International Journal of Innovative
Computing, Information and Control
Volume 18, Number 2, April 2022

c
ICIC International ⃝2022
ISSN 1349-4198
pp. 345–359

HOW DO PEOPLE FEEL ABOUT HAMBURGERS?
–ANALYSIS BASED ON SENSORY EVALUATION
AND DECISION TREE–
Toshiya Arakawa
Department of Information Technology and Media Design
Nippon Institute of Technology
4-1, Gakuen-dai, Miyashiro-machi, Minamisaitama-gun, Saitama 345-8501, Japan
arakawa.toshiya@nit.ac.jp

Received September 2021; revised January 2022
Abstract. People pay attention to the appearance of a dish; hence, considering the
component of dishes and discussing the relationship between the feelings inspired by dishes
and their images are interesting research topics. We exposed 50 participants to pictures of
66 types of hamburgers from three hamburger chains and conducted a sensory evaluation.
Analysis based on the decision tree was applied to the sensory evaluation results, and we
validated the characteristics of hamburgers. In summary, the participants tend to feel that
the deliciousness and gorgeousness of hamburgers are primarily deﬁned by whether the
color of the hamburger is diﬀerent from green and red. Sliced vegetables appear to have
a larger volume; thus, the presence of sliced onion, lettuce, and cabbage may make them
appear healthier. Further, we veriﬁed the adequacy of the decision tree. The decision tree
represents (at most) only 50% of the explanatory power. However, the decision tree will
be a suﬃcient structure if more suﬃcient explanatory variables are prepared.
Keywords: Hamburger, Feeling, Sensory evaluation, Decision tree

1. Introduction. It is said that people pay attention to the appearance of a dish. The
images of dishes, such as the color of vegetables and well-roasted meat, arouse the appetite.
In contrast, a mono-colored dish or dish that lacks the color variation does not awaken a
person’s appetite; hence, it can be deduced that the color of the dish inﬂuences the feeling
of deliciousness [1]. Some previous studies have investigated the relationship between the
appearance of dishes and the feeling of deliciousness. For example, a study investigated
how the visual volume and height of food on a plate inﬂuence our impression of the food
[2]. Another study determined that altering the color of food and drink changes people’s
expectations and their taste and ﬂavor perceptions, and changing the background color
can signiﬁcantly inﬂuence taste/ﬂavor expectations/perceptions [3]. Okajima et al. investigated how the visual texture and appearance of food inﬂuences its perceived taste and
ﬂavor by developing an augmented reality system [4,5]. Sakurai et al. suggested that the
size around the food, especially the size of the visual dish, changes the perception of satiety [6]. Piqueras-Fiszman et al. examined the extent to which the color of the plate may
inﬂuence the gustatory and hedonic experiences of a complex food [7]. Generally, these
studies primarily considered simple-looking food and investigated changes in images only
when the color or size of the dish or background is altered. Therefore, to comprehensively
investigate the relationship between the appearance and perceptions of a dish, we should
consider more complex dishes. In other words, we should consider the component of dishes and discuss the relationship between the perception and appearance of the dish. There
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are indeed many other dishes besides hamburgers, but our feelings are inﬂuenced by the
dish and the elements that make up the dish, such as the shape, bowls, and plates. In
this study, we considered hamburgers as an example of a dish. This is because the shape
of each hamburger does not diﬀer. Additionally, since most hamburgers are not served
on a plate, we can only consider the inﬂuence of the hamburger.
Hamburgers are one of the most popular foods globally, and many types of hamburgers
have been produced. In his research, Samuel demonstrated that three-quarters of all food
establishments sell at least one type of hamburger, and out of 80% of these establishments,
hamburgers are their best-selling food on the menu [8]. According to government data
since the mid-1970s, beef consumption has been dwindling in the United States, falling
from a peak of 94 pounds per person per year in 1976 to 54 pounds in 2014. Over the
past 15 years, per capita beef consumption has decreased by 20%. However, hamburgers
have gone the opposite route, gaining popularity, even as Americans lose their taste for
the broader beef and meat categories. Currently, we consume signiﬁcantly less beef but
substantially more hamburgers, about six extra burgers per person, or 30% more than
the usual consumption [9]. Another study demonstrated that, in 2017/2018, the average
person in the United Kingdom (UK) consumed just under a kilogram of burgers out of
a home per year, or 19 g per week. Since 2006, although consumption was its lowest
in 2013 (15 g), but has since increased [10]. Additionally, there are many variations of
hamburgers. These variations are due to the combination of components, such as buns,
patties, vegetables, toppings, and sauce. Therefore, the appearance of a hamburger may
be inﬂuenced by the combination of these components.
In this study, we analyze the feelings of deliciousness, gorgeousness, and healthiness,
considering the entire color of hamburgers and their various components, such as buns,
patties, vegetables, toppings, and sauce. Conventionally, food analyses have focused solely
on the appearance or color of the dish. However, as the novelty of this research, we
included the components of the dish. We also employ the decision tree as a statistical
method to investigate and analyze the relationship between food appearance and feeling.
We used the experimental results obtained from 50 participants to analyze the speciﬁcs
of hamburgers and estimate the best technique for making delicious, gorgeous, and healthy
hamburgers. To apply the methods and results, the characteristics of hamburgers that
people like will be elucidated, which may be beneﬁcial in marketing hamburgers. In
addition to hamburgers, this method will be applied to other dishes and their respective
marketing.
The remainder of the paper is organized as follows. Section 2 explains the experimental
and analysis method. Section 3 discusses the experimental results. Section 4 considers
about the results of experiment. Finally, Section 5 presents the conclusion.
2. Materials and Methods.
2.1. Experimental conditions. Fifty persons (47 males and three females, between 19
and 54 years old) participated in the experiment. It would be preferable to conduct the
experiment with many participants because the more time the experiment is conducted, the more reliable the results are. However, we limited the number of participants
to 50. The participants are mainly students at the author’s university and are mostly
male. Therefore, there was a large bias in the number of male and female participants.
These participants sat in a chair and were instructed to look at the monitor of a laptop
computer on the table in their front. Then, a picture of a hamburger was displayed on the
laptop computer. When the picture of the hamburger was displayed, each participant was
instructed to evaluate the deliciousness (“score of deliciousness”), gorgeousness (“score of

