present) as between-subjects factors. To examine the influence of multisensory packaging attributes on
product perception, emotion, and consumer behavior, we selected analytic approaches based on the scale level
and distribution of each dependent variable.

Mixed-design ANOVAs. We used mixed-design ANOVAs for outcomes measured on continuous or
approximately interval scales (e.g., attractiveness composites, unboxing experience ratings, overall liking, taste
persistence, congruency scores, and PrEmo ratings). This approach allowed us to test both main effects and
interactions across the within- and between-subject factors while controlling Type I error in a factorial design.
Bonferroni-corrected post hoc tests and simple main effects were used to interpret significant interactions.

Cumulative Link Mixed Models (CLMMs). For ordinal responses such as intensity, hardness, smoothness,
and willingness to taste again, parametric assumptions of ANOVA (normality, homogeneity of variance) are
not appropriate. CLMMs are designed for ordered categorical data and additionally allowed us to include
participant-level random effects, thereby accounting for repeated measures and inter-individual variability.

Multinomial tests. For categorical outcomes where participants selected a single flavor or taste descriptor
(e.g., caramel, sweetness), the dependent variable was nominal with more than two categories. Multinomial tests
assessed whether the observed response frequencies differed significantly from chance-level expectations under
a uniform distribution, making them suitable for testing categorical choice distributions.

Chi-square tests and Correspondence Analysis (CA). For the emotion lexicon (Check-All-That-Apply format),
responses were categorical and non-exclusive. Chi-square tests were used to examine associations between
packaging conditions and word frequencies. CA was then applied as an exploratory multivariate technique to
visualize relationships between conditions and lexical choices in low-dimensional space, highlighting patterns
of association that would not be apparent in univariate analyses. Standardized residuals identified specific words
contributing to significant associations.

Together, this analytic strategy ensured that each outcome was analyzed with the method most appropriate
to its measurement scale and distributional properties, providing robust tests of our hypotheses across
heterogeneous data types.

Box attractiveness
To assess the reliability of the box attractiveness scale, Cronbach’s alpha was computed for the three-item
semantic differential scale (Attractiveness, Beauty, Desirability). The results indicated high internal consistency
(a = .84), justifying the use of a composite attractiveness score calculated as their mean. This composite score
served as the dependent variable in a 2 (Color) x 2 (Scent) x 3 (Texture) x 3 (Unboxing Interaction) mixed-
design ANOVA examining the effects of packaging features on participants’ overall perceived attractiveness.
Sphericity and homogeneity assumptions were tested and met. The analysis revealed a significant main
effect of Unboxing Interaction, F'(2,60) = 3.73,p = .03, 17 = .20. Post hoc comparisons using Bonferroni
correction indicated that the Slide-and-Tilt box was rated significantly lower than the Snail-Fold box
(p < .05; see Fig. 1). Additionally, a three-way interaction among Color, Scent, and Texture was significant,
F(2,30) = 3.62,p = .03,n2 = .11, indicating that the effect of color on perceived attractiveness depended
jointly on surface texture and the presence of a chocolate scent. Simple main effects analyses were conducted:
The attractiveness score for the White box was significantly lower in the Smooth texture condition without scent
(p = .02). However, this effect disappeared in the scent-present condition (p > .05; see Fig. 1), which suggests
that the three-way interaction was driven by a selective penalty for the White-Smooth package when scent was
absent.
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Fig. 1. Left: Bar plots with 95% confidence intervals for attractiveness score by Unboxing type. Right: Color
x Texture interaction plots when scent is present and absent with error bars representing 95% confidence
intervals.
2
Unboxing dimension F df P Mp
Fast-Slow 20.97 | (2,60) | <.001 | .41
Stepwise-Fluent 16.16 | (2,60) | <.001 | .35
Instant-Delayed 19.05 | (2,60) | <.001 | .39
Uniform-Diverging 4.88 | (2,60) | =.01 14
Constant-Inconstant 4.68 | (2,60) | =.01 14
Mediated-Direct 10.58 | (2,60) | <.001 | .26
Approximate-Precise 9.16 |(2,60) | <.001 |.23
Gentle-Powerful 9.86 | (2,60) | <.001 |.25
Incidental-Targeted 3.99 | (2,60) | =.02 18
Apparent-Covered 14.17 | (2,60) | <.001 | .32
Spatial Separation-Proximity n.s - -
Interaction Effects for Uniform-Diverging
Color X Scent 7.36 | (1,30) | =.01 |.20
Color X Unboxing X Scent X Texture 299 | (4,60) |=.02 |.17
Table 1. Mixed-design ANOVA results for the unboxing experience using the Interaction Vocabulary Scale.
Unboxing interaction
The mixed-design ANOVA conducted on participants’ ratings across eleven semantic pairs from the Interaction
Vocabulary Scale aimed to examine the effects of Unboxing, Color, Texture, and Scent conditions. Sphericity and
homogeneity assumptions were met for all comparisons. Significant main effects of Unboxing type were observed
(Table 1), indicating that participants’ perception of unboxing varied based on the box-opening mechanism.
Posthoc analyses with Bonferroni correction revealed that the Lift-Off box was rated as significantly
(p < 0.05) faster, more fluent, more instant, more uniform, more constant, more direct, and more precise
compared to both the Snail-Fold and Slide-and-Tilt boxes. Additionally, the Lift-Off box was perceived as
significantly (p < 0.05) more targeted than the Snail-Fold box (see Fig. 2). In contrast, the Snail-Fold box was
perceived as significantly more powerful and more covered than both the Lift-Off and Slide-and-Tilt boxes.
Furthermore, participants rated the Snail-Fold box as significantly slower than the Slide-and-Tilt box. Finally,
the interaction of Color, Texture, and Scent influenced Uniform-Diverging ratings, particularly for Purple boxes
in the scent-present condition, which were perceived as more uniform compared to other conditions, suggesting
that perceived uniformity increased specifically for Purple boxes when scent was present, across textures.
Sensory evaluation
Flavor and taste perception
A multinomial test was conducted to examine differences in flavor perception across the experimental conditions.
A significant effect of Scent—Texture was found for the perception of Caramel flavor, x*(5) = 11.38,p = .04,
indicating that participants’ perception of caramel varied depending on the combination of scent presence and
texture. As displayed on Fig. 3, Caramel was reported more frequently in the (Scent-absent, Raised Dots)
condition (n = 27) compared to the expected frequency (n = 17.33), whereas the (Scent-present, Smooth)
condition showed fewer reports of Caramel flavor (n = 9) than expected (n = 17.33).
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Fig. 2. Semantic differential chart representing the interaction vocabulary scale for the three type of unboxing
interactions: Lift-Off, Snail-Fold, and Slide-and-Tilt.
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Fig. 3. Descriptive plot of the observed frequencies for caramel perception across the six Scent-Texture
conditions.

