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Abstract. Indonesia was the fourth-largest cocoa producer in 2023. However,
locally produced specialty chocolate bars have not been able to compete opti-
mally with imported products. One main contributing factor is the lack of appeal-
ing and consumer-preferred packaging design. A packaging development ap-
proach based on Kansei Engineering (KE) is considered appropriate, as it enables
the identification of consumers' emotional responses to create products aligned
with their preferences. The packaging design concept plays a crucial role in the
development process. Therefore, this study aims to determine the most optimal
packaging design concept using the K-Means method. The Term Frequency—In-
verse Document Frequency (TF-IDF) technique was employed to extract con-
sumer emotional responses (Kansei words), while K-Means, K-Medoids, and K-
Means Genetic Algorithm methods were applied to cluster the packaging design
concepts. The TF-IDF results showed that the Kansei term “chocolate design”
had the highest weight (0.5334). All three clustering methods produced three
clusters; however, the K-Means Genetic Algorithm demonstrated the best perfor-
mance, achieving the silhouette score (0.5264), Davies-Bouldin Index of
(0.3844), and a Calinski-Harabasz Index of (23.726). Based on the K-Means Ge-
netic Algorithm clustering, the selected design concept is "Usable." This concept
will serve as a reference in determining the packaging design elements.

Keywords: Clustering, Kansei Engineering, K-Means GA, Design Concept,
TFIDF.

1 Introduction

Cocoa is a key agricultural commodity in Indonesia's plantation sector and contributes
substantially to the national economy. According to the International Cocoa Organiza-
tion (2023), Indonesia is the fourth-largest cocoa producer in the world. Among various
cocoa-based products, chocolate bars are especially favoured due to their practicality
and ease of consumption (1). Based on observations, there are 31 chocolate bar brands
available on the market, consisting of approximately 35 % specialty products and 65 %
imported products. This is notable considering that Indonesia has several local choco-
late bar producers, such as those from Aceh, Bali, and Lampung (2). However, current
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specialty chocolate bar products still face challenges in presenting designs that align
with consumer preferences. Therefore, an innovative approach to packaging design is
essential to enhance the competitiveness of local chocolate bar products against im-
ported brands that currently dominate the market.

Packaging not only serves as a means of protecting the product but also plays a cru-
cial role in attracting consumer attention (3). Attractive and informative design can en-
hance perceived product quality and stimulate consumer purchasing behaviour (4). Ac-
cording to (5), designing packaging based on consumer preferences in determining the
concept can support product innovation and competitiveness. The packaging design
concept plays a crucial role as a guideline for designers in developing packaging that
aligns with consumers’ emotional preferences (6). Packaging design concepts are ca-
pable of representing a product's image by consumer preferences (6). This presents a
challenge in determining the most appropriate concept based on consumer emotions.

Kansei Engineering is a consumer emotionbased design methodology aimed at un-
derstanding consumers’ feelings and preferences toward a product (7). According to
Johan et al. (8), emotional responses expressed through words (Kansei words) are used
as parameters in product development.

Previous studies have stated that consumer emotions (Kansei words) are identified
and translated into packaging design concepts, which are then further developed into
specific design element specifications (9). Kansei Engineering is capable of uncovering
the 'true meaning' within the context of international airport service design (10). Simi-
larly (11), employed the Kansei Engineering method to develop packaging concepts
such as "Attractive," "Informative," and “Eco-Friendly” for fried banana products.
Meanwhile (12), applied the Kansei Engineering approach in determining the packag-
ing design concept for rendang products by considering consumer emotions and cul-
tural factors from two countries, namely Indonesia and Saudi Arabia. This study re-
sulted in the idea of “Practical-Luxury,” derived from the emotional responses elicited,
aligned with the identified problems, and target market segments. Accordingly, Kansei
Engineering has proven to be an effective strategic method in the development of pack-
aging designs that are adaptive to consumers’ emotional aspects.