INT. J. INNOV. COMPUT. INF. CONTROL, VOL.18, NO.2, 2022

347

gorgeousness”), and healthiness (“score of healthiness”) of the food on the following basis:
do not think (feel) at all = 1 point; average = 5 points; and strongly think (feel) = 10
points. In this study, 1 and 2 points, 3 and 4 points, 5 and 6 points, 7 and 8 points, and 9
and 10 points are summarized as “worst”, “poor”, “middle”, “high”, and “excellent”, respectively. The pictures of 66 hamburgers were prepared for this experiment. Thus, each
participant repeated this procedure 66 times (the reason for 66 times will be discussed
later). The order of the picture display was altered based on each participant, considering
the order eﬀect. Here 50 participants were divided into ﬁve groups. The order of the
picture display was altered for each group, considering the sequential eﬀect.
The pictures of the hamburgers used for the experiment are from the hamburger chain
shops (bland): BK, Mc, Mos. We selected the hamburgers of these chain shops for
the experiment because they seemed familiar to each participant. The details of these
hamburger chain shops are presented as follows.
BK: BK is the second-largest fast-food hamburger chain in the world, founded in 1954
[11]. It has about 12,000 stores worldwide [12]. As of January 26, 2021, it has 56 stores
in Japan [13]. It was ranked 7th according to its number of stores in Japan on January
26, 2021 [14].
Mc: Mc is the largest fast-food hamburger chain in the world, founded in 1940. It has
about 32,000 stores worldwide [12]. As of January 26, 2021, it has 2,909 stores in Japan,
and it is the ﬁrst largest hamburger chain based on its number of stores as of January 26,
2021 [14].
Mos: Mos is a Japanese international hamburger chain founded in 1972; it has 1,679
stores worldwide [15]. As of March 2020, it has 1,718 stores in Japan; it is the secondlargest hamburger chain based on the number of stores as of January 26, 2021 [14].
For the experiment, 20, 25, and 21 pictures were adopted for the BK, Mc, and Mos
hamburgers, respectively. The components of each hamburger, buns, patties, vegetables,
toppings, and sauce were analyzed based on the pictures on the website of the hamburger
chains. Table 1 presents the components of each hamburger categorized and classiﬁed
based on the analysis results. The categorization and classiﬁcation results obtained will
be used in the following section.
Table 1. Category and classiﬁcation of each hamburger component
Category
Buns

