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Abstract 

 

Article History: 
 The classification is one of the essential tools used in medical statistics 

to classify the nutritional status of children under five years. A good 

nutritional status is necessary for children's health and has a 

sicnificant role in the child's normal development. Likewise, poor 

nutritional status is considered a serious disease for this age group 

and needs attention from child health specialists. Doctors face great 

difficulty in determining the nutritional status due to the state of 

uncertainty in the incidence of this disease or the ambiguity in the 

variables and characteristics of that phenomenon. The fuzzy sets 

theory was applied to classify the nutritional status of children under 

the age of five years using fuzzy logic, where the fuzzy decision tree 

method was employed, and a tree was created for each age group 

(male, female) based on the linguistic variables (weight, height), and 

body mass index for the classification categories .In this study, the 

nutritional status of children was classified and the groups were 

identified more accurately to reduce the chances of misdiagnosis and 

provide them with more accurate appropriate treatment to improve the 

health level of children to build a more immune society with a good 

health level. 

    The study dealt with a sample of (16487) Iraqi children under 5 

years of age, the number of males (8427) and the number of females 

(8060), divided according to age into 12 categories or groups. The 

results showed the age groups She was of normal weight in varying 

proportions. 
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Introduction  
The state of nutrition in children has attracted the attention of many researchers in the world 

and different societies to show the growth of those societies with regard to the category of children, 

which is the basic foundation for building society. The state of malnutrition is represented as a 

problem that some of these societies suffer from, while other societies do not suffer from that 

problem, and this happens as a result of the political, economic and social conditions that those 

https://doi.org/10.55562/jrucs.v56i1.2
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societies are going through. Great on the social and health level, so we study the nutritional status of 

Iraqi children for the year 2018. 

 Due to the importance of this topic, many researchers presented various studies such as the 

study (Suca, 2016) which developed a new fuzzy model to predict obesity in children between the 

ages of (6-17) years using a fuzzy decision tree based on indicators of weight, age, and the index of 

fat percentage. In the f body fat (BF) and then used as measures of obesity cases. A fuzzy model 

was developed to be used as an indicator of obesity in the medical field [11]. (Permatasari, 2017) 

classified the nutritional status of children using the fuzzy inference system (FIS), where the 

Mamdani method was applied, and he developed nine rules that were deduced and produced the 

classification of nutritional status [8]. (Wulandari, 2018) assessed the nutritional status of children 

and used the fuzzy inference system for decision-making and determining the nutritional status of 

children. Two methods were used in fuzziness, which are the (Mamdani) method and the 

(Tsukamoto) method, and a comparison was made between the two methods [14]. The study of 

Muhammad (2020) focused on evaluating the nutritional status of children in Iraq under 5 years of 

age for the year 2018 and compared the results with the results of 2006 and concluded that there 

was an improvement in the nutritional status of children [10]. (Irmalia, 2022) built a system that can 

automatically determine the BMI value and category using fuzzy logic to maintain nutritional 

status, and tested Body mass index BMI where 5 adjectives were taken into the system (very lean, 

lean, normal, heavy, obese) were identical to manual calculations [3].  (Hussein & Mohammad, 

2023) build a fuzzy classification system for classifying the nutritional status of children under 5 

years old in Iraq using the Mamdani method based on input variables such as weight and height to 

determine the nutritional status of the child.[4]   In this research which differs from previous 

studies, children under 5 years old in Iraq were classified using fuzzy decision tree,  

Malnutrition is one of the main problems in developed countries. Several factors explain 

why malnutrition is widespread in children with low birth weight, inadequate nutrients, the 

prevalence of infectious diseases, lack of breastfeeding, and inadequate child care. Malnutrition is 

known to be a contributing factor to disease and death. In the developing world, malnutrition affects 

nearly 800 million people, more than 340 million children under five years of age. More than six 

million of these children die each year due to malnutrition. The majority of the world's population 

lives in countries where overweight and obesity kill more lives than underweight. 

The segment of children under 5 years is considered an important segment of society, as it is 

considered the nucleus of society because in the future it will be one of the important pillars society. 

Our study of this segment through the nutritional status and classification of children under 

5 years of age to determine the categories or categories accurately, so we used classification 

techniques using fuzzy groups to classify Iraqi children according to their nutritional status to set 

limits and distinguish between categories according to the nutritional status of the child and the 

levels of those who suffer from malnutrition. 

The study aims to conduct a classification of children according to nutritional status in order 

to identify those who are at risk and need assistance to meet the nutritional needs of children 

according to the World Food Program. It is necessary to have organizations that can provide 

nutritional needs to supply them with the provide nutritional needs in order to provide them with the 

appropriate type of assistance. 

 In this research, we build a fuzzy decision tree for each age group and males and females to 

derive classification rules from the fuzzy decision tree in order to classify Iraqi children under 5 

years of age according to nutritional status based on linguistic variables (weight and height) as input 

variables, while classification categories (outputs) are indicators. 