The Term Frequency-Inverse Document Frequency (TF-IDF) method is employed
in the initial stage to extract Kansei words that reflect consumer emotions. This method
is used to assign weights to each word, serving as features in text analysis (13). The
results of this extraction serve as the foundation for formulating a design concept that
aligns with consumer preferences. Research by (14), demonstrated the capability of the
TF-IDF method to extract Kansei words simply and efficiently, without the need for
training data, while producing reliable and easily interpretable results in document pro-
cessing. Similarly, (15) showed that the TF-IDF method can effectively extract Kansei
words in a language-independent manner, achieving an accuracy rate of 91.3 % without
requiring any training data.

According to (9), several clustering methods can be utilized to determine packaging
design concepts based on Kansei words, such as Principal Component Analysis, Factor
Analysis, and K-Means Clustering. (16), state that the K-Means method is widely used
due to its ease of implementation, computational efficiency, and flexibility across var-
ious applications. This makes K-Means the first choice for large-scale data analysis.
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According to (16), the clustering method using K-means consists of several variants,
including K-Medoids, Fuzzy C-Means, X-Means, and K-Means++. Each Kmeans
method has different capabilities. In this study, clustering of packaging design concepts
is performed by applying K-means, K-Medoids, and K-means optimization with Ge-
netic Algorithm (GA). According to (17), the K-Medoids method is a clustering algo-
rithm similar to K-Means but is more resistant to outliers and noise, making it suitable
for data with irregular structures. On the other hand, K-Means optimized with Genetic
Algorithms (GA) effectively addresses the issue of empty clusters commonly encoun-
tered in standard KMeans, while also producing more stable and accurate cluster for-
mations (18).

The aim of this research is to determine the most optimal packaging design concept
using the Kmeans method. The method with the highest accuracy will be used as the
basis for selecting the packaging concept for specialty chocolate bars. The resulting
concept is expected to effectively represent consumer emotions and preferences,
thereby enhancing the product's appeal and market value.

2 Methods

The stages of this research are shown in Fig. 1 below:

- - Packaging
Collecting the packaging samples }—7 Sam;le ;

Collecting the Kansei words I

v

Identifying and selecting of Kansei
Words by TF-IDF Method

g Evaluating of Kansei Words by
Kanseiwords Tl . %
Semantic Diff erential questioner

4
Validity and Reliability Testing |

|

Collecting the data

No

Y

Concept Analysis Using
Clustering Methods

Valid &
Reliable

No
[ oo

Fig. 1. Flowchart Research




Determining Packaging Design Concepts Using K-Means Cluster ... 289

2.1  Collecting the Packaging Samples

The packaging samples were collected from both the market and the internet to provide
an overview of packaging design concepts. A minimum of 20-25 samples were col-
lected (19). The selection of samples was based on the Segmenting, Targeting, and
Positioning (STP) approach to ensure relevance and accuracy in targeting. The obtained
samples will undergo a selection process based on the identification of design elements
and significant differences between the samples (20).

2.2 Collecting the Kansei Word

Kansei words were collected through a Google Form questionnaire distributed to 30
loyal respondents, using direct product packaging samples as stimuli. This direct inter-
action allowed respondents to thoroughly evaluate the packaging and provide relevant
emotional feedback. This approach aligns with the principles of Kansei Engineering,
which emphasize the importance of emotional aspects in user experience (21).

2.3 Identifying Kansei Word by TF-IDF

The Kansei words obtained from the questionnaires were processed using the Term
Frequency-Inverse Document Frequency (TF-IDF) method through Jupyter Notebook.
The elimination of Kansei words was carried out by evaluating their importance based
on the frequency of their occurrence across various questionnaires (22). Word with the
highest frequency is obtained based on emotional consumers.