Classiﬁcation
normal, griddle cake, with sesame, muﬃn, special, double-buns
shrimp potion, sausage, chicken, chicken crisp, teriyaki-chicken,
teriyaki-pork, beef, ﬁsh potion, bacon, loin cutlet, ground meat,
Patty
double-patty
BBQ, ketchup, BK sauce, Big Mac sauce, aurora sauce, mustard,
cutlet sauce, creamy sauce, tartar sauce, cheese sauce, teriyaki sauce,
Sauce
mayonnaise sauce, meat sauce, Japanese style sauce
onion, tomato, lettuce, cabbage, jalapeno pepper, avocado, mayonTopping
naise, onion ring, cheese, hash browns, pickles, bacon, egg
Topping is sliced Yes, No
The background of each hamburger’s picture was trimmed, and the red (R) and green
(G) colors of all hamburgers, excluding these backgrounds, were calculated. For the
calculation, we considered the HSV color space. First, as a preprocessing step, to avoid
the detection of white and dark colors, we referred to the precedent [16] and targeted pixels
with saturations greater than 45 and values greater than 32. To avoid the detection of
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white and dark colors, as a preprocessing step, we focused on pixels with saturations
greater than 45 and values greater than 32. Pixels with large values between 0 and 30
and between 150 and 180 are considered red. Similarly, pixels with large values between
30 and 85 are considered green. For each hamburger, we calculated the percentage of red
and green pixels out of the total number of pixels in the preprocessed hamburger image.
We assumed that R (tomato or ketchup color), G (lettuce), and “other than R and G”
(buns) inﬂuence the perception of people. Therefore, we deﬁne the “ELSE” color rate
(i.e., except R and G rate) by
(ELSE rate) = 100.0 − (R rate) − (G rate)
For the hamburger’s color, we adopted the R, G, and ELSE rates for the analysis because,
as mentioned above, the R, G, and ELSE rates indicate the rates of red vegetables (tomato
or ketchup), green vegetables (lettuce or cabbage), and other components, except for red
and green vegetables (buns or patties), respectively.
2.2. Analysis method. We used decision trees to investigate and analyze the relationship between the objective and explanatory variables. This is because decision trees are
suitable methods for analyzing the relationship between the components of foods, which
are explanatory variables, and the person’s feeling, which is an objective variable. These
relationships can be visualized. Decision trees are versatile machineearning algorithms
that can perform classiﬁcation and regression tasks. They are conventionally believed to
be very powerful algorithms that can ﬁt complex datasets. Additionally, decision trees are
fundamental components of random forests, which are among the most potent machine
learning algorithms available today [17]. There have been several studies on decision
trees. Tso and Yau considered the conventional regression analysis, decision tree, and
neural network to predict electricity energy consumption [18]. Azar and El-Metwally developed decision support systems based on decision tree classiﬁers, which are essential in
medical decision-making [19]. There are other previous studies that focus on analyzing
social problems [20,21]. However, as far as our survey, few previous studies applied decision trees to a person’s feeling [21]. Additionally, applying a decision tree to analyzing
food emotional perception has not been considered. Therefore, in this study, we applied
the decision tree to the objective and explanatory variables described above. The rules
that explain the objective variables were determined using the explanatory variables. To
construct the decision tree, we adopted the CART (Classiﬁcation and Regression Tree)
algorithm. The maximum depth of the decision tree was set to 10 provisionally. Generally, the depth of the decision tree is determined by tuning complexity parameters to
simplify the decision tree. However, we think that the detailed structure of the hamburger is important and visual. Therefore, we did not choose the depth of the decision tree
by tuning complexity parameters. Furthermore, we used R version 4.0.3 to analyze the
acquired data. To prepare the data for analysis, we deﬁne the following parameters.
(j)
Here, Yi d (i = 1, . . . , 50; j = 1, . . . , 66) represents the score(of deliciousness that the
(1)

(2)

(j)

ith participant assigns to the jth hamburger, and vector yd = y1 d , y1 d , . . . , yi d , . . .,
)T
(j)
(66)
is deﬁned. Therefore, yd is a 3300 × 1 vector. Similarly, yi g (i = 1, . . . , 50;
y50 d
(j)

j = 1, . . . , 66) and yi h (i = 1, . . . , 50; j = 1, . . . , 66) are the scores of gorgeousness and
healthiness that the ith participant assigns to the jth hamburger, respectively, and vector
)T
)T
(
(
(1)
(2)
(j)
(66)
(1)
(2)
(j)
(66)
are
and yh = y1 h , y1 h , . . . , yi h , . . . , y50 h
yg = y1 g , y1 g , . . . , yi g , . . . , y50 g
deﬁned.
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Next, xk (k = 1, . . . , 46) is deﬁned as a ﬂag indicating the materials that were used.
(j)
(j)
Here, xk = 1 if the food components are used in the jth hamburger. The meanings of xk
are presented in Table 2. For example, the food components of the 1st hamburger were
labeled as follows: “buns: normal, patty: beef, sauce: ketchup and mustard, topping:
(1)
(1)
(1)
(1)
(1)
pickles”. Therefore, x1 , x4 , x20 , x24 , and x43 were set to 1, and the other parameters
were set to 0. As another example, the food components of the 10th hamburger were
(j)