Theoretical Concepts 
Fuzzy Set Theory 

In 1965, Professor Lutfi Zadeh presented the theory of fuzzy sets, which is a method for 

dealing with cases of uncertainty or ambiguity, and applied (Zadeh) multi-valued logic and put the 

term fuzzy logic, where the fuzzy group is characterized by the affiliation function, which takes 
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values between [0, 1]. The general formula for expressing fuzzy sets is to represent them in the 

form of ordered pairs. 

                (1) 

Where the first term represents the element in the group, and the second term represents the degree 

of belonging of the element to the group [1]. 
  

Decision Tree Fuzzy 
Decision tree definition: They are tree-like structures whose aim is to create a mathematical 

model that contains branches that lead to the best decision-making. The decision tree simulates 

human thinking, making it easy to understand.[17] As for the FDT Fuzzy Decision Tree, it 

represents the decision tree that was employed in the Fuzzy Set Theory to deal with uncertainty,[12] 

Each FDT node is characterized by a fuzzy group instead of a deterministic group i.e.,[7] the 

deterministic values used to divide the decision nodes are replaced by fuzzy values.[2] 

The following is the theoretical basis of a fuzzy decision tree algorithm based on 

classification fuzziness. With fuzzy sets, they provide the basic mathematical framework for dealing 

with ambiguity and uncertainty.[5] 

Suppose that A represents a fuzzy set defined on the universal set U with affiliation functions 𝜇A 𝑢  

for u ∈ U. So, the measure of the group affiliation function is There was a normal distribution of the 

variable Y defined on X   x1 x2 . . .  xn  The ambiguity of the variable Y is defined as the 

following: 

Definition 1: Ambiguity arises in circumstances in which there are two or more choices so 

that the choosing between them is left undetermined. Ambiguity can be measured as follows:[5] 

Ea Y   g 𝒫   ∑ 𝒫i
∗  −  𝒫i:1

∗   ln  i

n

i<1

    (2) 

 

Where: 𝒫∗   𝒫1
∗ 𝒫2

∗ . . .  𝒫n
∗ represent permutations of the probability distribution                          

𝒫   𝒫 x1  𝒫 x2  . . .  𝒫 xn   And 𝒫i
∗ ≥ 𝒫i:1

∗   From above Ea Y ≥ 0 If                                  

Ea Y  0      then     𝒫2
∗  0 Indicates that there is no ambiguity because only one value is possible 

for Y  if 𝒫n
∗  1, Ea Y  ln n  Which indicates that all values are perfectly possible for Y, and 

also represents the largest available ambiguity. 

In order to measure the fuzzy A value of the affiliation function is set 

 𝜇T1
 ui  𝜇T2

 ui  . . .  𝜇Ts
 ui   For any variable in the fuzzy set T A  T1 …  Ts, the fuzzy 

distribution probability of A can be obtained as shown in the following formula:[15] 

𝒫Ts
 ui  𝜇Ts

 ui / max
1 ≤ j ≤ s

 𝜇Tj
 ui       s

 1 . . .  S                                                                                      
(3) 

 

Thus, fuzziness can be measured for each ui view as follows [15] 

Ea   ui   𝑔 𝒫𝑇 𝑢𝑖      (4) 
 

The blur measurement formula can be obtained according to the following formula:[15] 

Ea    
1

𝑚
 ∑Ea   ui  

𝑚

𝑖<1

    (5) 

 

The concept of the fuzziness rule and the level of confidence takes the following form: “IF A 

THEN B” where the fuzziness relationship is defined from the fuzzy conditional group (A) to the 

conclusion of the fuzzy group B[1]. So we need to determine the validity of the rule using the 

concept of confidence level and it can be measured by definition 2. 

Definition 2: The degree of truth or the level of reality of the fuzzy rule is measured by the 

following S (A, B) law, in which A is a fuzzy subset and B is a part of it.[16] 

 

𝑆   𝐵   
    ∩ 𝐵 

    
   

∑ 𝑚𝑖𝑛 𝜇𝐴 𝑢  𝜇𝐵 𝑢  𝑢∈𝑈

∑ 𝜇𝐴 𝑢 𝑢∈𝑈
    (6) 
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In a classification problem the fuzzy evidence is a conditional fuzzy subset defined on the superset, 

which represents the linguistic values that one or more adjectives take on.[13] 

Definition 3: Depending on the fuzzy evidence E, the probability of classifying things into 

classes or classes can be defined according to [9] 

𝒫 𝐶𝑖|𝐸   𝑆 𝐸 𝐶𝑖  / max
𝑗

𝑆 𝐸 𝐶𝑗     (7) 