2.4  Evaluating of Kansei Word

The evaluation of Kansei words was conducted using a Semantic Differential question-
naire to understand respondents’ perceptions of the packaging samples. The Semantic
Differential method utilizes pairs of positive-negative antonyms on a seven-point scale
ranging from -3 to 3. This questionnaire measures the correlation between the packag-
ing samples and the selected Kansei words (23). A score of 3 indicates that the packag-
ing sample strongly aligns with the corresponding Kansei word, whereas a score of -3
reflects the opposite. A previous study conducted by Kittidecha et al. (24), evaluated
Kansei words in relation to various types of food wrapping materials using the Semantic
Differential method on a seven-point scale, ranging from +3, indicating the highest
level of congruence, to —3, indicating the lowest. The evaluation involved 30 respond-
ents, referring to the approach used in previous research (25)(12). Respondent con-
sistency was emphasized to ensure more accurate and targeted results.

2.5  Validity and Reliability Test

Validity and reliability testing were conducted to ensure that the Kansei words obtained
through the questionnaire possess high levels of validity and reliability. Reliability was
assessed by calculating the
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Cronbach’s Alpha coefficient, which is expected to exceed 0.60 to ensure data con-
sistency and dependability (26). Thus, the implementation of validity and reliability
testing guarantees that the validity and reliability testing guarantees that the collected
data accurately represents consumer preferences, providing a strong foundation for de-
veloping products that align with market needs.

2.6  Determining Clusters of Kansei Words

The clustering process was carried out using data obtained from a Semantic Differential
questionnaire, which had been tested for both validity and reliability. This study em-
ployed two types of clustering methods, namely:

a. K-Medoids

The K-Medoids method is employed to cluster data based on specific character-
istics, making it applicable in Kansei word analysis to identify design clusters
that align with user preferences. K-Medoids is used to overcome the limitations
of the K-Means method, which is sensitive to data outliers (27).
b. K-Means

Optimize Genetic Algorithm The design concept is formulated through the in-
tegration of the K-Means clustering method and a Genetic Algorithm. The in-
corporation of the Genetic Algorithm into the K-Means process serves to opti-
mize centroid positioning and enhance the overall quality of the clustering re-
sults (28). The GA process involves three main stages: selection, crossover, and
mutation, which are applied to generate more optimal centroid candidates. Se-
lection is performed to choose the best individuals based on their fitness values,
ensuring that high-performing solutions are prioritized for reproduction; this
method has been shown to effectively maintain population quality and prevent
performance degradation over successive iterations (29). Crossover combines
two parent individuals to produce new solutions, allowing for broader explora-
tion of the solution space and increasing the likelihood of finding better cen-
troids (30). Meanwhile, mutation introduces small random changes to individu-
als in order to preserve diversity and prevent premature convergence, as demon-
strated in studies on adaptive mutation in GA-K-Means for unsupervised fea-
ture selection (31).

The conceptual results of these two methods will be compared with the clustering
results obtained using the K-means clustering method. The determination of cluster
concepts is carried out through discussions with experts. According to (32), concept
determination involves a minimum of four experts in the field of design.

3 Results

3.1 Collection of Packaging Samples

A total of 48 specialty chocolate bar packaging samples, each with distinct shapes and
designs, were collected from various sources including Pinterest, Instagram, online



Determining Packaging Design Concepts Using K-Means Cluster ... 291

marketplaces, supermarkets, and offline chocolate product exhibitions. This number
exceeds the minimum sample size recommended by Nagamachi, which ranges from 20
to 25 samples (23). The packaging samples are presented in Fig. 2.

&<
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Fig. 2. Packaging Sample

3.2 Collecting the Kansei Word

The process of collecting Kansei words aims to generate packaging designs that reflect
consumers' perceptions and preferences toward a product. According to Nagamachi &
Lockman, the number of collected Kansei words typically ranges from 50 to 100 words
(33). Words with similar meanings are then eliminated to identify those that represent
the same concept. A study by (34), involved 30 experienced respondents regarding the
product in question to collect Kansei words. Stimulating consumers is essential to gain
a deeper understanding of their emotions. According to (32), research explored con-
sumer emotions by providing direct experiences, such as drinking tea and using cups,
to the respondents. In this study, the selected participants were sweet food enthusiasts
or frequent chocolate bar consumers residing in the JABODETABEK area.
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3.3 Kansei Word Extraction with TF-IDF

