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The research looks into how biological characteristics, such as gender, blood type, and group, affect students' academic achieve-
ment as determined by their cumulative grade point average (CGPA). The study looks at these variables' ability to predict CGPA 
using multiple regression analysis and decision tree regression. The model's weak explanatory ability is indicated by the findings, 
which show a non-significant F-statistic and an R-squared value of 0.040. Nonetheless, a few factors, including blood type, gender, 
and specific birth months, are significant in CGPA prediction. A Mean Squared Error (MSE) of 0.2825 for the decision tree regression 
model indicates a satisfactory fit of the model to the data. To fully comprehend academic accomplishment, the study's conclusion 
emphasizes the significance of taking biological elements into account in addition to other socioeconomic and psychological aspects. 
It emphasizes the necessity of using multidisciplinary research methods to disentangle the intricate interactions between variables 
influencing students' academic paths. 
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Introduction
Numerous factors, including biological elements that go be-

yond conventional educational paradigms, affect pupils’ academic 
achievement. Blood type, blood genotype, and gender are among 
these biological characteristics that have become interesting re-
search areas because they provide information about the complex 
interactions between biology and educational results.

According to educational psychology, a variety of factors, from 
instructional strategies to socioeconomic background, affect stu-
dents’ academic success. The purpose of this study is to investigate 
this little-studied area in an effort to identify any possible relation-
ships and clarify the complex interactions that exist between these 
biological variables and academic achievement.

Blood type, a genetic characteristic based on particular anti-
gens found on the surface of red blood cells, has long been linked 
to a number of health consequences. According to [6], blood geno-
type is an individual’s genetic composition of blood. It is the pro-
tein that is found in red blood cells’ hemoglobin. From person to 
person, this protein differs. According to some authors, this pro-

tein is the biological or genetic code. [6] states that there are five 
different varieties of this biological code (genotype) that indicate 
an individual’s uniqueness: AA, AS, AC, SC, and SS. 

Recent studies have hinted at potential connections between 
blood group and cognitive function, raising intriguing questions 
about its possible influence on academic performance. Further-
more, the genetic variations inherent in blood genotypes may also 
play a role in shaping individuals’ cognitive abilities and learning 
styles, thus warranting investigation in the academic context.

Numerous studies have examined the differences between 
genders in academic achievement and learning preferences, with 
gender serving as a recurring theme in educational research. The 
relationship between gender and biological characteristics, such as 
blood type and genotypes, has, however, received less study. This 
interaction may provide complex insights into academic discrepan-
cies and instructional tactics. Furthermore, new research indicates 
that birth month—which is frequently disregarded in studies on 
education—may have a small but important impact on educational 
attainment and cognitive development.

By performing a thorough analysis of the effects of blood group, 
genotypes, gender, and birth month on students’ academic per-
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formance, this research aims to close these discrepancies. Using 
a mixed-methods approach that includes both quantitative and 
qualitative investigations, this study seeks to clarify any possible 
relationship between these biological characteristics and students’ 
academic achievement.

Literature Review 
While the direct influence of blood group on academic perfor-

mance remains relatively understudied [12], found that individu-
als with blood type AB demonstrated better memory performance 
compared to those with other blood types. The paper however sug-
gested a further research to elucidate the mechanisms underlying 
these associations and their implications for educational outcomes.

In [3], it was concluded that blood group and blood genotype 
have no influence on the general performance of the students after 
carrying out a statistical analysis on the students’ performance and 
the variations in blood group and blood genotype.

[2] Carried out comparative analysis of male and female stu-
dents in programming ability, concluded that there is no statisti-
cally significant difference in the performance of male and female 
student. This means that gender might not be a preference to stu-
dents performance academically.

[4] Compared genotype polymorphism with academic perfor-
mance of student. In his paper, the blood group of the individual 
compliments the genotype as well as the achievement of students. 
He concluded that there is no statistically significant mean differ-
ence in the academic achievement of students and their genotypes.

[5] Researched on Blood group and gender impact on personal-
ity among medical students. They concluded that there is no con-
siderable difference among personality scores of individuals of dif-
ferent blood groups.

[9] Also researched on relationship between Personality Traits 
and Blood Groups among the students of Palestinian University. 
He however concluded that there is no relationship that exists be-
tween them.

[7] Explained the difference between blood group and blood 
genotype. According to them, while blood group is the presence or 
absent of antigens on the surface of red blood cell, a genotype is 
the two letters combination that determines which traits or gene 
are inherited. 

