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Abstract: - Diagnosis of ADHD using Statistical measures is proposed in this paper. An ADHD data set with 105 samples based on 

different ages ranging from 6 to 9 and gender (Male & Female) is collected and classified into noADHD, moderateADHD and 

highADHD by using statistical parameters like mean and standard deviation. The ADHD may be caused by different factors like 

age, gender, and brain damage, etc. In this research work, only two factors namely age and gender are taken to find the goodness 

of fit for the data collected and to examine that whether these parameters have any significance for the cause of ADHD. The Tests 

of Independence between these variables are carried out by Chi-Square Test and the results are discussed and analyzed.  From this 

test it has been concluded that age has no significance for the cause of ADHD but Gender has significance ie, AGE and ADHD are 

independent but Gender and ADHD are dependent variables. 

 

Keywords: ADHD, Chi-Square Test, Mean, Standard Deviation. 

 

I. INTRODUCTION  

 

Attention Deficit Hyperactivity Disorder (ADHD) is a 

chronic mental disorder which causes various hyperactive 

and disruptive behaviors. Symptoms of ADHD often 

include difficulty focusing, sitting still, and staying 

organized. Many children exhibit signs of this disorder 

before age 7, but some may not be diagnosed until 

adulthood. The symptoms of ADHD will differ child to 

child, age to age and gender to gender. People with ADHD 

often struggle with school, work, and relationships. 

They’re also more likely to develop other conditions, 

including anxiety, depression, and learning disabilities.   It 

can also help prevent other disorders from developing in 

the future. The boys and girls affected with ADHD may 

differ in a number of different ways. The boys with 

ADHD usually show externalized symptoms, such as 

running and impulsivity. Girls with ADHD, on the other 

hand, typically show internalized symptoms. These 

symptoms include inattentiveness and low self-esteem. 

Boys also tend to be more physically aggressive, while 

girls tend to be more verbally aggressive. Since girls with 

ADHD often display fewer behavioral problems and less 

noticeable symptoms, their difficulties are often 

overlooked. As a result, they aren’t referred for evaluation 

or treatment. This can lead to additional problems in the 

future. The undiagnosed ADHD can have a negative 

impact on girls’ self-esteem. It can even affect their mental 

health. Boys with ADHD typically externalize their 

frustrations. But girls with ADHD usually turn their pain 

and anger inward which leads to an increased risk for 

depression, anxiety, and eating disorders. Girls with 

undiagnosed ADHD are also more likely to have problems 

in school, social settings, and personal relationships than 

other girls. Besides that the brain structure and its 

functions are also be complicated and brain size will be 

different due to brain damage or abnormality in both boys 

and girls. In girls with ADHD, the differences appeared in 

the prefrontal regions of the brain, which control 

motivation and ability to regulate emotions. In contrast, 

for boys with ADHD, the differences appeared in primary 

motor cortex of the brain, which control basic motor 

function. While the symptoms of ADHD may present 

differently in boys and girls, it’s critical for them to be 

treated. The symptoms of ADHD do tend to lessen with 

age, but they can still affect many areas of life. So it is 

essential to be analyzed initially that the existence of 

ADHD depends on age and gender or not. In our previous 

research work [1], ADHD data samples are collected and 

classified into HIGH ADHD, MODERATE ADHD and 

NOADHD using Data Mining classifiers. Since the 

symptoms of ADHD vary with Age and Gender, these two 

factors are taken in this paper to examine that whether 

they have any significance for the influence of ADHD.  

The Chi-Square Test of Independence is proposed to 

determine the significant relationship between Age and 

ADHD and Gender and ADHD.  The Chi-Square statistic 

is most commonly used to evaluate Tests of Independence 

when using a cross tabulation. For example, to examine 

the relationship between gender (male vs. female) and 

ADHD (high vs. moderate vs. No) Cross tabulation 

presents the distributions of these two categorical 

variables simultaneously, with the intersections of the 

categories of the variables appearing in the cells of the 

table. The Test of Independence assesses whether an 

association exists between the two variables by carefully 

examining the pattern of responses in the cells; calculating 
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the Chi-Square statistic and comparing it against a critical 

value from the Chi-Square distribution allows the 

researcher to assess whether the association seen between 

the variables in a particular sample is likely to represent an 

actual relationship between those variables in the 

population. If the null hypothesis is accepted there would 

be no relationship between the variables (gender, age) and 

ADHD.  If the null hypothesis is rejected, the implication 

would be that there is a relationship between gender and 

ADHD. This paper is organized into three sections. 

Section II discusses the data samples, classification using 

statistical parameters and Statistical Analysis using Chi-

Square test.  Experimental Results and analysis on ADHD 

data set using Chi-Square test statistical tool is presented 

in Section III.  t merits and demerits and finally presenting 

the conclusion. 