Another multinomial test on taste perception revealed a significant effect of Scent-Texture condition for the
perception of sweetness, x*(5) = 11.18, p = .04. This result suggests that participants’ perception of sweetness
was influenced by the combination of scent presence and texture. As shown in Fig. 3, Sweetness was reported
more frequently in the Scent-absent, Raised Dots condition (n = 26) compared to the expected frequency (n =
17.17). In contrast, the Scent-absent, Embossed condition had fewer reports of Sweetness (n = 9) than expected
(n =17.17). No other conditions significantly deviated from the expected frequency distribution.

Intensity, hardness, and smoothness
A CLMM was conducted to examine the effects of scent, texture, and unboxing type on perceived intensity,
hardness, and softness (see Fig. 4).

For intensity, the presence of scent in combination with embossed-pattern texture significantly increased
intensity ratings b = 4.29, p = .028, suggesting that the addition of olfactory cues enhanced the perception
of intensity in this condition. Similarly, scent combined with a white container resulted in higher ratings for
the Snail-Fold (b = 4.03, p = .019) and Slide-and-Tilt (b = 3.98, p = .020) boxes. Additionally, scent with the
Lift-Off unboxing using a purple container led to the strongest increase in intensity, b = 4.69, p = .007. These
findings indicate that the addition of scent consistently enhances perceived intensity, particularly when paired
with pattern texture or specific unboxing types, reinforcing the intensity perception of the chocolate.
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Fig. 4. Descriptive plots of the perceived intensity, hardness, and smoothness for the three textures when scent
is present and absent. Error bars represent 95% confidence intervals.
White - Smooth Purple - Slide-and-Tilt Embossed - Slide-and-Tilt Purple - Smooth
6 6
6 6
5 5
5 5
4 4 . "
3 3 3 3
2 2 2 2
1 il 1 1
0 0 0 0
Lift-Off Snail-Fold Slide-and-Tilt Raised Dots Embossed Smooth No-Scent Scent No-Scent Scent

Fig. 5. Bar plots for persistence of taste means with 95% confidence intervals. From left to right: White-
Smooth per Unboxing Interaction, Purple Slide-and-Tilt per Texture, Embossed Slide-and-Tilt per Scent, and
Purple-Smooth per Scent. The light color in each plot shows the condition that is significantly different from
the others.

For hardness, the only significant effect observed was for the Purple Slide-and-Tilt box, b = —6.03, p = .031,
indicating that the presence of scent in this condition significantly decreased perceived hardness.

Finally for smoothness, the analysis revealed that the presence of scent significantly decreased smoothness
ratings, b = —3.60, p = .046, suggesting that olfactory cues may contribute to a rougher perception of texture.
Additionally, the Embossed Pattern texture in combination with the Purple Snail-Fold (b = —5.11, p = .018) and
Slide-and-Tilt (b = —4.32, p = .043) boxes led to a significant decrease in smoothness ratings. These findings
indicate that scent can reduce the perceived smoothness of chocolate, with Embossed Pattern being particularly
pronounced.