Where 𝑆 𝐸 𝐶𝑖  is degree of realism 

By knowing the set of fuzzy evidence, classification fuzziness with fuzzy parts can be defined as 

follows: 

Definition 4: The fuzziness of the classification with the fuzzy parts P   E1 . . .  Ek  The 

fuzzy index F is denoted by G(P|F) and is called the weighted average of the classification fuzziness 

with each subset of the parts which define as [16] 

G P|F  ∑w Ei|F 

k

i<1

G Ei ∩ F      (8) 

 

Where   G Ei ∩ F  Classification is ambiguous with hazy evidence Ei ∩ F, and w Ei|F  The weight 

represents the relative size of the subgroup and is given by the following relation [16] 

w Ei|F   M Ei ∩ F / ∑M Ei ∩ F 

k

j<1

     (9) 

 

Overlapping of linguistic boundaries may lead to high classification ambiguities. Ambiguity in the 

classification of objects depends on the values of the affiliation function with respect to the 

evidence. Here the evidence is strong if the affiliation function exceeds a certain significant 

level.[9] 

Definition 5: Given the values of the affiliation functions of the fuzzy index observations E, 

the fuzzy index 𝐸𝛼 can be defined at the level of significance α with the affiliation functions as:[13] 

𝜇𝐸𝛼
 𝑢  {

𝜇𝐸 𝑢       𝑖𝑓  𝜇𝐸 𝑢 ≥ 𝛼
0              𝑖𝑓  𝜇𝐸 𝑢 < 𝛼

     (10) 
 

Classification ambiguity with fuzzy partitioning is calculated at the level of significance α, as it 

provides the level of significance α that is imposed, to reduce the ambiguity in the parts. The steps 

of the process of creating a decision tree will be mentioned on the practical side with the data. 
 

Case Study 
The applied side is concerned with classifying the nutritional status of Iraqi children under 5 

years of age, based on the data obtained through the Multiple Indicator Statistical Survey, which is 

MICS6, which was conducted in 2018 by the Central Statistical Organization in Iraq, in cooperation 

with the Ministry of Health and the World Health Organization. Data was collected on (16689) 

children under the age of 5 years, including (8532) males and (8157) females. Table (1) shows the 

data divided into (12) age groups according to the age variable.[4] The variables studied to classify 

the nutritional status are the weight of the child as a linguistic variable and symbolized by the 

symbol (X) and its linguistic limits (x1 represents Scrawny, x2 represents Light, x3 represents 

normal, x4 represents Obese, x5 represents very Obese), and the variable of child height as a 

linguistic variable and symbolizes it By the symbol (Y) and its categorical boundaries (y1 represents 

Stunting, y2 represents short, y3 represents normal, y4 represents tall, y5 represents very tall) (input 

variables) and classification categories BMI and its categorical boundaries (Z1 malnutrition, Z2 

underweight, Z3 normal, Z4 is overweight, Z5 is obese) (Output variable). 
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Table 1: It represents a description of the 2018 Iraq Children data 

Set Age Female Male Sum 

Set1 Less than 2 Months 228 239 467 

Set2 Less than 4 Months 296 323 616 

Set3 Less than 6 Months 314 272 586 

Set4 Less than 8 Months 268 292 563 

Set5 Less than 10 Months 268 292 563 

Set6 Less than 12 Months 233 247 453 

Set7 Less than 16 Months 554 546 1133 

Set8 Less than 20 Months 524 579 1133 

Set9 Less than 24 Months 477 537 984 

Set10 Less than 3 years 1498 1613 3138 

Set11 Less than 4 years 1786 1839 3595 

Set12 Less than 5 years 1644 1714 3358 

Sum 8363 8427 16487 

Missing observations and recording errors 97 135 232 

Sum 8157 8532 16689 
 

The fuzzy decision tree method for classifying the nutritional status of children is carried out 

in four main steps sequentially, as follows: 

Step1: Fuzzification  

In fact, fuzzifying is a conceptual process that people often use to reduce information 

overload in the decision-making process [13]. 

The construction of affiliation functions is according to the age groups, where in the first year it is 

every two months (6 functions), in the second year every four months (3 functions), the third, fourth 

and fifth years for each year is indicative. And fuzzing the data (inputs and outputs) using the 

trigonometric affiliation function, the L function, and the R function. In our current study, the 

criteria for classifying children will be chosen according to nutritional status based on the tables of 

the World Health Organization [6]. The fuzzing functions of the Y variable for the age group less 

than two months for males are as follows: 
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Figure (1) represents the function of belonging to the variable of height according to the data 

of the nutritional status of Iraqi children of less than two months of age : 
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Figure 1. represents the affiliation functions of the length variable. 