[10] in his article written on byjus.com said blood group is a 
blood classification based on presence or absence of antibodies 
and inherited antigenic particles on the surface of red blood cells 

and he explained genotype as genotype form genetic constituency 
of cells in human. The results from the study of [11] showed that 
there are gender differences in academic ability and that females 
generally outperform males in verbal abilities and GPA. They how-
ever stated that no gender differences were found in terms of quan-
titative skills. According to [1] there was no significant association 
between blood groups and academic performance; they however 
suggested further studies to be carried out in various other colleg-
es and schools to investigate the association between blood groups 
and academic performance

Methodology
This study employs a quantitative analysis of academic data 

with qualitative exploration of students’ biological profiles and 
educational experiences.

Data collection
The Academic Performance of the students in form of Cumula-

tive Grade Point Average (CGPA) used in this research was gotten 
from the Federal Polytechnic of Ilaro, Computer Science Depart-
ment. Through the records, biological factors such as blood type, 
genetic information, and gender identification characteristics were 
collected which serves as the dataset for the research.

Exploratory data analysis
Using statistical graphics and other data visualization tech-

niques, the key features of the dataset were summarized. The dis-
tribution of academic achievement is characterized by statistical 
descriptive analysis, which calculates the means, standard devia-
tions, and frequencies. The summary of the descriptive analysis is 
displayed in Table 2. The distribution of students’ CGPAs within the 
dataset is displayed as a histogram in figure 1. 

Bar plot was carried out on the blood group, blood genotype, 
gender and month of birth since these factors are categorical vari-
ables. Table 3 shows the graph.

Inferential analysis
Multiple regression and decision tree regression modeling were 

employed to examine the association between blood group, geno-
type, gender, month of birth and academic performance.

Data preprocessing 
Table 1 shows the first 5 and last 5 rows of the dataset. There 

are 6 columns and 533 rows in the dataset. The dataset consists of 
one continuous variable (the CGPA) and four categorical indepen-
dent variables. 

Descriptive statistical analysis 
Descriptive statistics analysis involves method and techniques 

used to summarize and describe the main features of a dataset. 
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The maximum, minimum, standard deviation values for continu-
ous variable. In the case of the dataset used, descriptive statistical 
analysis is only possible for the CGPA of student because it is the 
only continuous variable in the dataset the result of the descriptive 
statistical analysis is shown on the table 2.

Table 2: Summary Statistics: CGPA.

Mean 2.709884
std 0.497881
Min 0.740000
25% 2.380000
50% 2.690000
75% 3.045000
max 3.940000

From the table 2, the maximum value of CGPA is 3.940 and the 
minimum value is 0.740, the mean value is 2.709. From figure 1, 
about 140 students have CGPA that is between 2.5 to 3.0 while 
above 120 students having CGPA that is between 2.0 and 2.5. Less 
than 20 students have CGPA that is less than 2.0. No distinction stu-
dent from this result as the none of the students has a CGPA that is 
4.0 or above.

Regression analysis 

A statistical method for examining the relationship between a 
dependent variable and one or more independent variables is a re-
gression model. Determining how the values of the independent 
variables affect the dependent variable’s value is the aim of regres-
sion analysis.

Figure 1: CGPA distribution graph.
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S/N Month BLOOD_GNE BLOOD_GRP Gender CGPA Grade
1 December AA A+ M 2.04 PASS
2 January AA A+ M 3.18 UPPER
3 January AA A+ M 2.21 PASS
4 January AA A+ F 2.19 PASS
5 March AA O+ M 2.23 PASS

----- ------ ----- ---- ---- ---- -----
----- ------ ------ ---- ---- ----- ------
----- ------- ------- ---- ---- ----- -------
530 January AA A+ M 2.99 LOWER
531 March AA A+ M 2.93 LOWER
532 January AA B- F 2.64 LOWER
533 January AS O+ F 2.66 LOWER
534 January AA A+ M 2.82 LOWER

Table 1: Dataset showing the biological factors (Gender and CGPA).

[535 rows x 6 columns]



A statistical method called multiple linear regression is used to 
model the connection between one continuous dependent variable 
(the target) and two or more independent variables (features). By 
adding more predictors, it expands the idea of simple linear regres-
sion, which only considers one independent variable. 

The relationship between the independent variables (repre-
sented as X1, X2,..., Xp) and the dependent variable (Y) is repre-
sented as a linear function in multiple linear regression:

Y =β0 +β1X1 +β2X2 +... +βpXp +ε.. i 

In this case, the dependent variable (target) is Y. 

The independent variables (features) are X1, X2,..., Xp. 