Overall liking

The mixed-design ANOVA on the overall liking scores of the chocolate, measured ona 7-point scale (1 = Extremely
dislike, 7 = Extremely like) revealed a significant main effect of Scent, F'(1,30) = 5.71,p = .023, 2 = .16,
indicating that participants liking ratings were influenced by scent presence. Chocolates in the scent-present
condition received lower liking scores (M = 4.58, 95% CI [4.03, 5.14]) compared to those in the scent-absent
condition (M = 5.50, 95% CI [4.95, 6.05]). No significant effects were found for Color, Texture, or Unboxing,
nor were there order effects, suggesting that scent was the primary factor influencing participants’ chocolate
preference, independent of other sensory attributes or unboxing interaction.

Taste persistence

The mixed ANOVA on persistence of taste (in seconds) revealed a four-way interaction effect among Color,
Unboxing, Scent, and Texture, F'(4,60) = 2.66,p = .04, 77,% = .15. To further explore this interaction, simple
main effects analyses were conducted. As shown In Fig. 5, the persistence of taste was significantly lower for the
White Slide-and-Tilt box with a smooth texture (M = 3.78,p < .05) compared to other boxes with the same
color and texture. In the Purple condition, taste persistence was significantly lower for the Slide-and-Tilt box
with an embossed pattern (M = 4.10, p < .05). When Scent was absent, taste persistence was also significantly
lower for the Slide-and-Tilt box with an embossed pattern (M = 3.40, p < .05) compared to the scent-present
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Fig. 6. Correspondence analysis from the emotion terms for Scent (left) and Texture (right).

Factor X2 (df) p-value | Significant words (£=1.96 threshold)
Scent 51.18 (31) | .0127 No significant word associations

More frequent in Raised Dots:Guilty (z = 2.12)

Less frequent in Raised Dots:Affectionate (z = -2.21)
Texture 92.85 (62) | .007 More frequent in Embossed Pattern:Bored (z = 2.10)

More frequent in Smooth:Good (z = 1.99)

Less frequent in Smooth:Healthy (z = -2.02)

Color 20.41 (31) | .927 No significant word associations

Unboxing | 36.60 (62) | .996 No significant word associations

Table 2. Summary of Chi-square tests and significant word associations. Words with standardized residuals
greater than £1.96 indicate significant deviation from expected frequencies, showing strong preference or
avoidance under specific conditions.

condition. Finally, in the Smooth-Purple condition, taste persistence was significantly lower when scent was
present (M = 4.00) compared to when the scent was absent (M = 5.21,p < .05).

Willingness to taste more

The CLMM was used to analyze participants’ willingness to taste another piece of chocolate. The model revealed
a significant effect of scent, B = —1.25, SE = 0.60, z = —2.09, p = .036, indicating that participants in the
Scent-present condition were less willing to taste another piece compared to the Scent-absent condition.

Emotional lexicon

The analysis of the emotional lexicon was conducted using Correspondence Analysis for each condition (Scent,
Texture, Color, and Unboxing). A Chi-square test of independence was performed to examine the relationship
between word selection and each condition. In the CA plots (Fig. 6), words positioned closer to a condition (in
red) were more frequently chosen under that condition. To determine which descriptors contributed most to
the significant association between word selection and conditions, standardized residuals were analyzed. Words
with standardized residuals greater than +1.96 were identified as having a statistically significant deviation from
expected frequencies, indicating a strong preference or avoidance under specific conditions. Table 2 summarizes
the results.

Scent and Texture significantly influenced word choice, while Color and Unboxing did not. Although the
Scent factor showed a significant overall association, no individual descriptors exceeded the conventional £1.96
threshold, indicating a more diffuse pattern rather than strong associations with specific words. Texture had the
strongest impact (see Fig. 6), with Raised Dots linked to indulgence (Guilty), Embossed linked to disengagement
(Bored), and Smooth texture evoking a positive but non-health-related experience (Good, Healthy). Color and
Unboxing did not influence word selection, suggesting these factors did not strongly impact the emotional
lexicon of chocolate consumption.

Product-box congruency

A mixed-design ANOVA was used to evaluate the package—chocolate congruency ratings (matching,
ordinariness, perfection, excessiveness, unity, and fit). For perceived perfection, a significant effect of
Texture, F(2,30) = 3.86,p = .03,72 = 0.21, and significant interaction Color x Scent x Texture,
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F(2,30) = 3.55,p = .04,n2 = 0.20,and Unboxing x Scent x Texture, F'(2,30) = 3.19,p = .01,7; = 0.18,
effects were also found. Simple main effects analysis found that when the packaging was white and scent was
absent, the Raised Dots texture received notably higher ratings than the Smooth texture. Additionally, when the
texture was Smooth and scent was absent, the Purple packages (M = 3.28, 95% CI [2.24, 4.31]) were rated more
favorably than the White packages (M = 2.39, 95% CI [1.35, 3.42]). Simple main effects analysis also revealed
that the Raised Dots texture obtained the higher perfection scores compared to the Smooth for the Snail-Fold
box when scent was absent and for the Lift-Off box when scent was present (p < .05).