Where the horizontal axis is the input value that is the length variable, while the vertical axis is the 

degree of belonging to the input value of the length variable, and in order to apply fuzzy functions 

to the X variable for the age group less than two months for males, the following: 

𝜇𝐴       3.4 3.9   {

1                         3.4

 
3.9 ;   

3.9  ; 3.4
           3.4  <  <  3.9

0                    ≥ 3.9

                     

𝜇𝐴        3.4 3.9  4.5    

{
 
 

 
 

0                         3.4

     
  ;  3.4

3.9 ; 3.4 
          3.4  <     3.9

     
4.5 ;   

4.5 ; 3.9
           3.9  <  <  4.5

0                   ≥  4.5

         

𝜇𝐴 3      3.9  4.5  5.1   

{
 
 

 
 

0                          3.9

     
  ;  3.9

4.5 ; 3.9 
          3.9  <     4.5

     
5.1 ;   

5.1 ; 4.5
           4.5  <  <  5.1

0                   ≥  5.1

                    

𝜇𝐴 4       4.5  5.1 5.8   

{
 
 

 
 

0                          4.5

     
  ;  4.5

5.1 ; 4.5 
          4.5  <   5.1

     
5.8 ;   

5.8 ; 5.1
           5.1  <  < 5.8

0                   ≥  5.8

                 

𝜇𝐴 5      5.1 5.8   {

0                         5.1

 
  ;  5.1

5.8 ; 5.1 
          5.1  <  < 5.8

1                   ≥  5.8

                   

Figure (2) represents the function of belonging to the weight variable according to the 

nutritional status data of children in Iraq for less than two months of age: 

 
Figure 2.  represents the affiliation functions of the weight variable. 

Where the horizontal axis is the input value that is the weight variable, while the vertical axis is the 

degree of belonging to the input value of the weight variable, to apply fuzzing functions to the Z 
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variable, which represents the body mass index (classification categories) for the age group less 

than two months for males, as follows: 
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Figure (3) represents the function of belonging to the body mass index variable according to the 

nutritional status data of Iraqi children less than two months old: 

 
Figure 3.  represents the functions of belonging to the BMI variable. 

Where the horizontal axis is the input value that is the BMI variable, while the vertical axis is the 

degree of belonging to the input value of the BMI variable, in the same way the rest of the age 

groups, males and females, are fuzzed based on the tables of the World Health Organization [6]. 

Before starting the stimulation process, the values of the significant level of fuzzy evidence 

α and a threshold for the level of realism β should be assumed [13]. In our study, a significant level 

of fuzzy evidence (α = 0.1) was chosen to filter out the unimportant fuzzy evidence, i.e. affiliations 

less than 0.1 are neglected and replaced with zero. This is because our study is concerned with the 

nutritional status of children, i.e. it is concerned with human and child health in a special case, and 

the threshold parameter was chosen for the level of realism (β = 0.9) for a larger decision tree and 

higher classification accuracy. The process of triggering a decision tree consists of the following 

steps: 

Step A: Measuring the classification ambiguity associated with each trait and identifying the trait 

that has the smallest classification ambiguity and is treated as the root node [17]. The results are 

shown in Table (2), it was found that weight X is the least ambiguity for all age groups and for 
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males and females, in this case Weight X is a root node in the fuzzy decision tree for all age groups, 

males and females, and has five Branches namely ( ). 
 

Table 2:  represents the classification ambiguity values for the variable weight (X) and height 
(Y) for males and females and according to age groups. 

Age 
Male Female 

X Y X Y 

Less than 2 Months 0.74398 1.12042 0.78040 0.88056 

Less than 4 Months 0.73098 1.15944 0.70596 0.96728 

Less than 6 Months 0.72003 1.07460 0.75386 0.91906 

Less than 8 Months 0.79809 1.04243 0.73331 0.88716 

Less than 10 Months 0.80296 1.04300 0.76206 0.88353 

Less than 12 Months 0.75900 1.00817 0.63647 0.88068 

Less than 16 Months 0.85502 1.02771 0.84087 1.04562 

Less than 20 Months 0.83614 1.00789 0.81854 1.01880 

Less than 24 Months 0.82116 1.05092 0.83240 0.96961 

Less than 3 years 0.86747 0.92820 0.83934 0.93769 

Less than 4 years 0.76374 0.88287 0.74611 0.82109 

Less than 5 years 0.71288 0.73785 0.67693 0.72358 
 

Step B: We calculate the level of realism of the classification for all views within the branch and for 

all categories. If the Reality level of the classification in a unit of the computed classes gives greater 

than the Reality level threshold parameter β, then we terminate the branch as a Node Leaf [17] But 

if it is less than the threshold parameter, the level of realism β, then we go to step c. Table (3) shows 

the results obtained when calculating the level of realism in the first branch, X1, for males and for 

all age groups. It is less than the threshold for the level of realism β = 0.9. In the same way, the rest 

of the branches are calculated for males and females. From the results obtained, it became clear that 

the results of the level of realism for all branches of the root node X (X1, X2, X3, X4, X5) do not end 

with a leaf because it is less than the threshold level parameter β = 0.9, except for the last branch X5 

less than five years at the classification category Z5 score was 0.911 from the threshold level 

parameter 0.9, in which case the branch in this category ends with a paper titled (Obesity) Z5. 
  