(j)

Table 2. Deﬁnition of xk . Here, x1 represents “the ﬂag indicating
whether normal buns are used in the jth hamburger or not”.
(j)

x1

Buns

Patty

(j)
x2
(j)
x3
(j)
x4
(j)
x5
(j)
x6
(j)
x7
(j)
x8
(j)
x9
(j)
x10
(j)
x11
(j)
x12
(j)
x13
(j)
x14
(j)
x15
(j)
x16
(j)
x17
(j)
x18

(j)

normal

x19

BBQ

griddle cake

(j)
x20
(j)
x21
(j)
x22
(j)
x23
(j)
x24
(j)
x25
(j)
x26
(j)
x27
(j)
x28
(j)
x29
(j)
x30
(j)
x31
(j)
x32
(j)
x33
(j)
x34
(j)
x35
(j)
x36
(j)
x37
(j)
x38
(j)
x39
(j)
x40
(j)
x41
(j)
x42
(j)
x43
(j)
x44
(j)
x45
(j)
x46

ketchup

with sesame
muﬃn
special
double-buns
shrimp potion

Sauce

sausage
chicken
chicken crisp
teriyaki-chicken
teriyaki-pork
beef
ﬁsh potion
bacon
loin cutlet
ground meat
double-patty

Topping

BK sauce
Big Mac sauce
aurora sauce
mustard
cutlet sauce
creamy sauce
tartar sauce
cheese sauce
teriyaki sauce
mayonnaise sauce
meat sauce
Japanese style sauce
onion
tomato
lettuce
cabbage
jalapeno pepper
avocado
mayonnaise
onion ring
cheese
hash browns
pickles
bacon
egg
onion/lettuce/cabbage is sliced
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labeled as follows: “buns: double-buns with sesame, patty: double beef patty, sauce: Big
(10)
(10)
(10)
(10)
(10)
Mac sauce, topping: sliced lettuce and cheese”. Therefore, x3 , x6 , x13 , x18 , x22 ,
(10)
(10)
(10)
x35 , x41 and x46 were set to 1, and the other parameters were set to 0. We deﬁne the
matrix A consisting of parameter x as follows:

 (1)
(1)
(1)
x1
x2
· · · x46


..
..
.. 
 ..
 .
.
.
. 


 (66) (66)
(66) 
 x1
x2
· · · x46 

A=
 (1)
(1)
(1) 
 x1
x2
· · · x46 


 .
..
..
.. 
 ..
.
.
. 


(66)

x1

(66)

x2

(66)

· · · x46

Here, column k of matrix A consists of the repeated 66 times (i.e., the number of partic(
)T
(1)
(2)
(66)
ipants) of the vector xk , xk , . . . , xk
. Therefore, the dimension of the matrix A is
3300 (= 66 × 50) × 46. We considered yd , yg , and yh , and x as objective and explanatory
variables, respectively. For the decision trees, 80% of data from all hamburgers, BK, Mc,
and Mos were used as training data, and the remaining 20% were used as test data.
3. Results.
3.1. Decision tree of all hamburgers. Figure 1 shows the decision tree of all hamburgers. The decision tree for the feeling of deliciousness for all hamburgers is shown in
Figure 1(a). As shown in Figure 1(a), the participants do not feel that the hamburger
is delicious if the color besides red (e.g., tomato or ketchup) and green (e.g., lettuce and
cabbage) is too much. It means that the hamburger consists of many buns and patties,
with fewer red and green vegetables. Conversely, the participants feel that the hamburger
is more delicious if the hamburger contains moderate amounts of (over 56.504% of the
total area) red and green vegetables. It means that the participants may feel that the
hamburger is delicious if the hamburger contains more than 45% (i.e., 100% − 56.504%)
of red and green vegetables in all areas.
Figure 1(b) shows the decision tree for the feeling of gorgeousness for all hamburgers.
As shown in Figure 1(b), initially, the participants feel that the hamburger is gorgeous if
the buns are with sesame. Next, we consider a hamburger without sesame buns. If the
“ELSE” rate is more than 59.249% (i.e., the hamburger contains many buns and patties,
and contains green and/or R approximately less than 40%), many participants feel that
the hamburger is not gorgeous. For the hamburger with an “ELSE” rate of less than
59.249%, the feeling of gorgeousness depends on whether the green color is more than
0.394% or not. If the green color is more than 0.394%, gorgeousness of the hamburger
depends on whether the mustard is used for the hamburger or not. Conversely, if the
green color is less than 0.394%, gorgeousness of the hamburger depends on whether the
patty is double or not. If the patty of the hamburger is not double, the gorgeousness
depends on whether cheese is used in the hamburger or not.
Figure 1(c) shows the decision tree for the feeling of healthiness for all hamburgers. As
shown in Figure 1(c), if the rate of the green color is less than 1.654%, the participants
feel that the hamburger is unhealthy. They feel that the hamburgers are healthier if the
tomato is used in the hamburgers. In contrast, the participants feel that the hamburgers
are healthier if the rate of the green color is more than 10.827%. Additionally, the
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(b)