II. METHODOLOGY 

 

The methodology of ADHD diagnosis using statistical 

measures is provided in this section. The theoretical 

parameters (mean and standard deviation) are applied to 

classify the data samples and Chi-square Statistical test is 

proposed to examine the level of significance between 

ADHD and the factors Age & Gender.    

a. Data Samples 

The ADHD research study was carried out among 105 

school going children aged 5–9 years in the southern 

region of Tamil Nadu, India 2016. Out of the data 

samples,   47 children were male and 58 children were 

female. A sample questionnaire with three parts each 

consisting of ten questions related to the symptoms of 

different types of ADHD is prepared. To measure the 

severity of ADHD each question is rated by a 4-point 

scale as given in Table I and the total score of the 

questionnaire for each group ranges from 0 to 30. 
TABLE I:  ADHD RATING SCALE 

S.No Scale Score 

1 Never 0 

2 Frequently 1 

3 Often 2 

4 Very Often 3 

b. Data Analysis and Classification 

The aim of this research work is to initially classify the 

data samples into two groups namely, children with or 

without ADHD and then further classify them into high, 

moderate and No ADHD. Various statistical measures 

which are proposed in this paper to identify the level of 

ADHD   are given below. 
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Where, 

n = Number of items 

xi =  Value or Rating of each individual item 

A = Arithmetic mean 

For the input data samples, the mean and standard 

deviation values are 23 & 17. Using these values, the data 

set is classified into highADHD, moderateADHD and 

noADHD as below.   
highADHD = A +  S.D = 23 + 17=40 

noADHD =A  - S. D =23 – 17=6 

moderateADHD =  Score between High level & Low 

level 

In ADHD data set, the sample is classified into 

highADHD if the score >= 40, moderateADHD if the 

score is 6<score<= 40 and noADHD if the score <= 6. 

The overall classification of the children is presented in 

Table II. From the table it has been identified that out of 

105 samples 21 (20%) children are affected with 

highADHD, 60 (57%) are affected with moderateADHD 

and 24(23%) are affected with noADHD. The pie chart 

representation of this ADHD classification is given in Fig 

1. 

TABLE II:  ADHD CLASSIFICATION USING MEAN & STD. 

DEVIATION 
S.No ADHD 

Measure 

No. of 

Children’s 

Percentage 

(%) 

1 High 21 20 

2 Moderate 60 57 

3 No 24 23 

Total 105 100 

 

 
Fig  1  ADHD Measure 

 

From Fig 1, it is surmised that out of 105 respondents 

20% has highADHD, 57% has moderateADHD and 27 % 

has noADHD. 

c. Statistical Analysis using Chi-Square test 

Chi-square is a statistical test used to test the goodness of 

fit to verify the distribution of observed data with 

assumed theoretical distribution. It is a measure to study 

the divergence of actual and expected frequencies. If 

Series1, 

High, 7, 

15% 

Series1, 

Moderate

, 25, 54% 

Series1, 

No, 14, 

31% 
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there is no difference between the actual and expected 

frequencies, the Chi-square value (χ²) is zero. 

Hypothesis: 

Stating hypothesis about the probability distribution of 

one or more data samples is an important procedure of 

this method.  The main function of this testing is to 

choose two challenging hypotheses. In this research 

work, two factors (age &gender) are selected for the 

analysis of ADHD using Chi-Square test.  The 

hypotheses   formulated for these factors are given below.  

AGE factor  

 H1: There is no significant difference in ADHD due 

to Age. 

GENDER factor 

  H2: There is no significant difference in ADHD due 

to        Gender. 

 

Observed Frequency (O): 

Consider the 2x2 contingency table.   

TABLE III: OBSERVED VALUES 
 Y1 Y2  

X1 a11 a12 a11+ a12=A 

X2 a21 a22 a21+ a22=B 

 a11+ a12=C a11+ a12=D N=A+B+C+D 

In this table III, the observed values are presented in four 

cells. X represents the independent variable and Y 

represents the response variable. The marginal values are 

presented by A, B, C and D. In each row and column the 

marginal values present the summation of that row or 

column. Here, the observed variables (a11, a12, a21, a22) are 

given in Table III. 

Expected Frequency (E): 

The expected values are computed using (3) and 

provided in Table IV. 