The Kansei words were obtained through a questionnaire-based interview conducted
via Google Forms. In the selection stage using the TF-IDF method, an initial pre-pro-
cessing phase was carried out to enhance data quality prior to further analysis. This
stage aimed to filter, clean, and optimize the word structure to produce more accurate
and relevant analytical results (35). The pre-processing was performed using Python in
Jupyter Notebook and involved several steps, including case folding, tokenizing, filter-
ing, dan stemming.
a. Case Folding
Case folding is a text pre-processing step aimed at standardizing the writing
format by converting all characters to lowercase (36). The results of this pre-
processing step are presented in Table 1.

Table 1. Case Folding Process.

Input Output
Not too sweet, Characteristic aroma of not too sweet, the distinctive aroma of choco-
chocolate is more emphasized, Easy to late is emphasized, the texture is easy to bite,
bite texture, looks like chocolate in the appearance is like chocolate in general,
general, Simple shape and easy to use the shape is simple and easy to use,
b. Tokenizing
The data for the tokenization process is obtained from the case folding results,
where the text has been converted to lowercase. Tokenization is the process of
breaking down the text into smaller units, such as words or phrases, known as
tokens. The results of the tokenization are presented in Table 2.

Table 2. Tokenizing Process.

Input Output

not too sweet, the distinctive aroma of [‘not’,  ‘too’, ‘sweet’, ‘aroma’, ‘typi-
chocolate is emphasized, the texture is cal’, ‘chocolate’, ‘more’, ‘highlighted’,
easy to bite, the appearance is like ‘texture’, ‘easy’, ‘bite’, ‘look’, ‘like’,

chocolate in general, the shape is sim- ‘chocolate’, ‘on’, ‘generally’, ‘shape’,
ple and easy to use, ‘simple’, ‘and’, ‘easy’, ‘use’]

c. Filtering
Filtering is a text processing technique aimed at removing irrelevant elements,
including stop words, to enhance the quality of analysis and accuracy in appli-
cations such as text classification (37). The results of the tokenization process,
which are translated into consumer expectations regarding specialty chocolate
bar packaging, are presented in Table 3.
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Table 3. Filtering Process.

Input Output

[‘not’, ‘too’, ‘sweet’, ‘aroma’, ‘typi- [‘sweet’, ‘aroma of chocolate’, ‘tex-
cal’, ‘chocolate’, ‘more’, ‘highlighted’, ture easy to bite’, ‘appearance of
‘texture’, ‘easy’, ‘bite’, ‘look’, ‘like’, chocolate’, ‘simple’,

‘chocolate’, ‘on’, ‘generally’, ‘shape’, ‘simple’]

simple’, ‘and’, ‘easy’, ‘use’]

d. Stemming
Stemming is the process of transforming a word into its root form by removing
prefixes or suffixes, with the aim of simplifying the variations of a word so that
they are recognized as the same word. The results of the stemming process are
presented in Table 4.

Table 4. Stemming Process.

Input Output

[‘sweet’, ‘distinctive of chocolate’, [‘sweet’, ‘distinctive aroma of choc-
‘texture easy to bite’, ‘appearance of olate’, ‘biteable texture’, ‘brown ap-
chocolate’, ‘simple’, ‘simple’] pearance’, ‘simple’, ‘simple’]

After the pre-processing stage, the Kansei words derived from consumers' emotional
responses to the specialty chocolate bar packaging were collected, resulting in 22 terms,
as shown in Table 5. The most frequently occurring Kansei words were “Chocolate
Design”, “Informative”, “Eye Catching”, “Usable”, “Easy to store”, and “Colourful”.
Respondents expressed a preference for packaging with a “Chocolate Design” style,
which allows them to see the shape of the chocolate inside before purchasing, serving
as an important consideration in their buying decision. The term “Informative' reflects
consumers” desire for information about the chocolate’s origin, to explore the diverse
flavours of Indonesian chocolate. The phrase “Eye Catching” represents consumers
preference for packaging with a balanced composition of colour, typography, and illus-
trations that can attract their attention. “Usable” refers to consumers need for packaging
that is easy to open and can be resealed to maintain the product's quality after opening.
Meanwhile, “Easy to store” indicates a preference for practical and portable packaging.
Lastly, “Colourful” describes a preference for bright colours on the chocolate bar pack-
aging, as chocolate is a food that can enhance mood.
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3.4 Kansei Word of Evaluation with Sample

