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Abstract. Tempe chips are a product generally liked by various segments of society in Indonesia.
Competition within the tempe chip industry is inevitable and poses a challenge for companies to maintain
their business. Therefore, companies are required to produce products that align with consumer preferences.
This study aims to determine the priorities of tempe chip product attributes that align with consumer
preferences when purchasing tempe chips. This can aid producers in production decision-making. This study
was analyzed by FAHP (Fuzzy Analytical Hierarchy Process) method. The research starts with determining
criteria and sub-criteria, the distribution of preliminary questionnaires to filter consumer needs of attributes
and sub-criteria of tempe chip products. Then it will continue for processing the preliminary questionnaire
data, consistency testing using the AHP method, fuzzification, aggregation using the geometric mean
technique, and defuzzification. The product attribute criteria for tempe chips that most influence the
purchase of tempe chips, in order, are taste (0.20); texture (0.19); price (0.18); packaging (0.08); availability
(0.08); product information (0.08); color (0.07); promotion (0.06); and aroma (0.05). The selected sub-
criteria are tempe chips with an original flavor, a crispy texture with a thin tempe layer, an affordable price,
plastic packaging, ease of availability offline, product information showing the expiration date, a bright

yellowish color of tempe chips, and a distinctive tempe aroma that is more dominant.

1 Introduction

Tempe chips are a popular type of chips in Indonesia.
Tempe chips have a savory taste and fairly long shelf life
and can be consumed as snacks or as a side dish. Tempeh
chips can also be found in almost all tempeh production
centers, supermarkets, and e-commerce. This shows that
the marketing of tempeh chips is very broad and has good
business opportunities. Every company aims to develop
its industry to get maximum profit. However, in its
development, competition between industries is
something that absolutely happens and becomes one of
the challenges for companies to maintain their business.
Therefore, companies must make products with
competitive advantages to gain consumer loyalty by
making products that consumers like. One step a company
can take to win the hearts of consumers is to make
products with competitive advantages. The consumer
preference for a product depends on product performance
based on different attributes, such as value, service, and
others [1].

Consumer preference assessment of product
attributes can be used as a basis for company decision-
making in production and product development activities.
Consumer preference is defined as a consumer's choice of
likes or dislikes for a good or service [2-3]. Generally,
consumer preferences are described in a linguistic way
("dislike", "like" and "very much like") to evaluate
products according to human thinking because consumer
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preference assessments of products sometimes cannot be
precisely explained in a quantitative way. Consumer
preferences are usually expressed subjectively and often
in colloquial language or linguistically. Often, customer
preference information is also imprecise [4]. Consumer
preference assessments are usually expressed on ordinal
data or faced with ‘true’ and ‘false’ or ‘yes’ or ‘no’
choices without considering objects that are a matter of
degree with all possible grades of truth between ‘yes’ or
‘no’. To reduce this uncertainty or inaccuracy, fuzzy logic
can be used because it has a tolerance for assessments
using crisp values [5]. With fuzzy techniques,
assessments can be made by calculating values between
0-1. Thus, using fuzzy is a better alternative because it has
a tolerance for calculating assessments from a
predetermined definite scale [6-7]. Fuzzy logic in
marketing found that the coefficients calculated were
between a scale of 0-1 [8]. This shows that consumer
behavior cannot be understood only as a definite value or
0-1 or only with absolute binary true/false, but from a
perspective in between.

2 Materials and Methods

2.1. Materials and tools

The method used in this study is Fuzzy Analytical
Hierarchy Process (FAHP). The FAHP method combines
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hierarchical structure analysis and fuzzy theory to assess
consumer preferences. This method effectively handles
subjective  perceptions through AHP assessment
conversion using fuzzy numbers to produce a priority of
attribute preferences by consumers in a hierarchy that
better represents consumer preferences that help
companies make production decisions. The findings of
this research are crucial for tempeh chip producers to align
their product attributes based on consumer preference,
leading to enhanced market competitiveness and product
development. This research offers a novel contribution by
integrating the FAHP method to evaluate the relative
importance of attributes in consumer preference for
tempeh chips, an approach that has not been previously
explored in this field.