Table 3:  represents the values of the level of realism for the first branch X1 for males and for 

all age groups. 
Male S (x1, z1) S (x1, z2) S (x1, z3) S (x1, z4) S (x1, z5) 

Less than 2 Months 0.62403 0.22376 0.08960 0.07645 0.06396 

Less than 4 Months 0.57824 0.30169 0.13838 0.07269 0.04163 

Less than 6 Months 0.56635 0.37820 0.14521 0.02920 0.03856 

Less than 8 Months 0.56238 0.32669 0.20599 0.02578 0.02574 

Less than 10 Months 0.50376 0.28848 0.23256 0.10857 0.01878 

Less than 12 Months 0.25887 0.39976 0.31128 0.14352 0.07071 

Less than 16 Months 0.37538 0.30308 0.32402 0.12687 0.02734 

Less than 20 Months 0.25078 0.37207 0.39208 0.18929 0.02920 

Less than 24 Months 0.28930 0.32621 0.36704 0.13607 0.07187 

Less than 3 years 0.13568 0.26889 0.42444 0.27528 0.07613 

Less than 4 years 0.16516 0.37671 0.44994 0.18655 0.03539 

Less than 5 years 0.19044 0.43741 0.42763 0.13438 0.02320 

Step C: If the level of realism computed in step b is less than the threshold parameter level of 

realism β in this case, we check if the added variable will increase subdivision and further reduce 

classification ambiguity. In this case, we compute the classification ambiguity for each branch of 

the root node and then we install it as a fuzzy index and compute the classification ambiguity with 

the other fuzzy parts (the language boundary of the length variable Y) to define a decision node 

[17]. Table (4) shows the measurement of ambiguity in the first branch x1and the measurement of 

1 2 3 4 5, , , ,X X X X X
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classification ambiguity for the added variable Y after that if x1 is installed as a fuzzy guide for 

comparison between them in order to choose the added variable of length as a decision node or 

install the branch x1 as a corridor for all age groups and for males and females. In the same way, 

ambiguity is measured for the rest of the branches (x2, x3, x4, x5). 
 

Table 4:  represents the results of measuring the ambiguity of the branch x1 and measuring 

the ambiguity of the added variable classification Y. 

Age 
Male Female 

G(X1) G(Y/X1) G(X1) G(Y/X1) 

Less than 2 Months 3.3649 3.4533 3.4991 3.7424 

Less than 4 Months 3.5139 3.7388 3.4131 3.5172 

Less than 6 Months 3.5979 3.6318 3.8193 3.7368 

Less than 8 Months 3.5746 3.7137 3.4192 3.6129 

Less than 10 Months 3.6544 3.6993 3.5647 3.5939 

Less than 12 Months 3.9451 3.7273 3.8689 3.7746 

Less than 16 Months 1.3392 3.7345 3.9787 3.8439 

Less than 20 Months 1.3726 3.7246 1.1366 3.7793 

Less than 24 Months 1.3863 3.7792 1.3429 3.7493 

Less than 3 years 3.8384 3.7373 3.8499 3.7576 

Less than 4 years 3.8716 3.6973 3.8635 3.7231 

Less than 5 years 3.9544 3.7982 3.7711 3.7289 
 

 

Figure 4.  shows the fuzzy decision tree of the age group less than two months for males. 

We compare the classification ambiguity of the branch G(x) and the classification ambiguity 

of the added variable G(Y/x). With the classification categories according to equation (6) and we 

choose the largest level of realism, (for example in Table (4) at the age group less than 12 months 

for males, we note that G(Y/x1) is less than G( 1) at branch x1 in this case the length becomes Y 

decision node and it has five branches ( 1  2  3  4  5). We calculate the level of realism at each 

branch according to equation (6) with the classification categories, and we choose the highest level 

of realism even if it is less than the threshold of the level of realism β = 0.9 and it is the title of the 

paper But if the opposite is G(Y/x) greater than G(x), then we end this section as a paper that is 

titled according to one category with the highest level of realism calculated in Table (4) (for 

example in Table (4) When the age group is less than 2 months for males, we note that G(x1) is less 

than G(Y/x1). In this case, the added variable does not reduce the ambiguity of the classification. 

We return to Table (3) and choose the highest level of realism. From the results, we note that the 

highest A level of realism at the first category. In this case, the section ends with a paper entitled 
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Malnutrition (Z1). In the same way, calculations are made for all branches until a fuzzy decision tree 

is created for all age groups of males and females,Figure (4) shows the fuzzy decision tree after 

making calculations for all branches of the age group less than two months for males. 