The evaluation of the Kansei word is conducted by constructing a questionnaire. The
Kansei word is placed on the right side of the scale, while its negation is placed on the
left. Respondents are asked to express their opinions using the scale, ranging from
“strongly agree” to “strongly disagree” (21). Below is an example of the Semantic Dif-
ferential questionnaire, in Fig. 3.

-3 -2 2 3
Antonim Kata Kansei Sangat Setuju Setuju Sangat Kata Kansei
Setuju Setuju
Un-informative O O O O Informative
Not Eye-catching O O O O Eyecatching
Un-Useable () O O O Useable
Non-Warm color () O O (] Warm color
Non-Modern Desain O () O O Modemn Desain

Non-Chocolate Desain O O O O Chocolate Desain

Fig. 3. Semantic Differential Questionnaire.

A total of 22 Kansei words were used to evaluate 48 packaging samples, as shown
in Table 1, in order to assess consumers' emotional perceptions. This evaluation process
was conducted by 30 loyal specialty chocolate respondents. The collected data were
then analysed using validity and reliability tests to ensure the consistency and accuracy
of the measurement results.

3.5 Validity and Reliability Test

The relationship between Kansei words and packaging design was evaluated for valid-
ity using IBM SPSS software. In the initial stage, validity testing was conducted on 22
Kansei words with a significance level of 5 % and degrees of freedom (df = N). The
criteria for valid data were determined based on the calculated R value being greater
than the table R value (38). The results of the initial validity test are presented in Table
5 below.

Based on the validity test results presented in Table 5, 11 Kansei Words were found
to be invalid as their calculated R values were lower than the table R value. Among the
11 eliminated Kansei Words, two words with the highest weights, “Chocolate Design”
and “Informative”, were also deemed invalid based on the validity test results. This
occurred because the results of the first semantic differential questionnaire indicated
that respondents tended to assign more negative values than positive ones when evalu-
ating the words "Chocolate Design" and "Informative" in relation to the packaging
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samples. As a result, the validity test for these two words yielded invalid outcomes. The
assessment results for "Chocolate Design" and "Informative" in the first semantic dif-

ferential questionnaire are presented in Table 6.

The results of the second validity test are consistent with the first stage, where 11
out of 22 Kansei Words were deemed valid. Accordingly, the 11 validated Kansei
words presented in Table 7 were utilized to define the design concept through the clus-
tering method.

Table 5. Results of the First Validity Test

No Kansei Words TF-IDF Weight Correlation
Weight Table R Calculated R Description

1. Chocolate Desain 0.5334 0.374 -0.144 Invalid
2. Informative 0.3754 0.374 0.354 Invalid
3. Eye-catching 0.3359 0.374 0.700 Valid
4. Useable 0.2371 0.374 0.522 Valid
5. Easy to Store 0.2173 0.374 0.468 Valid
6.  Colorful 0.1976 0.374 0.381 Valid
7.  Safety 0.1778 0.374 0.537 Valid
8. Bright Color 0.1778 0.374 0.136 Invalid
9.  Simple 0.1185 0.374 -0.129 Invalid
10.  Sturdy Packaging 0.1185 0.374 0.566 Valid
11. Easy to Open 0.0790 0.374 0.281 Invalid
12.  Premium 0.0790 0.374 0.693 Valid
13. Elegant 0.0593 0.374 0.638 Valid
14.  Exclusive 0.0593 0.374 0.772 Valid
15.  Dark Color 0.0593 0.374 -0.018 Invalid
16. Easy to carry 0.0198 0.374 0.106 Invalid
17.  Practical 0.0198 0.374 0.234 Invalid
18.  Unique 0.0198 0.374 0.653 Valid
19. Eco-Friendly Material 0.0198 0.374 0.338 Invalid
20. Soft Color 0.0198 0.374 0.208 Invalid
21.  Warm Color 0.0198 0.374 0.110 Invalid
22.  Modern Design 0.0198 0.374 0.694 Valid
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Table 6. Results Semantic Differential 1 “Chocolate Design” and “Informative”