For the perceived excessweness, a significant main effect of Texture was found,
F(2,30) = 4.81,p = .01,77 = 0.24, with Embossed Pattern texture received significantly higher
ratings than the Smooth texture (p < .05). A Texture X Color interaction was also observed,

F(2,30) = 3.33,p = .04, np = 0.18, for excessiveness. Simple main effects indicated that White Raised Dots
boxes were significantly perceived less excessive than when combined with Purple (p < .05).
Finally, a significant main effect of Unboxing was also found for ordinariness,
F(2,60) = 5.81,p = .005, 77 = 0.16, and excessiveness, F'(2,60) = 9.55,p < .001,n7 = 0.24. Post hoc
tests indicated that Snail-Fold received significantly lower scores on perceived ordinariness (p < .05), while
Lift-Off received significantly lower excessiveness ratings than Snail-Fold and Slide-and-Tilt (p < .05).

Price expectation and willingness to pay

The mixed-design ANOVA on participants’ 2pmce expectation for the chocolate revealed a significant main effect
of Unboxing, F'(2,60) = 4.43,p = .01,7; = 0.13. Post hoc pairwise comparisons revealed that Snail-Fold
was associated with significantly higher price expectation than the Slide-and-Tilt box (p < 05) Additionally,
a significant interaction was found between Scent and Texture, F'(2, 30) = 4.59, p = .01, 77 = 0.23. Post hoc
tests indicated that when scent was absent, chocolates inside a Raised Dots box elicited 51gn1ﬁcantly higher price
expectation than those in a Smooth box (p < .05). However, when Scent was present, the Smooth texture box
received significantly higher prices than in the Scent-absent condition (p < .05).

A similar trend was observed for WTP, where a significant interaction was found between Scent and Texture,
F(2,30) = 6.12, p = .006, 77 = 0.29. Post hoc tests indicated that when scent was absent, chocolates inside a
Raised Dots box elicited significantly higher WTP than those in a Smooth box (p < .05), while when Scent was
present, the Smooth texture received significantly higher WTP than in the Scent-absent condition (p < .05).
Additionally, an interaction between Scent and Unboxing was found, F(2,60) = 3.25,p = .04,7; = 0.10.
Simple main effects revealed that when Scent was present, WTP for Snail-Fold chocolate boxes was significantly
higher than the two other types of unboxing.

Moreover, a series of one-sample t-tests were conducted to compare participants’ price expectations and WTP
to the market price of the chocolate ($2.50). When scent was present, chocolates in Raised Dots and Embossed
boxes were generally undervalued: both price expectations and WTP were significantly lower than the market
price across most conditions. For the Smooth texture, price expectations were significantly higher for Lift-Off
and Snail-Fold boxes, but significantly lower for Slide-and-Tilt boxes. In the scent-absent condition, both price
expectations and WTP were significantly higher than the market price for Raised Dots boxes. For Embossed
boxes, price expectations were significantly higher only for the Purple Lift-Off box, while both Snail-Fold and
Slide-and-Tilt boxes in White elicited significantly lower price expectations and WTP. Lastly, for Smooth texture,
both price expectations and WTP were significantly lower than the market price across all conditions (Fig. 7).

Purchase intent & luxury perception

A reliability analysis was conducted to assess the internal consistency of the Purchase Intention scale. The analysis
yielded a high Cronbach’s alpha (o« = 0.96), indicating strong reliability. Participants who would like to try and
buy the chocolate would also recommend it to a friend or buy it as a gift. Consequently, a composite score for
Purchase Intention was computed by averaging responses across these items. The mixed ANOVA on Purchase
Intention revealed a significant effect of Scent, F'(1,30) = 10.51, p = .003, 77p = 0.26, with chocolates in the
Scent-present condition receiving higher purchase intention scores compared to the Scent-absent condition,
p < .05.

A mixed-design ANOVA was conducted to examine how Scent, Color, Unboxing, Texture, and semantic
descriptors of Luxury (Chic, Exclusive, Everyday, Average) influenced part1c1pants luxury ratings. The analysis
revealed a significant main effect of Scent, F(1, 30) = 11.69, p = .002, 77 = .28, and a significant main effect
of Luxury descriptor, F'(3,90) = 7.96,p < .001,72 = .21. Post hoc comparisons showed that chocolates were
rated as significantly (p < .05) more Chic than Everyday or Average. Furthermore, ratings for all descriptors
were significantly lower in the absence of scent than in its presence.