E =  Expected Frequency =  
                        

                           
 - (3) 

 

TABLE IV: EXPECTED VALUES 

 Y1 Y2  

X1 (A*C)/N (A*D)/N A 

X2 (B*C)/N (B*D)/N B 

 C D N 

 

Chi-square value (χ²): 

The value of Chi-square is calculated as below: 

 

Chi-square Test (χ² = 
∑ (   )  

 
     ----------------- (4) 

Where, O = Observed Frequency &  E  =  Expected 

Frequency 

 

 

 

Degree of Freedom (DF):  

The Degree of Freedom represents the number of classes 

to which values can be assigned at will, without violating 

restrictions. 

V = n-k 

Where V -  Degree of Freedom, n – Number of frequency 

classes, k – Number of independent constraints. 

For 2 X 2 contingency table, the Degree of Freedom  
 DF =  (r-1) * (c-1)              ---------------------------------- (5) 

   where, 

r = Number of Rows 

c = Number of Columns 

ie, DF = (2-1) * (2-1) = 1 

Chi-Square Distribution Table: 

The Chi-Square distribution values for different level 

of significances (P) are provided in Table V. 
 

TABLE V:  CHI-SQUARE DISTRIBUTION TABLE 

 

DF 

Probability (P) 

P=0.0

5 

P=0.001 P=0.000

1 

1    3.84 6.64 10.83 

2 5.99 9.21 13.82 

3 7.82 11.35 16.27 

4 9.49 13.28 18.47 

5 11.07 15.09 20.52 

6 12.59 16.81 22.46 

7 14.07 18.48 24.32 

8 15.51 20.09 26.13 

9 16.92 21.67 27.88 

10 18.31 23.21 29.59 

 

The procedure for Chi-square test is given below. 

 

1. A hypothesis is established along with the 

significance level.  

2. Create a contingency table with Observed values 

(O).  

3. Calculate the Expected values (E). 

4. Compute the deviations between Observed 

values and Expected values (O-E). 

5. Find the Chi-square value (χ²) .  

6. Find the Degrees of freedom (DF).  

7. Find the value of χ² from χ² Distribution table at 

certain level of significance, usually 5% level. 

 

If the calculated value of χ² is greater than the table value 

of χ², at certain level of significance, reject the   

hypothesis. If the computed value of χ² value is zero, then 

the observed value and expected value completely 

coincide. If the calculated value of χ² is less than the table 

value of χ², at certain level of significance, it is said to be 
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non-significant. This implies that the discrepancy 

between the observed and expected frequencies may be 

due to fluctuations in simple sampling. 

 

III. EXPERIMENTAL ANALYSIS & RESULTS 

 

Once the ADHD data samples are classified into high, 

moderate and noADHD, statistical analysis is carried out 

with the two factors age and gender to check whether 

they have any significance to the cause of ADHD.   

A. Hypothesis 1 

H0:  Age has no significance for the cause of ADHD 

(ADHD & AGE are independent). 

Step 1: Compute the Observed Frequencies (O). 

 

TABLE VI:  OBSERVED VALUES OF AGE AND LEVEL OF 

ADHD CHILDREN 
 

ADHD Measure 

Age (years) Total 

6  7  8  

High 7 5 9 21 

Moderate 25 17 18 60 

No 14 5 5 24 

Total 46 27 32 105 

 

From Table VI, out of 46 respondents under the age 

group of 6 years, 7 have highADHD, 25 have 

moderateADHD and the remaining 14 have noADHD. 

Out of 27 respondents in the age group of 7 years, 5 have 

highADHD, 17 have moderateADHD and the remaining 

5 have noADHD. Out of 31 respondents is age group of 8 

years, 9 have high ADHD, 18 have moderateADHD and 

the remaining 5 have no ADHD. The relationship 

between the age and the level of ADHD is given in fig 2. 

 

 
Fig 2: Age and level of ADHD Children 

 

Step 2: Calculate the Expected frequencies (E). 

The expected values for the table of observed frequencies 

are calculated and listed in Table VII. 
 

 

TABLE VII:  EXPECTED VALUES OF AGE AND LEVEL OF 

ADHD   
 

ADHD Measure 

Age (years) Total 

6  7  8  
High 9.2 5.4 6.4 21 
Moderate 26.29 15.43 18.29 60 
No 10.51 6.17 7.31 24 

Total 46 27 32 105 

 

Step 3: Find the Chi-square Value (χ²). 

To find out the discrepancy between age and the level of 

ADHD the Chi-Square value is calculated using the 

observed and expected frequencies.   