When all independent variables are zero, the value of Y is repre-
sented by the intercept term, β0. The coefficients, which are often 
referred to as weights or slopes, are β1, β2,..., βp for each indepen-
dent variable. They represent the change in Y for a one-unit change 
in the corresponding independent variable, while keeping all other 
variables constant. 

The error term, ε, denotes the discrepancy between the actual 
and anticipated values of Y. 

Finding the coefficients β0,β1,...,βp that minimize the sum of 
squared differences between the dependent variable’s predicted 
and actual values is the aim of multiple linear regression.

In Multiple Linear Regression, the coefficients are usually esti-
mated using the least squares method, where the coefficients are 
selected to minimize the mean squared error (MSE) or the residual 
sum of squares (RSS). Finding the coefficient values that produce 
the least overall difference between the observed and predicted 
values of the dependent variable over all data points is the process 
at hand. 

The use of numerous independent variables in a single linear 
regression expands its scope. When you have multiple category in-
dependent variables, it makes sense. 

The multiple regression analysis was carried out on the provid-
ed dataset using stats models in Python. The summary output will 
include coefficients, standard errors, t-values, p-values, and other 
relevant statistics for each variable in the model.

# Defining independent and dependent variables
X = dfresult.drop(columns=[‘CGPA’])
y = dfresult[‘CGPA’]
# Fitting the regression model
model = sm.OLS(y, X)
results = model.fit()
# Printing the regression summary
print(results.summary())

This OLS (Ordinary Least Squares) regression analysis provides 
insights into the relationship between the dependent variable 
(CGPA) and the independent variables included in the model.

Features importance analysis
In machine learning and statistical modeling, feature impor-

tance analysis is a technique used to evaluate the importance or 
contribution of various features (also called variables, predictors, 
or independent variables) to the prediction of the target variable 
(also called the dependent variable or outcome). This study sheds 
light on the underlying links between predictors and the target 
variable and aids in determining which traits are most important 
in making predictions.

The relevance score assigned to each feature indicates how 
much it contributes to the model’s predictions. A larger positive 
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Figure 2: Bar chart of the categorical variables.
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Dep. Variable: CGPA R-squared: 0.040
Model: OLS Adj. R-squared: -0.005

Method: Least Squares F-statistic: 0.8988
Date: Wed, 20 Mar 2024 Prob (F-statistic): 0.601
Time: 13:34:54 Log-Likelihood: -371.02

No. Observations: 518 Df Model: 23
Df Residuals: 494

SN coef std err t P>|t| [0.025 0.975]
1 MONTH_April 0.755 0.089 0.848 0.397 -0.099 0.250
2 MONTH_AUG 0.0840 0.101 0.831 0.406 -0.114 0.282
3 MONTH_DEC 0.1592 0.111 1.438 0.151 -0.058 0.377
4 MONTH_FEB 0.0920 0.097 0.953 0.341 -0.098 0.282
5 MONTH_JAN 0.1506 0.043 3.498 0.001 0.066 0.235
6 MONTH_JUL 0.2643 0.120 2.211 0.027 0.029 0.499
7 MONTH_JUN 0.0736 0.092 0.797 0.426 -0.108 0.255
8 MONTH_MAY 0.3572 0.181 1.979 0.048 0.003 0.712
9 MONTH_MAC 0.2292 0.095 2.409 0.016 0.042 0.416

10 MONTH_NOV 0.0554 0.125 0.442 0.659 -0.191 0.302
11 MONTH_OCT 0.0242 0.108 -0.224 0.823 -0.236 0.188
12 MONTH_SEP 0.0534 0.095 0.564 0.573 -0.133 0.240
13 BLOOD_GRP_AA 0.0345 0.134 0.257 0.797 -0.229 0.298
14 BLOOD_GRP_AC 0.2700 0.166 1.623 0.105 -0.057 0.597
15 BLOOD_GRP_AS 0.0336 0.143 0.235 0.815 -0.248 0.315
16 BLOOD_GRP_SC 0.5063 0.435 1.163 0.245 -0349 1.362
17 BLOOD_GRP_SS 0.7670 0.428 1.790 0.074 -0.075 1.609
18 BLOOD_GNE_A+ 0.1222 0.086 1.418 0.157 -0.047 0.292
19 BLOOD_GNE_A- 0.6598 0.323 2.044 0.042 0.025 1.294
20 BLOOD_GNE_AB+ 0.2436 0.198 1.229 0.220 -0.146 0.633
21 BLOOD_GNE_B+ 0.2138 0.109 1.962 0.050 -0.000 0.428
22 BLOOD_GNE_B- 0.0579 0.319 0.182 0.856 -0.563 0.684
23 BLOOD_GNE_O+ 0.1212 0.083 1.454 0.147 -0.043 0.285
24 BLOOD_GNE_O- 0.1928 0.175 1.101 0.272 -0.151 0.537
25 GENDER_F 0.8315 0.053 15.616 0.000 0.727 0.936
26 GENDER_M 0.7799 0.049 15.856 0.000 0.683 0.877
27 Intercept 1.6114 0.089 18.044 0.000 1.436 1.787