Step3: Converting the decision tree into a set of rules  

Each branch path from the root node to the leaf node can be transformed into a rule with a 

condition part representing the traits on the branches passing from the root to the leaf and the 

conclusion part representing the category in the leaf with the highest level of truth in the taxonomy 

[13]. To clarify this, the following fuzzy rules for the fuzzy decision tree were created for males for 

the age group less than two months (as shown in Figure (1)). In the same way for all age groups, 

males and females. 

 

 

 

 
 

Step 4: Applying fuzzy rules for classification 

In the Fuzzy Decision Tree (FDT), several paths (rules) can be applied to one individual at 

the same time, and thus the individual can be classified into different categories to different degrees. 

The following steps must be performed [9] 

1: We calculate the affiliation for each individual based on his characteristics for the conditional 

part of each track (rule). The affiliation of the conclusion (classification to a class) will be 

associated equal to the affiliation of the condition. 

2: When applying two or more rules to classify an individual in the same category with different 

affiliations, we take the maximum as affiliation in the category. 

3: The individual can be classified into several categories with different degrees, based on the 

affiliation computed in Step 2. 

After performing the step Applying fuzzy rules for classification 4, the results were obtained in 

Table (5). 
 

Table 5.  Results of classification of the nutritional status of Iraqi male children for the age 

group less than 2 months 
S. X Y Result of class. 

1 4.80 36.00 Z1 Malnutrition 

2 9.30 52.40 Z5 Obesity 

3 5.40 41.20 Z1 Malnutrition 

          
232 3.90 60.70 Z5 Obesity 

232 2.50 50.10 Z1 Malnutrition 

232 2.60 51.80 Z1 Malnutrition 
 

Table (5) shows the weight and height of the child less than 2 months old, and the nutritional 

status classification using the fuzzy decision tree method, and so on for the rest of the age groups, 

males and females. 
 

Discussion of Results 
After applying the fuzzy decision tree method to all age groups of males and females, the 

final results shown in two tables (6,7) were reached. 
  

 

 

 

 

 

 

1 1
1 :               R IF X is x THEN Z is z

2 1 1
2 :                        R IF X is x AND Y is y THEN Z is z

5 5
17 :               R IF X is x THEN Z is z
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Table 6:  Results of preparing children classified according to nutritional status for all age 

groups of males. 
Age Malnutrition Underweight   Normal Overweight   Obesity 

N Per  %  N Per  %  N Per  %  N Per  %  N Per  %  

Less than 2 Months 78 32.6 33 12.6 62 25.9 25 13.4 44 18.4 

Less than 4 Months 131 31.6 64 23.3 81 25.3 43 13.4 31 9.7 

Less than 6 Months 68 25.3 63 23.2 83 33.5 33 12.1 25 9.2 

Less than 8 Months 53 17.1 48 16.4 84 28.8 54 18.5 56 19.2 

Less than 10 Months 73 25.3 62 21.2 57 19.5 83 27.4 23 6.8 

Less than 12 Months 22 8.9 75 33.4 62 25.1 73 28.3 18 7.3 

Less than 16 Months 152 27.8 64 11.7 219 43.1 82 15.3 29 5.3 

Less than 20 Months 84 14.5 184 31.8 221 38.2 33 5.7 57 9.8 

Less than 24 Months 99 19.5 135 23.7 222 43.8 37 7.3 44 8.7 

Less than 3 years 212 13.2 589 36.6 693 42.9 71 4.4 48 3.3 

Less than 4 years 227 12.5 438 24.2 844 46.7 261 14.4 39 2.2 

Less than 5 years 156 9.1 492 28.7 941 54.9 94 5.5 31 1.8 
 

Table (6) shows the number of male children for each category of nutritional status and the 

percentage of each category in relation to each age group. Respectively, as for most children in the 

age groups less than (10, 12) months, they were suffering from weight gain by rates (27.4%, 

28.3%), respectively, and most children in the age groups less than (6, 8, 16, 20, (24) months and 

less than (3, 4, 5) years old, they were of normal weight with rates of (30.5%, 28.8%, 40.1%, 

38.2%, 43.8%, 42.9%, 46.7%, 54.9%), respectively. 
 

Table 7: Results of preparing children classified according to nutritional status for all age 

groups of females. 