The population used in this study were consumers
who had consumed Protaba Food tempe chips products in
Bantul Regency and Yogyakarta City. The research
questionnaire was distributed using a non-probability
sampling technique using a purposive sampling method
aimed at 100 respondents from Bantul Regency and
Yogyakarta City who had consumed Protaba Food
tempeh chips products. The research began with
determining the criteria and sub-criteria, distributing
preliminary questionnaires to filter consumer needs for
the attributes and sub-criteria of tempeh chips products,
processing preliminary questionnaire data, consistency
testing using the AHP method, fuzzification, aggregation
with geometric mean techniques, and defuzzification. The
results of the validity test on each sub-attribute can be
seen in Table 1.

Table 1. Results of the Validity Test of Sub-Criteria Attributes
of Tempe Chips Products

Statement R- R- Result
calculated table

Attribute Product
Code Attribute

A Flavor Original 0.465 0.334 Valid
Additional flavor variants (e.g., 0.515 0.334 Valid
spicy, seaweed, etc.)

B Texture Crispy texture with thin layer 0.537 0.334 Valid
Crispy texture with thick layer 0.352 0.334 Valid

C Color Brown 0.139 0.334 Not

Valid
Light yellow 0.507 0.334 Valid

D Aroma The strong aroma of tempe 0.639 0.334 Valid
Additional flavoring aroma 0.453 0.334 Valid

E Packaging  Jar 0.533 0.334 Valid
Plastic 0.522 0.334 Valid

F Price Affordable 0.48 0.334 Valid
Premium 0.458 0.334 Valid

G Accessibility Online store 0.214 0.334 Not

Valid
Offline store 0.451 0.334 Valid

H Promotion  Promotion through exhibitions 0.195 0.334 Not
or UMKM bazaars Valid
Promotion through social media 0.217 0.334 Not
content Valid

I Product Nutritional information 0.447 0.334 Valid

Information
Halal label 0.433 0.334 Valid
Expiry date 0.473 0.334 Valid

Attributes and sub-criteria determined by literature
study and distributing preliminary questionnaire. The first
questionnaire is used to find out the choice of tempeh chip
product attributes that are most needed by consumers,

such as flavor, texture, color, aroma, packaging, price
accessibility, promotion, and product information. This
questionnaire used the Guttman scale of ‘Yes’ or ‘No’ and
processed data using the percentage method. Attributes
with a “Yes’ percentage >50% will be used to determine
attribute priorities. The second questionnaire analyzes
consumer preference assessments related to the choice of
product sub-criteria that represent each attribute, and the
data is processed using a reliability & validity test.

The validity test of sub-criteria is done by comparing
the calculated r value of each statement item with the r
table. The number of respondents obtained in the
preliminary questionnaire was 33 people, so the r table
value at a significance level (o) of 0.05 was 0.344. After
that, a validity test was carried out; if the calculated r is
greater than the r table, then the statement item can be said
to be valid. Based on the data analysis that has been
carried out, several variables are invalid because the
calculated r value is less than the r table or the value is
less than 0.344, namely in the statement item tempeh
chips have a crispy texture with thick slices, tempeh chips
have a brownish color, easy to get online, easy to get
offline, promotion through bazaars, promotion through
social media and there is information on nutritional
content.

Reliability testing was carried out on valid statements
in the validity test [9]. In the validity test, there were 4
invalid statement items, so the reliability test was only
carried out on 15 valid statement items. Based on the
results of the reliability test, it is known that the 15 valid
statements related to the attributes of the tempeh chips
product have a Cornbach alpha value of 0.814, so the
items are declared reliable and can be used for the AHP
questionnaire. The attributes that will be used in the AHP
questionnaire data collection to determine the priority of
tempeh chip product attributes by consumers are the
attributes of taste, texture, aroma, packaging, price, and
product information.