Antonim Responden Total Total Kata
KataKansei 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 (+) ()  Kansi
Undnforma- 1 -3 3 -1 2 3 1 -1 1 -1 -1 2 2 2 3 -1 1 2 -1 -1 -1 1 -1 22 1 -1 3 -3 -1 -1 04 -0.5 Informative

tive
Non-Choco- -1 -3 1 -3 23 -2 - -2 -1 -3 0 2 -3 -3 -2 -3 1 2 0 -2 -1 1 22 -3 1 -3 -3 -1 027 -087 Chocolate Design
late Design

Table 7. Results of Second Validity Test

No Kansei Words Correlation
Table R Calculated R Description

1 Eye-Catching 0.374 0.715 Valid
2 Useable 0.374 0.453 Valid
3 Easy to store 0.374 0.383 Valid
4 Safety 0.374 0.516 Valid
5 Sturdy Packaging 0.374 0.609 Valid
6 Premium 0.374 0.788 Valid
7 Elegant 0.374 0.743 Valid
8 Exclusive 0.374 0.868 Valid
9 Unique 0.374 0.754 Valid
10 Colourful 0.374 0.401 Valid
11 Modern Design 0.374 0.791 Valid

3.6  Determining Clusters of Kansei Words

The clustering analysis was conducted using the K-Medoids. K-Means. and K-Means
GA methods with Python programming. The input data consists of validated Kansei
words. Fig. 4 shows the clustering results obtained using all three clustering methods.

Based on Fig. 4. it is observed that all three clustering methods yield the same num-
ber of clusters. namely three clusters. In Fig. 4 (b). it is evident that the position of the
centroids (denoted by stars) shows better alignment compared to the K-Medoids and
K-Means methods. This indicates that the GA approach provides a more balanced dis-
tribution among the clusters. The polygon shape of the cluster distribution using the
GA-optimized K-Means method demonstrates a compact coverage with minimal devi-
ation. suggesting a high-quality separation. According to (39). the K-Means method
with GA optimization shows a significant advantage in determining more stable and
optimal centroids.

In contrast. the clustering results using the K-Medoids method in Fig. 4 (a) show that
the centroids (denoted by stars) tend to be located closer to the data points. resulting in
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denser clusters. The K-Medoids method demonstrates resilience to outliers or extreme
values present in the data (40).

Fig. 4 (c) illustrates the clustering results using the K-Means method. which shows
a more widely dispersed polygon. This indicates that the K-Means method is sensitive
to data distribution and extreme values (outliers) (25). As a result. the clustering out-
comes and data points are suboptimal (39). The words generated from each cluster are
presented in Table 8.

As shown in Table 8. most of the clusters produced by the three clustering methods
contain similar sets of words. However. in the K-Means method. the word “Unique” is
placed in a different cluster from “Eye-catching”. “Useable”. “Easy to store”. “Safety”.
and “Modern”. In contrast. in the K-Medoids and K-Means GA methods. “Unique” is
grouped in the same cluster with those five words.