(c)

Figure 1. Decision tree for all hamburgers: (a) Deliciousness, (b) gorgeousness, and (c) healthiness
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(a)

(b)

(c)

Figure 2. Decision tree for BK hamburgers: (a) Deliciousness, (b) gorgeousness, and (c) healthiness
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participants feel that the hamburgers are healthier if sliced onion, lettuce, or cabbage
is used in the hamburger.
3.2. Decision tree of BK. Figure 2 shows the decision tree for BK hamburgers. The
decision tree for the feeling of deliciousness for BK hamburgers is shown in Figure 2(a).
As shown in Figure 2(a), the decision tree of deliciousness for BK hamburgers is relatively simple. If the BK hamburger uses bacon as a topping, the participants feel the
BK hamburger is delicious. However, if the BK hamburger uses a topping besides bacon,
participants feel it is less delicious. The deliciousness is the most signiﬁcant diﬀerence
between all hamburger brands in this study.
Figure 2(b) shows the decision tree for the feeling of gorgeousness for BK hamburger.
As shown in Figure 2(b), on average, the score is highest if onions and pickles are used
for the topping, and the rate of color diﬀerent from green and red is less than 33.493%.
Conversely, the score is the lowest if onions are not used for topping, and the sauce is other
than a BBQ sauce. The score tendency when onions and pickles are used for topping and
the rate of color diﬀerent from green and red is less than 33.493% is slightly similar to
when onions are not used for topping, and BBQ sauce and double-patty are used in the
hamburger.
Figure 2(c) shows the decision tree for the feeling of healthiness for BK hamburgers. As
shown in Figure 2(c), the participants do not feel that the hamburger is healthy if lettuces
are not used in the hamburger. Additionally, even if lettuces are used, the participants
do not feel that the hamburger is healthy without tomatoes. In contrast, if the lettuce
and tomato are used in the hamburger, the participants feel the hamburger is healthy if
the rate of the red color is less than 56.771%.
3.3. Decision tree of Mc. Figure 3 shows the decision tree for Mc hamburgers. The
decision tree of the feeling of deliciousness for Mc hamburgers is shown in Figure 3(a). As
shown in Figure 3(a), many participants feel that the hamburger is delicious if lettuces
are used in the hamburgers. Even if lettuces are not used, they feel that the hamburger
is delicious if double patties are used in the hamburger, and buns of the hamburger are
normal. However, the participants do not feel that the hamburger is delicious without
lettuces, double patties, and cheeses.
Figure 3(b) shows the decision tree for the gorgeous feeling of Mc hamburgers. As
shown in Figure 3(b), on average, participants feel the hamburgers are gorgeous when
lettuces are used in the hamburger. In contrast, they do not feel the hamburgers are
gorgeous if lettuces, double patties, and cheeses are not used in the hamburger. Even if
lettuces are not used in the hamburgers, they feel gorgeous if the hamburgers are with
double-patty.
Figure 3(c) shows the decision tree of the feeling of healthiness for Mc hamburgers.
This decision tree is relatively simple. If the rate of G, i.e., green vegetable, is more than
0.19%, participants feel that the hamburger is healthier. This decision tree structure is
quite intuitive and simple.
3.4. Decision tree of Mos. Figure 4 shows the decision tree for Mos hamburgers. The
decision tree for the feeling of deliciousness for Mos hamburgers is shown in Figure 4(a).
As shown in Figure 4(a), if the ELSE rate is less than 59.249%, participants feel the
hamburgers are delicious. If the ELSE rate is more than 59.249%, and the mustard is
not used, the tendency that participants feel that the hamburger is delicious is similar to
when the ELSE rate is less than 59.249%. However, the score decreases if the ELSE rate
is more than 59.249%, and the mustard is used.
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(a)