2.2. Analytical Hierarchy Process

The Analytical Hierarchy Process (AHP) method is one
of the Multi-Criteria Decision Making (MCDM) methods
developed by Saaty [10-12]. This method utilizes pairwise
comparisons to perform rankings [13]. The AHP method
allows decision-makers to represent the simultancous
interaction of many factors in complex and unstructured
situations. It can be used to identify and set priorities
based on a person's goals and knowledge and experience
of each problem [14].

2.3. Fuzzy Analytical Hierarchy Process

The FAHP method was proposed using Triangular Fuzzy
Numbers (TNFs) in a real pairwise comparison matrix
[15]. The linguistic scale, along with the corresponding
crisp values (1 to 9) for AHP and the fuzzy triangular
scale, are presented in Table 2.
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Table 2. AHP Scale and TFN (Triangular Fuzzy Number)

Scale
Linguisic Sale Ve Noaton (@) (uzm)  Reciproca
Equally Important 1 i 1 (1L, 1,1) 1/3, 1/1, 1/1
Intermittent Value 2 2 12 (1,2,3) 1/3,1/2,1/1
Weakly Important 3 3 1/3 2,3,4) 1/4,1/3,1/2
Intermittent Value 4 i 1/4 (3,4,5)  1/5,1/4,1/3
Fairly Important 5 5 1/5 (4,5,6) 1/6,1/5, 1/4
Intermittent Value 6 6 1/6 (5,6,7) 1/7, 1/6, 1/5
Strongly Important 7 7 1/7 6,7,8) 1/8,1/7,1/6
Intermittent Value 8 8 1/8 (7,8,9) 1/9, 1/8,1/7
Absolutely Important 9 9 1/9 8,9,9) 1/9,1/9, 1/8

2.3.1 Fuzzification

Fuzzification can produce a hierarchical structure through
pairwise comparisons. Pairwise comparisons are carried
out by Fuzzy AHP using a linguistic preference scale
ranging from 1 to 9. After calculating the consistency, the
next step in the fuzzy AHP method is the fuzzification
step, converting the AHP scale into a fuzzy number using
the TFN (Triangular Fuzzy Number) value. The fuzzy
numbers are then converted into triplet values such as (al,
a2, a3), which represent the smallest value (lower), the
middle or most promising value (middle), and the largest
value (upper) [16]. In Fuzzy-AHP, the weight of the
pairwise comparison matrix from the Triangular Fuzzy
Number (TFN) scale that has been calculated is then used
to rank the available criteria and alternatives.

2.3.2 Matrix Aggregation

This method combines individual assessments into group
assessments and maintains the assessments that have been
made using pairwise comparisons in AHP [17]. The
aggregation of the comparison matrix is performed at each
degree of membership in the AHP scale conversion using
the TFN value in the previous method, namely in the
fuzzification step. So in the calculation of the geometric
mean, 3 three functions are obtained, namely lower (1),
middle (m), and upper (u). The geometric mean of each
lower, middle, and upper membership value is calculated
using the formula (1).

Alj=(Z1x Z2x Z3X...X Zn)"(1/n) M

2.3.3 Defuzzification

The next step is to defuzzify the aggregated matrix using
the geometric mean technique. The defuzzification
process uses the important values obtained in the previous
step. The values of importance for the lower, middle, and upper
membership are presented in Table 3.