K-Means GA Cluster Chocolate Specialty Packaging with Polygons (k=3)

K-Medoids Clustering with Labels and Convex Hulls (k=3)

PCA Component 2

4 100 73 ™ ocacomponent1
@ (b)

Cluster Scatter Plot with Colored Labels and Polygons

PCA Component 2

Fig. 4. Cluster Results: (a) K-Medoids. (b) GA optimized K-Means. (c) K-Means
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Table 8. Results of Kansei Words Distributin of Each Cluster from Three Methods: (a) K-Me-
doids. (b) GA optimized K-Means. (c) K-Means

K-Medoids
Cluster 1 Cluster 2 Cluster 3
Colorful Eye Catching Sturdy Packaging
Useable Premium
Easy to Store Elegant
Safety Exclusive
Unique
(a)
K-Means GA
Cluster 1 Cluster 2 Cluster 3
Eye Catching Colorful Sturdy Packaging
Useable Premium
Easy to Store Elegant
Safety Exclusive
Unique
(b)
K-Means GA
Cluster 1 Cluster 2 Cluster 3
Sturdy Packaging Colorful Eye Catching
Premium Useable
Elegant Easy to Store
Exclusive Safety
Unique Modern Design
(©

Based on the Silhouette Coefficient values obtained from each clustering method. it
is evident that the K-Means GA method produces the highest Silhouette value (0.526)
compared to the K-Medoids (0.391) and K-Means (0.259) methods. These results are
shown in Fig. 5. According to (41). the application of optimization algorithms. such as
Genetic Algorithms. results in more optimal cluster (centroid) positions compared to
conventional K-Means. Furthermore. the difference in the distribution of points around
the centroids reflects the broader exploration of the GA method compared to other K-
Means techniques. The variation in Silhouette Coefficient values also indicates differ-
ences in the clustering quality (9). According to (18). determining the optimal cluster
based on the fitness function evaluation of genetic algorithms leads to a cluster distri-
bution that is more concentrated or minimal.
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S¥ Nilai k optimal berdasarkan Silhouette Score: 3
Silhouette Score maksimum: ©.2888

(a)
3+ Average Silhouette Score: ©.5264
(b)
3~ Silhouette Score (k=3): ©.2591
(c)

Fig. 5. Comparison of Silhouette Value: (a) K-Medoids. (b) K-Means Optimize GA. (c) K-Means

Davies-Bouldin Index (k=3): ©.5562
Calinski-Harabasz Index (k=3): 13.0048

(a)

Davies-Bouldin Index: ©.38446302041745145
Calinski-Harabasz Index: 23.726806928307578

(b)

Davies-Bouldin Index: ©.8314
Calinski-Harabasz Index: 7.3320

(c)

Fig. 6. Comparison of DBI and CHI Value: (a) K-Medoids. (b) K-Means Optimize GA. (c) K-
Means.

In addition to the Silhouette Coefficient. other metrics are also used to evaluate clus-
tering quality. such as the Davies-Bouldin Index (DBI) and the Calinski-Harabasz In-
dex (CHI). The DBI assesses how well-separated the clusters are; lower DBI values
indicate higher intra-cluster cohesion and better inter-cluster separation (42). Mean-
while. the CHI measures the ratio between inter-cluster dispersion and intra-cluster
compactness; a higher CHI value indicates better clustering performance (43). The
DBI and CHI values obtained from the three methods can be seen in Fig. 6.

The evaluation results indicate that the K-Means GA method provides the best clus-
tering performance. The word distribution in each cluster was then analyzed to formu-
late design concepts through discussions with domain experts (9). Concept determina-
tion was carried out in collaboration with at least four experts in the field of design (32).
The words appearing in each cluster. as shown in Table 8 (b). were used to identify
relevant concepts in consultation with the experts. The results of the concept analysis
conducted with the experts are presented in Table 9.

Based on discussions with experts. as presented in Table 9. it was concluded that the
first cluster represents the concept of “Useable.” the second reflects “Cheerful.” and the
third generates the concept of “Premium”. These three concepts align with the highest-
weighted words listed in Table 5. The “Useable” concept is reflected in terms such as
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“Useable” and “Easy to store.” indicating that ease of use and storage can enhance
brand loyalty. The “Cheerful” concept refers to words like “Eye Catching” and “Col-
ourful.” suggesting that packaging aesthetics. such as colour and visual background.
have a psychological impact on purchasing decisions (44). Meanwhile. the “Premium”
concept is represented by terms such as “Chocolate Design” and “Informative.” as pre-
mium packaging effectively conveys information and visually represents the product
content (45).