Emotional experience
A mixed-design ANOVA was conducted to investigate the influence of packaging features on emotional responses
usingthePrEmoscale. AsignificantmaineffectofEmotionwasobserved, F'(13, 390) = 22.91,p < 001 ns = .43.
Additionally, a significant Color x Texture interaction also emerged, (2, 30) = 3.98,p = .029, 72 = .21. To
further explore this interaction, simple main effects analyses were conducted. The effect of color was statistically
significant for the Embossed Pattern texture, F'(1, 30) = 5.08, p = .048 and approached significance for Raised
Dots texture, F'(1,30) = 4.06, p = .072. The spider charts shown in Fig. 8 illustrate that the average ratings
of Admiration, Joy, and Desire were significantly higher for the White color in the Embossed Pattern texture
condition, whereas Admiration, Joy, and Pride were significantly higher for the Purple color in the Raised Dots
texture condition.

Post hoc comparisons following the significant main effect of Emotion revealed that positive emotions such as
Admiration, Joy, Desire, Pride, Hope, Fascination, and Satisfaction were consistently rated higher than negative
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Fig. 8. PrEmo responses for the 14 emotions for each texture (Smooth, Raised Dots, and Embossed) per color
(White and Purple).

emotions, including Sadness, Fear, Anger, Shame, Boredom, Disgust, and Contempt (all p < .05). Among
positive emotions, Desire was rated significantly higher than Admiration (p = .007), and Hope was higher than
Joy (p = .012). No significant differences were found among the negative emotions themselves, suggesting that
they were perceived with similar intensity. Overall, emotional responses reflected a clear separation between
positive and negative affective states, with more intense reactions to positive emotions.

Post-study questionnaire

About 60% of participants expressed a general preference for stronger and more intense chocolate flavors,
while only 28% reported liking mild flavors; the remainder were neutral. Regarding the study environment, the
majority of participants described the setting positively, using terms such as relaxing, quiet, and calm. Several
participants reflected on the unexpected influence of multisensory cues on their taste perception and overall
experience. One participant observed, “This experiment is very interesting because the different packages allow
one to expect a type of taste..” Others emphasized how the Slide-and-Tilt interaction impacted their impressions:
“Favorite was the purple box with two horizontal sliding doors [...] made it feel like the chocolate was worth
more,” and “The slider one was really cool, beautiful packaging that I would like to gift someone.” Speaking about
the Embossed Pattern texture, one participant noted, “I really liked the packaging that had multiple folds, but
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that seems a bit too much for a single piece” Additional comments pointed to the addition of scent in the room:
“There was no internal wrapping of the chocolate, [so] the paper smell was very noticeable and maybe a little
distracting” Together, these reflections underscore how sensory and interactive attributes of packaging subtly
shaped participants’ expectations, flavor perception, and overall engagement with the product.

Discussion
This study investigated how multisensory packaging—manipulating color, texture, ambient scent, and unboxing
interaction—shapes consumer perception, emotion, and economic judgments for chocolate consumption.
The results indicate that packaging features operate jointly rather than in isolation, with unboxing mechanics,
surface micro-geometry, and olfactory context each contributing to how the product is appraised before and
during tasting.

Unboxing interaction significantly influenced both box attractiveness and participants’ subjective experience.
The Snail-Fold box was consistently rated more attractive than the Slide-and-Tilt box and was associated with
higher perceived price and willingness to pay, with differences on the Interaction Vocabulary scales (e.g., slow—
fast, stepwise-fluent, direct-mediated, apparent-covered) further showing that opening sequences were not
experienced as interchangeable but carried distinct meanings, consistent with prior work linking structural
transformations to perceived quality and satisfaction!®#4>, A plausible interpretation is that temporally
structured actions provide sequential evidence about care and luxury; in predictive processing terms®!!, such
sequences can sharpen expectations and reduce uncertainty during interaction.

Color and texture combinations also produced differential effects across affective and sensory evaluations.
Purple in conjunction with Raised Dots texture enhanced positive emotions (e.g., Admiration, Pride), while
White produced more favorable responses in the Embossed Pattern texture condition. These outcomes are
consistent with prior findings that higher brightness/saturation elevate arousal and perceived product size?*-¢
and that texture congruence can enhance taste and hedonic value?®*. They also align with crossmodal
correspondence accounts in which visual and haptic cues carry learned mappings to taste and quality
expectations®, complementing established color effects in consumer judgment.

A key interaction on box attractiveness—Color x Scent X Texture-suggests that the absence of color
(White) translated into appeal differently depending on surface micro-geometry and the presence of chocolate
odor. In particular, White-Smooth-with minimal visual/tactile stimulation-was penalized in the absence of
scent, but this penalty disappeared when the ambient chocolate odor was present. This pattern is consistent
with the idea that a congruent olfactory cue adds diagnostic information when unimodal evidence is weak,
thereby stabilizing appraisal; when texture already contributes salient information (Raised Dots, Embossed),
the incremental gain from scent is smaller. Such behavior aligns with principles of multisensory integration-
especially “inverse effectiveness,” whereby crossmodal benefits are larger when individual cues are less effective-
and with crossmodal correspondence accounts linking visual/tactile cues to taste and quality expectations®®.
Within predictive frameworks, convergent cues can increase the precision of priors and yield more confident
judgments®!!. Notably, the present design varied cues but did not isolate “congruence” as an independent factor,
so these mechanisms should be read as theory-consistent accounts of the observed interaction.