(b)

(c)

Figure 3. Decision tree of Mc hamburgers: (a) Deliciousness, (b) gorgeousness, and (c) healthiness
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Figure 4. Decision tree of Mos hamburgers: (a) Deliciousness, (b) gorgeousness, and (c) healthiness
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Figure 4(b) shows the decision tree of the gorgeous feeling for Mos hamburgers. As
shown in Figure 4(b), the participants feel the hamburger is the most gorgeous if the
ELSE rate is less than 55.353%. The tendency of the gorgeousness score when the ELSE
rate is less than 59.249% and mustard is used for the patty of the hamburger is the same
as when the ELSE rate is less than 55.353%. The ELSE rate is more than 59.249%,
and chicken is not used for the patty when most participants feel the hamburger is not
gorgeous. It means that most participants feel the hamburger is not gorgeous if red and
green vegetables are used less than about 40%, and the patty is diﬀerent from chicken.
Figure 4(c) shows the decision tree for the feeling of healthiness for Mos hamburgers.
This decision tree appears to be relatively simple. If the rate of G is more than 11.87%,
many participants feel the hamburger is healthy. Additionally, if the rate of R is more
than 22.237%, more participants feel the hamburger is healthy. However, if the rate of G
is less than 5.097%, and meat sauce is not used to the hamburger, many participants feel
the hamburger is unhealthy.
4. Discussion.
4.1. The trends for hamburger brands. First, we consider the trends for all hamburger brands. Note that this study is limited to three hamburger brands; therefore, this
consideration may not appear to be generalizable. The point is that this study focuses
on the eﬀectiveness of the methodology.
For hamburgers as a whole, it seems that the deliciousness and gorgeousness of hamburgers are deﬁned primarily by whether the color of the hamburger is diﬀerent from green
and red. Additionally, the gorgeousness of a hamburger is deﬁned by whether sesame
seeds are used in the hamburger bun or not. It means that the deliciousness and glamour
of a hamburger are deﬁned by whether it contains green or red vegetables, such as lettuce or tomato. Ingredients, such as mustard, double patties, and cheese, seem to aﬀect
the gorgeousness. In terms of health, the percentage of lettuce and other greens and
the presence of tomatoes are essential factors. Additionally, the slices of onion, lettuce,
and cabbage aﬀect the healthiness of the dish. Sliced vegetables appear to have a larger
volume; thus, the presence of sliced onion, lettuce, and cabbage may make them appear
healthier.
Next, we discuss the characteristics of each hamburger brand. For BK hamburger
(Figure 2(a)), it is mainly the presence of bacon that determines the perception of deliciousness. BK is said to have been ﬂame-grilled since its inception and uses real ﬁre to
serve beef patties [23]. Therefore, BK is thought to be particular about its meat, and
the results in Figure 2(a) may represent this. For the gorgeousness, the onion plays an
essential role in determining the gorgeousness (Figure 2(b)). This could also be said to
be a characteristic of BK’s hamburger. For Mc and Mos, the color of the hamburger,
including green vegetables, plays an essential role in making it gorgeous. However, for
BK, the percentage of green is related to the second node in the decision tree of BK. Since
BK is particular about beef patties [23], it is interesting to note the inﬂuence of green
vegetables instead of meat on the gorgeousness of BK. For healthiness, the BK hamburgers tend to be healthy if lettuces and tomatoes are used for vegetables. However, people
feel the BK hamburgers are unhealthy if too much red color is used. Therefore, for the
BK hamburgers, it is true that the green and red vegetable deﬁnes healthiness. However,
the balance of red vegetables (tomato) is important for the healthiness.
For Mc, Figures 3(a) and 3(b) show that people do not ﬁnd Mc’s burgers delicious and
gorgeous if lettuces are not used. For deliciousness, the score tends to be higher when
lettuce and bacon are used in the ingredients or when double patties are used for the
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patties, even if lettuce is not used. Therefore, people seem to ﬁnd Mc hamburgers with
lots of meat to be delicious. Additionally, people tend to ﬁnd it more delicious if the bun
is not normal, and the patties are doubled without lettuces. It means that the patties,
vegetables, and buns determine the taste of the hamburger. For gorgeousness, it seems
that part of the tree structure is similar to that of deliciousness, and people tend to ﬁnd
a hamburger tastier if lettuce is used or if the patties are double. Finally, for healthiness,
the structure is very simple. If a lot of green vegetables are used, people tend to feel that
it is healthy.
For Mos, Figures 4(a) and 4(b) show that if the percentage of ELSE is low, i.e., the
hamburgers are perceived as delicious and gorgeousness if a lot of green and red vegetables
are used. Therefore, the volume of green and red vegetables determines the deliciousness
and gorgeousness of the Mos hamburgers. This tendency is related to healthiness. The
feeling about the Mos hamburgers depends on the volume of red and green color. It
suggests that ingredients and toppings have a slight eﬀect on the sensation. It is said that
Mos has many hamburgers used as vegetables [24]. The results shown in Figure 4 may
conﬁrm this.
4.2. Adequacy of the decision tree. For verifying adequacy of the decision tree model,
the accuracy rate of the result of estimation by the decision tree model of each hamburger
brand and actual value for deliciousness, gorgeousness, and healthiness are evaluated. The
20% test data were used to verify the adequacy. The result is shown in Table 3.
Table 3. Adequacy of the decision tree
All
Mc
BK Mos
Deliciousness 0.403 0.344 0.370 0.405
Gorgeousness 0.438 0.452 0.400 0.471
Healthiness 0.506 0.556 0.490 0.443