Based on Fig. 4 (b). it is evident that the third cluster exhibits the highest Fitness
Function value. According to (18). his value indicates the optimal cluster. as it has the
smallest cluster range. Therefore. the concept of "Useable" that emerges from this clus-
ter is selected as the recommended concept for implementation in specialty chocolate
bar packaging. The "Useable" concept represents consumers' emotions in addressing
their needs. where they seek chocolate bar packaging that is easy to use. open. carry.
and store. This is consistent with the term that carries the highest weight in the Kansei
word extraction results presented in Table 5. where "Useable" ranks fourth among the
most frequently mentioned terms by consumers when expressing their emotional re-
sponses or Kansei words. The word "Useable" has a weight of (0.2371). followed by
"Easy to Store" with a weight of (0.2173). According to (46). packaging that is easy to
use plays a significant role in influencing consumers' purchasing decisions. This find-
ing is reinforced by market research indicating that modern chocolate bar consumers
increasingly prefer packaging that offers ease of use. As stated by Towards Packaging.
simple yet effective packaging. such as easy-to-tear wrappers or resealable pouches.
provides convenience without compromising the integrity of the product (47). There-
fore. the “Useable” design concept identified in this study aligns well with current con-
sumer expectations in the market.

Table 9. Analysis Concepts with Experts

Cluster 1 Cluster 2 Cluster 3

Eye Catching Colorful Sturdy Packaging

Useable Premium

Easy to Store Elegant

Safety Exclusive

Unique

Expert 1

Useable Colorfull Premium
Expert 2

Useable Cheerful Premium
Expert 3

Functional Design Playful Modern Luxury
Expert 4

Useable Cheerful Premium
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4 Conclusion

The weighting results using TF-IDF in the Kansei word extraction process revealed that
the words with the highest weight values are "Chocolate Design" (0.5334). Informative
(0.3754). Eye Catching (0.3359). Usable (0.2371). "Easy to Store" (0.2173). and "Col-
ourful" (0.1976). These words represent consumer feelings based on their preferences
for specialty chocolate bar packaging. Out of the 22 Kansei words obtained from TF-
IDF. 11 were deemed valid and used in the clustering process. The results of the three
clustering methods contain similar sets of words. However. in the K-Means method.
the word “Unique” is placed in a different cluster from “Eye-catching.” “Usable.”
“Easy to Store.” “Safety.” and “Modern.” In contrast. the K-Medoids and K-Means GA
methods group “Unique” in the same cluster as those five words. In terms of perfor-
mance. the K-Means GA method produced better results compared to the K-Medoids
and K-Means methods. with a Silhouette Coefficient of (0.5264). a Davies-Bouldin In-
dex of (0.3844). and a Calinski-Harabasz Index of (23.726). The advantage of the K-
medoids method is its resistance to extreme data values. while the K-means method is
sensitive to such values. On the other hand. the K-Means GA method is more optimal
in determining centroids. whereas K-medoids tends to have centroids closer to outliers.
The design concepts derived from the word sets in each cluster. as assessed by an expert
panel. include “Useable.” “Cheerful.” and “Premium”. Among these. "Usable" was se-
lected as the most appropriate concept due to its optimal cluster distribution based on
the Fitness Function value. This concept reflects consumers' needs for chocolate bar
packaging that is “Eye-catching.” “Easy to Store.” “Usable.” and “Safe.” and is further
supported by the highest weight in the Kansei word extraction results. Therefore. this
concept offers a solution to current challenges in specialty chocolate bar packaging.
This finding demonstrates that an emotion-based approach combined with data analysis
can generate design concepts aligned with consumer preferences. Consequently. this
approach not only effectively addresses consumers' emotional needs but also serves as
a strategic guide for the development of competitive specialty chocolate bar packaging
designs in the market.
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