Defuzzification is a transformation process that restates
fuzzy output into numeric or single values. After fuzzification or
converting crisp values into fuzzy values using TFN numbers
with 3 (three) memberships (lower, middle, and upper), the
output variable must be changed back into a single output
representing the best fuzzy value. Defuzzification can be done
using the following formula (2), where a is lower, b is middle,
and c is upper:

c b ]
b—-a+1 @

Crisp = 2 [

2 "1-b+c

Table 3. Importance Value of Attribute Product using Fuzzy-

AHP
Attribute Lower Bound Middle Value Upper Bound
Flavor 2.353 2.805 4.110
Texture 2.038 2.451 3.582
Color 0.509 0.579 0.919
Aroma 0.419 0.475 0.789
Packaging 0.632 0.767 1.231
Price 1.970 2.37 3.477
Accessibility 0.638 0.739 1.212
Promotion 0.493 0.538 0.892
Product Information 0.573 0.732 1.142

3 Results and Discussion

After going through the defuzzification process, which is
the last step of the fuzzy AHP method, the level of
importance of the tempeh chips product attributes can be
determined by the weight value. Based on these results, it
is known that from 66 respondents who conducted
pairwise comparisons of the criteria that are tempeh chips
product attributes, the attribute that consumers most
prioritize in purchasing tempeh chips is taste. Other
attributes that are prioritized after that in sequence are
texture, price, packaging, ease of obtaining, product
information, color, promotion, and aroma. The results of
prioritizing tempe chips product attributes are presented
in Table 4.

Table 4. Defuzzification Results of Priority Attribute

Determination

Attribute Crisp Value Weight Ranking
Flavor 1.828 0.2 1
Texture 1.707  0.186 2
Color 0.613  0.067 7
Aroma 0.525 0.057 9
Packaging 0.758  0.083 4
Price 1.671 0.182 3
Accessibility 0.747  0.081 5
Promotion 0.587 0.064 8
Product Information 0.721  0.078 6
Total 9.189 1

The results in the table above show that the criteria that
are most prioritized by consumers in purchasing tempeh
chips products are, respectively, taste, texture, price,
packaging, ease of obtaining, product information, color,
promotion, and aroma. The results of the sub-criteria
priorities for each attribute are shown in Table 5.
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Table 5. Sub-criteria Priority Determination Results

No. Attribute Weight Sub-Criteria Weight of Sub-
Criteria
1 Flavor 0.200 Original 0.660
2 Texture 0.186 Crispy with thin layer 0.848
3 Price 0.182 Affordable 0.519
4 Packaging 0.083 Plastic 0.683
Product .
6 Information 0.078 Expiry Date 0.512
9 Aroma 0.057 Tempeh 0.632
3.1.Taste

The taste criterion has the largest weight, which is 0.200.
This shows that taste is the attribute most considered
when purchasing tempeh chip products, according to
consumers in Bantul Regency and Yogyakarta City
consumers. However, the difference in weight between
the taste, texture, and price criteria is not too far; the
texture weight is 0.186, and the price weight is 0.182. This
means that even though the criteria have the highest
weight value, the taste criterion is not the most dominant
attribute that is a priority for consumers in purchasing
tempeh chip products, but all three are the most prioritized
attributes so that producers can focus on improving and
developing product quality from taste, texture and price
factors.

The taste itself has 2 (two) sub-criteria that must be
selected according to the level of importance by
respondents that producers will use in producing tempeh
chips. These sub-criteria are the original taste with a
weight of 0.653 and tempeh chips with additional flavor
variants weighing 0.347. This means that respondents
consider the original taste of tempeh chips more important
than adding flavor variants such as spicy flavor, seaweed
flavor, etc. The weights obtained through the pairwise
comparison have a fairly large difference, so the original
taste sub-criteria are considered more dominant in
describing the priority of taste attributes based on
consumer preferences in the Bantul Regency and
Yogyakarta City areas.

3.2. Texture

The texture is the second priority of consumers in
purchasing tempeh chips. Texture is one of the important
factors in dry food products such as chips. Texture is a
parameter that can be assessed through sensing that is
connected to touch or touch. Texture is measured
objectively as a function of mass, time, and length [18].
Thus, in food products with a crunchy texture, such as
chips or crackers, the assessment that can be done before
making a purchase is to test the texture through sensing.
Based on the ranking results through AHP weighting, the
sub-criteria that are considered more important are
tempeh chips that have a crunchy texture with a thin layer

with a weight of 0.848. This sub-criterion has a fairly
large difference compared to tempeh chips, which have a
crunchy texture but have a thick layer with a weight of
0.152. This shows that most respondents prefer tempe
chips with a crunchy texture with a thin layer so that
producers can use this in making production decisions.