 

TABLE VIII:  CHI SQUARE TEST OF H0 
 

Cell 

 

O 

 

E 

C(chi-square value) 

O-E (O-E)2 (O-E)2/E 

R1C1 7 9.2 -2.2 4.84 0.5261 

R1C2 5 5.4 -0.4 0.16 0.0296 

R1C3 9 6.4 2.6 6.76 1.0563 

R2C1 25 26.29 -1.29 1.6641 0.0633 

R2C2 17 15.43 1.57 2.4649 0.1597 

R2C3 18 18.29 -0.29 0.0841 0.0046 

R3C1 14 10.51 3.49 12.1801 1.1589 

R3C2 5 6.17 -1.17 1.3689 0.2219 

R3C3 5 7.31 -2.31 5.3361 0.7300 

Total 3.9504 

 

Step 4:  Find the Degrees of Freedom (DF). 

In this Hypothesis, Observed values are presented in 9 

cells that are 3 columns and 3 rows. From equation (5) 

the Degrees Of Freedom is calculated as,  

Degrees of Freedom  =  (c-1) (r-1) 

      

   = (3-1) (3-1) 

   = 2*2 

     =  4 

Step 5:  Select The Table Value. 

The Chi-Square distribution value for the significance 

level of 5% and degree of freedom 4 is obtained from 

Table V, as 9.49. The calculated value of χ²is 3.9504, 

which is less than the table value. Therefore, the 

hypothesis may be accepted and hence it is concluded 

that Age has no significance for the cause of ADHD.  

b. Hypothesis 2 

H1: Gender has no significance for the cause of ADHD 

(ADHD & Gender are independent) 

 

Step 1: Compute the Observed frequencies (O). 
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TABLE IX: OBSERVED VALUES OF GENDER AND LEVEL 

OF ADHD CHILDREN 
 

ADHD 

Measure 

Gender  

Total Male(0) Female(1) 

High 4 17 21 
Moderate 27 33 60 
No 16 8 24 

               Total 47 58 105 

From Table VI, out of 47 male children, 4 have 

highADHD, 27 have moderateADHD and the remaining 

16 have no ADHD. Out of 58 female children, 17 have 

highADHD, 33 have moderateADHD and the remaining 

8 have noADHD. The relationship between the gender 

and the level of ADHD is given in Fig 3. 

 
Figure 3: Gender and level of ADHD Children 

 

Step 2: Calculate the Expected frequencies (E). 

The expected values for the table of observed frequencies 

are calculated and listed in Table X. 

TABLE X: EXPECTED VALUES OF GENDER  AND LEVEL 

OF ADHD CHILDREN 
 

ADHD 

Measure 

Gender  

Total Male(0) Female(1) 

High 9.4 11.6 21 
Moderate 26.9 33.1 60 
No 10.7 13.3 24 

                 

Total 

47 58 105 

 

Step 3: Find the Chi-square value (χ²). 

To find out the discrepancy between gender and the level 

of ADHD the Chi-Square value is calculated using the 

observed and expected frequencies.   

TABLE XI:  CHI SQUARE TEST OF H1 

 

Cell 

 

O 

 

E 

C(chi-square value) 

O-E (O-E)2 (O-E)2/E 

R1C1 4 9.4 -5.4 29.2 3.1064 

R1C2 17 11.6 5.4 29.2 2.5172 

R2C1 27 26.9 0.1 0.01 0.0052 

R2C2 33 33.1 -0.1 0.01 0.0120 

R3C1 16 10.7 5.3 28.1 2.6262 

R3C2 8 13.3 -5.3 28.1 2.1128 

Total 10.3798 

Step 4:  Find the Degrees of Freedom (DF). 

In this Hypothesis, Observed values are presented in 6 

cells that are 2 columns and 3 rows. From equation (5) 

the Degrees Of Freedom is calculated as,  

Degrees of Freedom  = (c-1) (r-1) 

   = (2-1) (3-1) 

   = 1 *2 

= 2 

Step 5:  Select The Table Value. 

The Chi-Square distribution value for the significance 

level of 5% and degree of freedom 2 is obtained from 

Table V, as 5.99. The calculated value of χ²is 10.3798, 

which is greater than the table value. Therefore, the 

hypothesis may be rejected and hence it is concluded that 

Gender and ADHD are not independent, ie, gender is the 

significant factor for the cause of ADHD disorder. 

 

IV. CONCLUSION 

 

In this paper, the statistical analysis of ADHD in the age 

group of 6-9 years of school going children is proposed. 

Totally 105 samples are collected based on different ages 

ranging from 6 to nine and gender (Male & Female). The 

statistical parameters like mean and standard deviation 

are computed to analyze the level of ADHD under 

various parameters. The ADHD may be caused by 

different parameters like age, gender, brain damage, etc. 

In this research work, two factors age and gender are 

taken and their significance for the cause of ADHD is 

tested using Chi-Square Analysis Test. From this 

statistical analysis it has been concluded that Age has no 

significance for the cause of ADHD but gender is one of 

the significant factor for the cause of ADHD disorder.  
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