Scent altered texture and hedonic judgments in a direction consistent with “too much of a good thing”
It increased perceived flavor intensity across several combinations but simultaneously lowered smoothness,
overall liking, and willingness to taste another piece. Although scent can elevate arousal and engagement?®:43,
it may also increase sensory stimulation to a level that becomes less pleasant—an effect consistent with the
concept of hedonic overload. In our setting, the ambient chocolate odor likely amplified arousal and salience
(raising intensity) while pushing the experience past the hedonic optimum (reducing smoothness and liking).
This interpretation aligns with the inverted-U relationship between odor intensity and pleasantness 2. A
complementary possibility is “expectation-outcome mismatch”: a salient chocolate odor may set priors for a
sweeter/creamier profile; if the tasted product does not fully match—due to the presence of scent, prediction
error can depress hedonic appraisals. Notably, even as immediate liking fell, scent increased luxury ratings and
purchase intention, suggesting that olfactory cues can signal premiumness independently of hedonic comfort.
Future work should time-lock and control odor delivery to locate the pleasantness optimum and distinguish
overload from mismatch mechanisms.

Flavor results (e.g., caramel, sweetness) shifted with the Scent x Texture context: “caramel” and “sweetness”
were endorsed more often in Scent-absent/Raised Dots and less often in Scent-present/Smooth. Perceived flavor
arises from integrated gustatory, olfactory (orthonasal and retronasal), and oral-somatosensory inputs'>~17.
Two mechanisms are plausible. First, tactile-taste correspondences can bias expectation: pronounced micro-
geometry (Raised Dots) may signal a richer, “indulgent” profile, increasing the likelihood of endorsing caramel/
sweet notes when a strong orthonasal cue is absent. Second, mixture suppression and attentional capture can
shift labels when a salient ambient chocolate odor is present—participants may focus on the generic “chocolate”
category or experience reduced salience of secondary notes (e.g., caramel).

Texture effects were robust across multiple outcomes. Raised Dots yielded higher WTP and price expectations
(especially without scent) and were associated with lexicon terms such as “Guilty” (suggestive of indulgence),
whereas Embossed Pattern textures attracted higher excessiveness ratings and “Bored” in the lexicon—consistent
with the risk of overpackaging. These findings align with research showing that haptic qualities such as roughness/
weight modulate naturalness, intensity, luxury, and willingness to pay, especially when package-product cues are
perceived as congruent?®33:36:38:39 The economic valuation results, however, should be interpreted with caution.
Because the same chocolate was presented across all conditions, differences in price expectations and WTP
reflect inferences and anchoring on packaging cues rather than changes in intrinsic product value. As such,
these findings represent cue-driven shifts under controlled conditions rather than revealed consumer demand.
Future research should use incentive-compatible methods (e.g., BDM auctions, second-price sealed bids)*” and
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incorporate brand cues and real purchase contexts to test how packaging effects on valuation generalize beyond
the lab!21346,

Interaction effects underscore that attributes should be considered in combination. For instance, White Slide-
and-Tilt with Smooth yielded the lowest taste persistence, as did the Embossed Pattern texture when scent was
absent—consistent with the idea that under-specified or mismatched cue sets can dampen sensory enjoyment
and perceived fit*. Although the present design varied multiple cues rather than orthogonally manipulating
“congruence;” several patterns were coherent with multisensory integration principles (e.g., larger crossmodal
benefits when unimodal evidence is weak) and with the proposal that convergent cues increase the precision of
perceptual predictions™®%11,

Emotional responses validated that multisensory design elevates affective engagement, with positive emotions
rated significantly higher than negative ones. The specific patterns observed—such as increased Joy and Desire in
White-Embossed Pattern conditions or Pride in Purple-Raised Dots conditions—mirror prior findings linking
color-brightness and tactile complexity to enhanced consumer experience?**2. At the same time, the absence
of strong single-word associations for scent and color in the CATA,—despite an overall association for scent-
indicates that their emotional influence was subtle and diffuse rather than concentrated on specific descriptors.
This suggests that scent and color in this context may modulate background affective tone (valence, arousal,
luxury perception) rather than triggering discrete emotion labels. It also reflects the known sensitivity limits
of the CATA when descriptors overlap semantically and sample sizes are modest. Future studies could employ
larger samples, streamlined lexicons aligned with dimensional affect models, or continuous ratings to capture
these more distributed influences.