3.3.Price

The third priority attribute of tempeh chips product is
price. Price is included in the factors that are prioritized
or influence consumers when purchasing tempeh chip
products. Price is one of the factors that companies must
consider winning the competition in marketing the
products offered. This is a reminder for companies that
careful calculations are needed when making pricing
policies.
Price [19] indicators are as follows:
1) Determination of selling price
Decisions on pricing must be buyer-oriented.
This means that it must include how much value
consumers place on the benefits received from
the product and then the price is determined
based on the value or quality obtained. The
higher the value, the higher the price that can be
set.
2) Price elasticity
Price elasticity can be said as a demand response
to a price change. If demand does not change due
to a slight change in price, then the demand is not
elastic or is called inelastic. However, on the
other hand, if there is a change in the amount of
demand due to a change in price, then the
demand is elastic demand.
3) Competitor price growth
Competitor prices are one of the factors that
influence pricing decisions. Consumers tend to
choose a product based on an evaluation of the
price and value of the comparative product.
Based on the results of the sub-criteria weighting
on the price attribute, the sub-attribute that
consumers most prioritize is affordable price,
with a weight of 0.519, compared to price
according to quality, which gets a weight of
0.481. This means that consumers prioritize
purchasing tempeh chip products that have
affordable prices compared to others. However,
the difference in weight between the two sub-
criteria is not too far. This means that tempeh
chip products with affordable prices are
considered more important, but this does not
become more dominant because almost half of
the weight shows that respondents also have a
priority that is not far enough on considering
prices that are in accordance with quality. Based
on these results, tempeh chip producers, in
determining selling prices, also need to pay
attention to several things, not only setting
affordable prices. However, this must also
consider several things, such as market
segmentation and competitor prices.
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3.4.Packaging

The packaging has a weight of 0.083. This weight gain is
not much different from the ease of obtaining criteria with
a weight of 0.081 and the product information criteria
with a weight of 0.078. This weight difference indicates a
priority level that is not too dominant.

The packaging sub-criteria that consumers prioritize
is plastic packaging, with a weight of 0.683, compared to
jar packaging, which gets a weight of 0.317. The
difference in weight in these two sub-criteria is quite far,
so companies can use the plastic packaging sub-criteria as
a production decision-making based on consumer
preference interests. This result is also in accordance with
the level of consumer interest in the price of tempeh chip
products, which are more prioritized. Tempe chip
products packaged using plastic have a more affordable
price compared to jar packaging.

3.5.Accessibility

The accessibility of a product also affects consumer
purchasing decisions. Products that are easily available in
many retail stores have a fairly large chance of being
purchased by consumers because of their affordable
access. In this study, the criterion of ease of access only
has one sub-criterion, namely ease of access offline or in
stores and retail, because, in the validity test of the sub-
criterion of ease of access online, the results were less
valid, so pairwise comparisons were not carried out.
Priorities regarding the sub-criterion of ease of access
offline can be used by the industry in making marketing
decisions for tempeh chips products by expanding product
distribution from small kiosks and retail stores, especially
in Bantul Regency and Yogyakarta City.

3.6.Product Information

Product information has a weight of 0.078. Product
information must be included in a product to convey the
producer's message to consumers, which contains data or
information from the product itself. Product information
in the form of a product expiration date is the main
priority, weighing 0.512. This sub-criterion has a more
dominant weight compared to the other 2 (two) sub-
criteria, namely nutritional content of 0.159 and halal
label of 0.329, because this is related to consumer safety
in consuming a product so that every producer must really
pay attention to the quality of their products, especially in
terms of guaranteeing the safety of the product's shelf life
which is still suitable for consumption or not. After the
expiration date, the presence of a halal label is also
important to consumers because this is also related to food
safety guarantees. Furthermore, the last priority of the
sub-criterion is nutritional content.