Age 
Malnutrition Underweight Normal Overweight Obesity 

N Per  %  N Per  %  N Per  %  N Per  %  N Per  %  

Less than 2 Months 79 34.6 16 7.3 75 32.9 35 15.4 23 13.1 

Less than 4 Months 83 28.3 59 19.9 97 32.8 21 7.1 36 12.2 

Less than 6 Months 11 3.5 142 45.2 98 31.2 19 6.1 44 14.3 

Less than 8 Months 55 23.5 36 13.4 81 33.2 66 24.6 30 11.2 

Less than 10 Months 58 21.6 33 12.3 96 35.8 43 16.3 38 14.2 

Less than 12 Months 13 6.4 34 16.7 86 42.4 35 17.2 35 17.2 

Less than 16 Months 95 17.1 145 26.2 192 34.7 86 15.5 36 6.5 

Less than 20 Months 147 28.1 94 17.9 170 32.4 71 13.5 42 8.3 

Less than 24 Months 50 13.5 165 34.6 170 35.6 62 13.3 30 6.3 

Less than 3 years 16 1.1 554 37.3 718 47.9 153 13.2 57 3.8 

Less than 4 years 238 13.3 435 24.4 1017 56.9 60 3.4 36 2.3 

Less than 5 years 160 9.7 952 57.9 448 27.3 61 3.7 23 1.4 
 

Table (7) shows the number of female children for each category of nutritional status and 

the percentage of each category in relation to each age group. The results showed that most 

children in the age group less than 2 months suffer from malnutrition by (34.6%), while most 

children in the younger age groups From 6 months to less than 5 years old, they were suffering 

from weight loss with rates of (45.2%, 57.9%), respectively, and most children in the age groups 

less than (4, 8, 10, 12, 16, 20, 24) months and less than (3, 4) years old, they were of normal 

weight (32.8%, 30.2%, 35.8%, 42.4%, 34.7%, 32.4%, 35.6%, 47.9%, 56.9%), respectively. 

Conclusion  
We introduced the fuzzy decision tree method to classify the nutritional status of children 

under 5 years old through application. It turned out to be a good and efficient method and gave very 

close results compared to research conducted in this field. In this research, we used child weight and 
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height as input variables in the fuzzy decision tree, as well as using an indicator variable. Body 

mass as an output variable in the classification of nutritional status. Through the results, we found 

that most children under the age of 6 months suffer from malnutrition in the being form of 

underweight in Iraq, and this may be due to the presence of conditions in below the poverty level or 

perhaps vulnerable groups, while most children in the rest of the age groups were in the normal 

weight category. 

 

References 
[1] Khaliq, Abdul, and Amais Ahmad, “Fuzzy Logic and Approximate Reasoning”, master 

thesis, Blekinge Institute of Technology, School of Engineering, Sweden. (2010). 

[2] Bohacik, Jan, and Chandra Kambhampati. "Classification in a heart failure dataset with a 

fuzzy decision tree." Advanced Research in Scientific Areas 1 (2012): 1981-1985.  

[3]  Faradisa, Irmalia Suryani, Radimas Putra Muhammad, and Dyah Ayu Girindraswari. "A 

Design of Body Mass Index (BMI) and Body Fat Percentage Device Using Fuzzy 

Logic." Indonesian Journal of Electronics, Electromedical Engineering, and Medical 

Informatics 4.2 (2022): 94-106.  

[4] Hasan, H. A., & Mohammad, M. J. (2023). Classification of Iraqi Children According to 

Their Nutritional Status Using Fuzzy Logic. Journal of Economics and Administrative 

Sciences, 29(138), 161-171.  

[5] Klir, George J. "Where do we stand on measures of uncertainty, ambiguity, fuzziness, and 

the like?." Fuzzy sets and systems 24.2 (1987): 141-160.  

[6] https://www.who.int/tools/child-growth-standards/standards. 

[7] Janikow, Cezary Z. "Fuzzy decision trees: issues and methods." IEEE Transactions on 

Systems, Man, and Cybernetics, Part B (Cybernetics) 28.1 (1998): 1-14.  

[8] Permatasari, Dian, et al. "Classification of toddler nutritional status using fuzzy inference 

system (FIS)." AIP Conference Proceedings. Vol. 1868. No. 1. AIP Publishing, 2017.  

[9] Maimon, Oded Z., and Lior Rokach. Data mining with decision trees: theory and 

applications. Vol. 81. World scientific, 2014.  

[10] Mohammed, M. J., Nutritional status of Iraqi children under 5 years of age in 2018, Journal 

of Al-Rafidain University College for Science, Proceedings of the 15th International 

Scientific Conference and the 2nd International Conference on Statistical Applications - 

Iraqi Statistical Sciences Association, 2020. 

[11] Suca, C., Córdova, A., & Condori, A., Fuzzy Model for Prediction Childhood Obesity Cases 

Using the Generalized GFID3 , Ediciones Universidad de Salamanca, Actas de la XVII 

Conferencia de la Asociación Española para la Inteligencia Artificial, (2016) pp. 609-618. 

[12] Wang, Tao, et al. "A survey of fuzzy decision tree classifier methodology." Fuzzy 

Information and Engineering: Proceedings of the Second International Conference of Fuzzy 

Information and Engineering (ICFIE). Springer Berlin Heidelberg, 2007.  