As shown in Table 3, the accuracy is between 0.344 and 0.556. Therefore, the decision tree represents (at most) only 50% of the explanatory power for the deliciousness,
gorgeousness, and healthiness of the original hamburger. For the feeling about the deliciousness, gorgeousness, and healthiness of the hamburger, the decision tree of healthiness
seems to have relatively high accuracy. This is because the feeling about healthiness mainly depends on the color of the hamburger, and people are instructed that “green and red
vegetable is healthy”. Therefore, the structure of the decision tree tends to be simple,
and the adequacy of healthiness is relatively high value.
However, the accuracy of the decision trees for deliciousness and gorgeousness was
low. This may be because sensations related to deliciousness and taste cannot be simply
explained by the contents examined in this paper, such as the types of buns and toppings
and the color of the hamburger. The decision tree is also of insuﬃcient structure because
there were not enough explanatory variables. The small number of participants may be
due to the low accuracy. However, the result of decision tree is adequate because this
is approximately related to our sensitivity, and the method introduced in this paper,
decision tree based on sensory evaluation, seems to be eﬃcient to explain how person
feels the deliciousness, gorgeousness, and healthiness to the hamburgers.
5. Conclusion. In this study, we proposed a method to verify and visualize how people
feel about a hamburger based on a decision tree. We elucidated the characteristics of three
diﬀerent hamburger chains and the factors that make people consider the hamburger to be
delicious, gorgeous, and healthy from the perspective of the hamburger components. We
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believe that the proposed method can be applied in marketing to developing a strategy
for preparing hamburgers that appeal to the senses and perception of the consumer.
However, our analysis is limited to three hamburger chains. Therefore, to apply this
method to other hamburger chains, we need to generalize this approach. Additionally,
we consider more proper explanatory variables and construct a decision tree based on
these more proper explanatory variables. We also must perform a sensory evaluation on
more people, especially women, and it is desirable to ﬁnd gender diﬀerences in perception.
These issues will be addressed in future studies.
Acknowledgment. The author sincerely thanks Mr. Shun’ya Yamazaki and Mr. Junki
Yanagida for helping out with the experiment.
REFERENCES
[1] Y. Nakagawa and R. Nakao, The inﬂuence of food colors over the gusto: The gusto evaluation of the
food colors by natural coloring, Academic Research Results of Yamanashi Gakuin, vol.30, pp.1-6,
2010 (in Japanese).
[2] M. Ichikawa, J. Seki, S. Wang and M. Higgins, Visual volume and height of food aﬀect our appetite,
Kansei Engineering International, vol.6, no.1, pp.13-20, 2006.
[3] C. Spence, Background colour & its impact on food perception & behaviour, Food Quality and
Preference, vol.68, pp.156-166, 2018.
[4] K. Okajima and C. Spence, Eﬀects of visual food texture on taste perception, i-Perception, vol.2,
no.8, DOI: 10.1068/ic966, 2011.
[5] K. Okajima, J. Ueda and C. Spence, Eﬀects of visual texture on food perception, Journal of Vision,
vol.13, no.9, DOI: 10.1167/13.9.1078, 2013.
[6] S. Sakurai, T. Narumi, Y. Ban, T. Tanikawa and M. Hirose, Aﬀecting our perception of satiety
by changing the size of virtual dishes displayed with a tabletop display, in Augmented and Mixed
Reality. Systems and Applications. VAMR 2013. Lecture Notes in Computer Science, R. Shumaker
(ed.), Berlin, Heidelberg, Springer, 2013.
[7] B. Piqueras-Fiszman, A. Giboreau and C. Spence, Assessing the inﬂuence of the color of the plate
on the perception of a complex food in a restaurant setting, Flavour, vol.2, no.1, pp.1-11, 2013.
[8] H. Samuel, Le Burgernow Top Selling Dish in French Restaurants, New Study Reveals, https://
www.telegraph.co.uk/news/worldnews/europe/france/12188014/Le-burger-now-top-selling-dish-inFrench-restaurants-new-study-reveals.html, Accessed on 26 January 2021.
[9] A. R. Ferdman, The Only Meat Everyone Can’t Stop Eating, https://www.washingtonpost.com/
news/wonk/wp/2016/03/15/the-incredible-thing-about-hamburgers/, Accessed on 23 June 2021.
[10] Statista Average Purchase per Person per Week of Burgers Eaten out in the United Kingdom
(UK) from 2006 to 2017/2018, https://www.statista.com/statistics/284584/eating-out-weeklyconsumption-of-burgers-in-the-united-kingdom-uk/, Accessed on 23 June 2021.
[11] Burger King, Burger King Homepage, https://www.bk.com/, Accessed on 23 June 2021.
[12] Food & Wine, World’s Largest Fast Food Chains, https://www.foodandwine.com/lifestyle/worldslargest-fast-food-chains, Accessed on 23 June 2021.
[13] Gurunavi Japan’s Largest Gourmet & Restaurant Guide, https://r.gnavi.co.jp/brand/90cdd363/,
Accessed on 23 June 2021 (in Japanese).
[14] Shinma, I’ll Tell You What I Need: Hamburger Chain Outlet Number Best, https://blog.shinma.
tokyo/entry/2016/07/21/180731, Accessed on 23 June 2021 (in Japanese).
[15] Mos Burger, Mos Burger Homepage, https://www.mos.co.jp/company/ir/ﬁnance results/0301/, Accessed on 23 June 2021 (in Japanese).
[16] K. Nishizumi, Detection of Red, Green and Blue Color (on HSV Model), https://algorithm.joho.
info/programming/python/opencv-color-detection/, Accessed on 23 June 2021.
[17] GURU99, Decision Tree in R: Classiﬁcation Tree & Code in R with Example, https://www.guru99.
com/r-decision-trees.html, Accessed on 23 June 2021.
[18] G. K. F. Tso and K. K. W. Yau, Predicting electricity energy consumption: A comparison of
regression analysis, decision tree and neural networks, Energy, vol.32, no.9, pp.1761-1768, 2007.
[19] A. T. Azar and S. M. El-Metwally, Decision tree classiﬁers for automated medical diagnosis, Neural
Computing and Applications, vol.23, nos.7-8, pp.2387-2403, 2013.