3.7.Color

The color and promotion criteria with ranks 7 and 8 also
have a weight difference that is not much different. The
color criteria weigh 0.67, and the promotion criteria are

0.064. So, the priority of the color attribute is not too
dominant compared to the promotion criteria.

Color and appearance are some of the things that
affect the quality attributes of food products. Both are
easily recognized and assessed by consumers when
purchasing food products. Food products with high
nutritional value, safe, and cheap but unattractive will not
be purchased by consumers because consumers often
associate specific colors with product quality [20]

The color attribute also only has one sub-criterion:
the bright yellowish color of tempeh chips. In the validity
test, the sub-criterion of the brownish color of tempeh
chips was invalid, so it was declared invalid. The
formation of brown color in fried tapioca tempeh chips is
caused by the browning reaction (Maillard). The Maillard
browning reaction, or non-enzymatic browning, is a
reaction that occurs between carbohydrates containing
reducing sugars with amino acids contained in the
ingredients to produce a brown material called melanoidin
[21]. The brown color of tempeh chips made with the
addition of tapioca flour is influenced by the protein and
reduced sugar content in tapioca flour. The color of the
chips is also influenced by the quality of the cooking oil,
cooking oil that is already brown indicates that the fatty
acid content is saturated and affects the quality of the
color of the chips [22]. Tempe chips [23] that are
brownish in color are considered less attractive, so they
can reduce buyer interest. Color [24] is one factor that
plays an important role in food products and is useful as
an attraction for consumers.

3.8.Promotion

Promotion is one strategy that the industry must design
very well to win the competition and make consumers buy
the products offered. Promotion must be planned well
because it is related to the cost or budget that will be spent
to attract consumer attention. However, the thing that
needs to be avoided is the company's large expenditure to
carry out promotions, but the promotions carried out
cannot make consumers glance at the products sold.

In the hierarchical structure of the AHP method, the
promotion attribute does not have sub-criteria because it
has invalid results in the validity test. The promotion that
the Protaba Food tempe chips industry has carried out is a
promotion by creating social media content and company
participation in exhibitions or UMKM bazaars. However,
each promotion does not necessarily provide the desired
return on product sales. Companies need to plan and
consider other promotional methods that can attract
consumers' attention so that they intend to buy products.

3.9.Aroma

The last priority ranking is the aroma criterion, which
weighs 0.057. Aroma is one of the most important quality
attributes for consumers in choosing their favorite foods.
Aroma is important because it can easily and quickly
assess a product [25]. However, aroma assessment is
generally done by first opening the product packaging. So,
the aroma criterion has the lowest weight or the last
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priority consumers consider when choosing tempeh chip
products. The aroma attribute has 2 (two) sub-criteria:
chips with a typical tempeh aroma with a weight of 0.632
and tempe chips with an additional aroma with a weight
0f 0.366. Thus, tempe chips with a more dominant typical
tempe aroma are consumers prioritize sub-criteria.

4 Conclusion

The priority of tempeh chips product attributes in
purchasing tempeh chips is the taste criterion with a
weight of 0.200. The next attribute sequence that is more
determined based on consumer preferences is texture
(0.186), price (0.182), packaging (0.083), ease of
obtaining (0.081), product information (0.078), color
(0.067), promotion (0.064), and aroma (0.057). The sub-
criteria of product attributes selected based on pairwise
comparisons that can be used by companies in production
decisions are tempeh chips with an original taste, have a
crunchy texture, and a thin layer of tempeh, affordable
prices, plastic packaging, easy to obtain offline, product
information that shows the expiration date, the color of
the tempeh chips is bright, and the chips have a more
dominant distinctive aroma of tempeh.
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Technology Faculty number 1419/UN1/FTP/SET-D/PT/2020.
The final result of the research study was therefore highly
acknowledged.
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