[13] Yuan, Yufei, and Michael J. Shaw. "Induction of fuzzy decision trees." Fuzzy Sets and 

systems 69.2 (1995): 125-139.  

[14] Wulandari, Dewi Ayu Nur, et al. "A comparison tsukamoto and mamdani methods in fuzzy 

inference system for determining nutritional toddlers." 2018 6th International Conference on 

Cyber and IT Service Management (CITSM). IEEE, 2018.  

[15] Wang, X-Z., Daniel S. Yeung, and Eric CC Tsang. "A comparative study on heuristic 

algorithms for generating fuzzy decision trees." IEEE transactions on systems, man, and 

cybernetics, part B (cybernetics) 31.2 (2001): 215-226. 

[16] Yuanyuan, Zhang. "MOOC Teaching Model of Basic Education Based on Fuzzy Decision 

Tree Algorithm." Computational Intelligence and Neuroscience 2022 (2022).  

[17] Yu, Hang, Jie Lu, and Guangquan Zhang. "Learning a fuzzy decision tree from uncertain 

data." 2017 12th International Conference on Intelligent Systems and Knowledge 

Engineering (ISKE). IEEE, 2017. 

 

https://www.who.int/tools/child-growth-standards/standards


Hussein A. Hasan and Mohammad J. Mohammad Classification of Iraqi Children According to Nutritional Status …. 
 

 

480 
 

 

 480 -468 ؛56 انعذد ؛(0202) نهعهىو اندبيعت انشافذٍَ كهُت يدهت

JRUCS 
Rafidain -Journal of AL

College University 

for Sciences  

PISSN: (1681-6870); EISSN: (2790-2293) 

 هجلت كليت الزافذين الجاهعت للعلوم

 
https://www.jrucs.iq Available online at: 

 
Rafidain  -AL

College University 

 

 الضبابي القزار شجزة باستعوال التغذويت الحالت حسب العزاق الأطفال تصنيف
 محمد جاسن محمدأ.د.  حسين علي حسن

hussein.ali2101m@coadec.uobaghdad.edu.iq m.jasim@coadec.uobaghdad.edu.iq  

 لسى الاحظبء، كهُت الاداسة والالخظبد،

 ، رٌ لبس، انعشاقخبيعت سىيش 

 لسى الاحظبء، كهُت الاداسة والالخظبد،

 ، بغذاد، انعشاقخبيعت بغذاد 

 

 هعلوهاث البحث
 

 الوستخلص

 تواريخ البحث:

 
َعذ انخظُُف أحذ الادواث انًهًت انًسخعًهت فٍ الاحظبء انطبٍ نخظُُف حبلاث انخغزَت     

نذي الاطفبل دوٌ انخًس سُىاث وحعخبش حبنت انخغزوَت اندُذة يهًت نظحت الاطفبل ونهب دوس 

كبُش فٍ ًَى انطفم ببنشكم انطبُعٍ وحبنت انخغزَت غُش اندُذة حعخبش يشع نهزِ انفئت انعًشَت 

انً اهخًبو يٍ لبم انًخخظٍُ بظحت الاطفبل، وَىاخهب الاطببء طعىبت فٍ ححذَذ وححخبج 

انحبنت انخغزوَت بسبب حبنت عذو انُمٍُ فٍ الاطببت بهزا انًشع او انغًىع فٍ يخغُشاث 

 وطفبث حهك انًخغُشاث. 

خظُُف انحبنت انخغزوَت نلأطفبل دوٌ ن (Fuzzy Setsانًدًىعبث انضبببُت )طبمُب َظشَت 

وحى  انمشاس انضبببُت حى حىظُف طشَك شدشةانضبببٍ حُذ ببسخخذاو انًُطك  سُىاث خًس

ببلاعخًبد عهً انًخغُشاث انهغىَت )انىصٌ،  اَشبء شدشة نكم فئت عًشَت )ركىس، الاَبد(

انطىل(، ويؤشش كخهت اندسى نفئبث انخظُُف. وفٍ هزا انبحذ حى حظُُف انحبنت انخغزوَت 

وحمذَى  مهم يٍ فشص انخشخُض انخبطئث بشكم أكثش دلت نكٍ َنلأطفبل وححذَذ انًدًىعب

انعلاج انًلائى نهى بذلت أكثش نلاسحمبء ببنًسخىي انظحٍ نلأطفبل نبُبء يدخًع أكثش يُبعت 

 وراث يسخىي طحٍ خُذ. 

ركىس،  8427سُىاث،  5انعشاق دوٌ الأطفبل  يٍ فشد 16487 اعخًذث انذساست حدى عُُت

انفئبث واظهشث انُخبئح اغهب فئت او يدًىعت.  12نعًش انً اَبد، لسًج حسب ا 8363

 انعًشَت كبَج راث وصٌ طبُعٍ بُسب يخفبوحت.
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