INT. J. INNOV. COMPUT. INF. CONTROL, VOL.18, NO.2, 2022

359

[20] T. Chen, M. Wu and C. Zhang, Fatality rate analysis of major and extraordinary road traﬃc accidents
based on C4.5 decision tree algorithm, ICIC Express Letters, Part B: Applications, vol.10, no.7,
pp.619-625, 2019.
[21] B. Yeo and D. Grant, Predicting service industry performance using decision tree analysis, International Journal of Information Management, vol.38, no.1, pp.288-300, 2018.
[22] S. S. Kim, D. J. Timothy and J. Hwang, Understanding Japanese tourists’ shopping preferences
using the decision tree analysis method, Tourism Management, vol.32, no.3, pp.544-554, 2011.
[23] Burger King, Burger King Homepage: Our Burgers, https://www.burgerking.co.nz/food-quality/
our-burgers, Accessed on 23 July 2021.
[24] Mos Burger, Mos Burger Homepage: Development of Soy Patty, https://www.mos.jp/cp/interview/
soypatty/, Accessed on 23 July 2021 (in Japanese).

Author Biography
Toshiya Arakawa received the B.Sc. decree from Waseda University, 2001;
the M.Sc. degree from the University of Tokyo, 2003; the Ph.D. degree from
SOKENDAI, the Graduate University for Advanced Studies, 2012; he worked at
Fuji Heavy Industries, LTD. from 2003 to 2013, and Aichi University of Technology,
Japan, as the professor from 2013 to 2021.
Prof. Arakawa is currently a full-time professor at the Nippon Institute of Technology, Japan. His main research interests include the human factors while autonomous
driving and application machine learning and statistics to social problems. He has
published over 50 papers on well-known journals.