Nonetheless, several limitations must be acknowledged. The participant sample consisted primarily of
university students, limiting the generalizability of the findings. Given that sensory perception and design
preferences are shaped by cultural background, age, and socioeconomic status®®->°, future research could
replicate the study using more diverse and stratified samples to strengthen external validity. Furthermore,
while ambient scent delivery was effective in generating a consistent olfactory context, it lacks the temporal
and spatial specificity of real-world unboxing—for example, when scent is released precisely at the moment of
opening. Controlled delivery mechanisms such as embedded scent strips or burst-release technologies would
provide more ecologically valid insights into olfactory contributions to product evaluation®*!. In addition, most
outcomes relied on self-report instruments, which are susceptible to demand characteristics, anchoring on salient
cues, and scale-use idiosyncrasies; complementary behavioral endpoints (e.g., choice persistence, revealed-
preference auctions, and consumption) and implicit/forced-choice measures would help triangulate effects.
Finally, the study did not include neurophysiological or attentional indices; incorporating eye tracking (gaze
allocation, pupillometry) or EEG/fNIRS*>%* could complement subjective evaluations by revealing moment-to-
moment engagement with packaging elements. In particular, the role of scent—enhancing luxury perception
but reducing liking-may reflect sensory overload or attentional competition (e.g., expectation mismatch versus
intensity-driven hedonic change), phenomena best explored through these real-time measurements that can
deepen our understanding of how multisensory packaging shapes not only perception and affect but also long-
term consumer behavior.

In sum, the data show that (i) unboxing mechanics shape appraisal and the felt dynamics of interaction,
(ii) color-texture-scent combinations can shift attractiveness and perceived coherence in patterns consistent
with multisensory integration and crossmodal correspondence accounts, and (iii) tactile and olfactory cues bias
flavor labelling, intensity, and hedonic judgments as anticipated by multisensory flavor science!®~17:2326:2839,
Future studies should also examine how the mechanical dynamics of unboxing interactions influence memory,
product trust, and post-purchase behaviors over time. For example, longitudinal design approaches could be
put in place to assess whether engaging interactions like the Snail-Fold foster greater brand loyalty or enhance
unboxing satisfaction with repeated exposure. Additional paradigms should be designed to locate pleasantness
optima, test inverse effectiveness predictions, and manipulate match/mismatch cues. While this study explored
three types of box openings, future work could vary interaction complexity or resistance to investigate how

physical effort and mechanical feedback govern anticipation and perceived quality**>4.

Methods

Participants

Thirty-six participants (22 females, 13 males, 1 non-binary), aged 18 to 39 (M = 25.56, SD = 5.94), were recruited
from Bentley University and were screened for any food or fragrance allergies. All participants provided informed
consent before taking part in the experiment and received compensation for their participation. The study was
approved by the Bentley University Institutional Review Board (IRB) and was performed in accordance with
relevant guidelines and regulations. A post hoc power analysis using G*Power software version 3.1.9.6%, showed
that the current sample size (n = 36) had an 84.5% power to detect a small effect size (f = 0.28) in a within-
between repeated-measures ANOVA test (alpha = 0.05, number of groups = 6, number of measures = 6).

Apparatus and stimuli

The paperboard boxes were crafted and designed to incorporate three key sensory attributes: color, texture,
and unboxing interaction. Specifically, the design varied across two colors (White and Purple), three textures
(Smooth, Raised Dots, and Embossed Pattern), and three types of unboxing interactions (Lift-Off, Snail-Fold,
and Slide-and-Tilt), resulting in a total of 18 distinct package variations (see Fig. 9 and Table 3). All boxes in
the Raised Dots and Embossed Pattern conditions were fabricated from identical pre-embossed sheet stock
purchased as uniform sheets from a craft retailer. Boxes in the Smooth condition were constructed from
untextured stock. All sessions were conducted in the same room under identical ambient lighting to minimize
illumination-related variation across trials.
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Fig. 9. The 18 boxes used in this experiment: (Left picture) Top to Down: Snail-Fold, Lift-Off, and Slide-and-
Tilt; left to right (White and Purple): Smooth, Raised Dots, and Embossed Pattern. (Right picture) The three
boxes in the opened position.

Modality | Condition Description

Texture Smooth A uniform, flat surface with no tactile variation.

Texture Raised Dots A pattern of small raised bumps.

Texture Embossed Pattern | A detailed gold and elephant relief design.

Unboxing | Lift-Off A standard box with a removable lid.

Unboxing | Snail-Fold A cube-shaped box with interlocking panels that unfold in a spiral motion.

Unboxing | Slide-and-Tilt A dynamic box where the top panels slide outward on both sides, then tilt downward to form support legs, resembling a small table.

Table 3. Detailed description of the texture and unboxing conditions.

Each box contained a single piece of Compartés sea salt caramel dark chocolate (unit market price $2.50-$2.80
at the time of data collection; see Fig. 9). To manipulate olfaction, a chocolate aroma was introduced into the
experimental room using Demeter ‘Dark Chocolate’ cologne: four atomized sprays were released approximately
five minutes before the participant’s arrival. No scent was applied directly to the boxes or chocolates; the
manipulation was limited to the ambient environment to avoid contaminating the sample and to provide a
consistent, low-level aroma during unboxing. Ambient-scent protocols of this kind have been previously used in
crossmodal olfaction research®®>7.

Questionnaires
To assess how package attributes (Color, Texture, and Scent) and the unboxing interaction influenced
participants’ perception of the chocolate, multiple questionnaires were administered: post-task questionnaires
to capture participants’ immediate impressions after each trial, and a post-study questionnaire to collect broader
data on personal preferences, environmental awareness and individual differences.

Eight post-task questionnaires targeted a specific aspect of the participants experience with both the box
and the chocolate. A detailed description of all questionnaires, including all response options, is provided in the
supplemental materials.

o Box Attractiveness: was measured using three seven-point semantic differential scales: “not attractive/attrac-
tive,” “not beautiful/beautiful,” and “not desirable/desirable”3>3°.

o Unboxing Interaction: was evaluated using the Interaction Vocabulary Scale which consists of eleven pairs:
slow-fast, stepwise-fluent, instant-delayed, uniform-diverging, constant-inconstant, mediated-direct, spatial
separation-spatial proximity, approximate-precise, gentle-powerful, incidental-targeted, and apparent-cov-
ered®®>.

« Sensory Evaluation: was assessed using a multidimensional questionnaire®, designed to capture participants’
sensory impressions of the chocolate. The questionnaire included nine items evaluating flavor perception,
taste intensity, texture attributes (hardness and smoothness), overall liking, taste persistence, and willingness
to taste again. Responses were collected using categorical, ordinal, and hedonic rating scales. The ninth item
consisted of an emotion lexicon to describe chocolate using the Check-All-That-Apply (CATA) methodology.

o Product-Box Congruency: was evaluated using six statements on matching, ordinariness, perfection, exces-
siveness, unity, and fit, rated on a seven-point scale (1 = strongly disagree, 7 = strongly agree)?.

o Price Expectation and WTP: was measured by asking participants to estimate the market price of the chocolate
and specify how much they would personally be willing to pay*.

o Luxury Perception & Purchase Intent: Luxury was rated using 4 items (everyday, average, chic, and exclusive),
while purchase intent was rated using 5 items (trying, buying, recommending, repurchasing, and gifting),
both on five-point Likert scale (1 = strongly disagree, 5 = strongly agree)?3:61.
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« Emotional Experience: was assessed using the Product Emotion Measurement Instrument (PrEmo)®?, a tool
that includes 14 cartoon characters (seven positive and seven negative) depicting various emotions.

The post-study questionnaire collected data on individual chocolate preferences and eating habits to account
for variations in taste perception. Additionally, a scent awareness question was included to determine whether
participants noticed the presence of the chocolate scent in the experimental space.

Procedure

Participants were divided into six experimental groups based on two primary factors: scent condition (Scent-
present, Scent-absent) and box texture (Smooth, Raised Dots, Embossed Pattern). Each group consisted of six
participants, and all participants completed six trials, experiencing both box colors (White and Purple) and all
three unboxing interactions (Lift-Off, Snail-Fold, Slide-and-Tilt). To minimize sequence effects, the order of
box presentations (2 Colors x 3 Unboxing interactions) was counterbalanced across participants within each
texture-scent group. Thus, all participants experienced the six box variations, but the presentation order was
systematically rotated to control for order effects.

For groups assigned to the Scent-present condition, the experimental space was prepared by spraying the
chocolate-scented cologne four times, five minutes before the participant’s arrival. This ensured even scent
diffusion and maintained a consistent olfactory experience throughout the session. Based on pretesting, the
scent remained perceptible without wearing off for at least 30 minutes and only began to noticeably diminish
after approximately one hour, allowing sufficient time between participants. Participants in the Scent-absent
condition completed the experiment in an identical setup without any added fragrance. To avoid any potential
olfactory spillover, all Scent-present and Scent-absent sessions were conducted on separate days, with at least
one full day in between conditions.

Upon arrival, participants were given hand sanitizer before starting the experiment and interacting with
the boxes. During each trial, participants were instructed to observe, touch, and open the box at their own
pace before tasting the chocolate inside. To prevent preconceived assumptions, participants were informed that,
although the chocolates appeared identical, they might or might not vary in taste across trials. After consuming
the chocolate, participants were instructed to drink water to cleanse their palates and complete the post-task
questionnaire before moving to the next trial. The average 3-5 minute duration of the post-task questionnaire
provided a natural recovery interval before the next tasting and minimized the likelihood of adaptation effects.
Upon completing all six trials, participants filled out the post-study questionnaire and were invited to provide
any additional comments on their experience.

Data availability
The datasets generated during and analyzed during the current study are available from the corresponding au-
thor on reasonable request.
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