Omnibus: 2.375 Durbin-Watson: 1.386
Prob(Omnibus): 0.305 Jarque-Bera (JB): 2.333

Skew: -0.071 Prob(Omnibus): 0.311
Kurtosis: 3.297 Cond. No. 1.34e+16

Table 3: OLS Regression Analysis.



value denotes a stronger positive connection, whilst a lower posi-
tive value denotes a negative correlation, with the target variable 
(CGPA).

Table 4 illustrates that features with higher absolute values are 
thought to be more significant in predicting the target variable.

1 MONTH_April 0.075497
2 MONTH_August 0.083977
3 MONTH_December 0.159195
4 MONTH_February 0.091975
5 MONTH_January 0.150559
6 MONTH_July 0.264275
7 MONTH_June 0.073595
8 MONTH_MAY 0.357240
9 MONTH_March 0.229164

10 MONTH_November 0.055372
11 MONTH_October -0.024173
12 MONTH_September 0.053403
13 BLOOD_GRP_AA 0.034491
14 BLOOD_GRP_AC 0.269999
15 BLOOD_GRP_AS 0.033609
16 BLOOD_GRP_SC 0.506269
17 BLOOD_GRP_SS 0.766988
18 BLOOD_GNE_A+ 0.122213
19 BLOOD_GNE_A- 0.659814
20 BLOOD_GNE_AB+ 0.243642
21 BLOOD_GNE_B+ 0.213821
22 BLOOD_GNE_B- 0.057915
23 BLOOD_GNE_O+ 0.121195
24 BLOOD_GNE_O- 0.192757
25 GENDER_F 0.831455
26 GENDER_M 0.779902
27 intercept 1.611357

Table 4: Feature importance coefficient.

Decision tree regression
Regression analysis that employs a decision tree as the predic-

tive model is known as choice tree regression. Decision trees can 
be modified for regression tasks, where the objective is to predict a 
continuous outcome (CGPA), even though they are primarily used 
for classification tasks, where the goal is to categorize data into 
predetermined categories.

Mean Squared Error (MSE) is a metric used in decision tree re-
gression that quantifies the average squared difference between 
the target values predicted by the decision tree model and the ac-
tual target values in the dataset.

For each data point (i) in the dataset, the mean squared differ-
ence (MSE) between the actual target values (yi) and the antici-
pated target values (Ϸi) is computed. Mathematically, it can be rep-
resented as:
MSE=n1 ∑i=1n (yi −y^ i )2 ……ii
Where:

•	 n is the number of data points in the dataset.
•	 yi  is the actual target value for the ℎith data point.
•	 y^ i  is the predicted target value for the ℎith data point.

The dataset was trained for the decision tree regression model 
using the python code below.

model = DecisionTreeRegressor(random_state=42)
model.fit(X_train, y_train)
y_pred = model.predict(X_test)
mse = mean_squared_error(y_test, y_pred)
print(‘Mean Squared Error:’, mse)
Mean Squared Error: 0.28250500491181

Result and Discussion
The dependent variable (CGPA) has a variance that can be ex-

plained by the independent variables in the model. The coefficient 
of determination, or R-squared, is 0.040, meaning that the inde-
pendent variables in the model account for about 4% of the vari-
ance in the dependent variable. The R-squared value is adjusted 
for the number of predictors in the model using this adjusted R-
squared value. In this instance, a negative score (-0.005) indicates 
that the explanatory capacity of the model may be outweighed by 
its complexity.

The model’s overall significance is tested using the F-statistic. 
In this case, the corresponding probability (p-value) is 0.601, and 
the F-statistic is 0.8988. The model may not be statistically signifi-
cant in explaining the variation in CGPA as a whole if the p-value is 
higher than 0.05, which is the standard significance level. 

These findings suggest that the model is not a very good ex-
planation for the variation in CGPA. The non-significant F-statistic 
and low R-squared imply that the independent factors may not be 
enough accounting for the variance in the dependent variable. Fur-
thermore, the negative adjusted R-squared value suggests that the 
complexity of the model may not be warranted.

The features in figure above are classified by gender, blood 
groups, months, and blood genotypes. Several months, blood types, 
and gender have been found by the model to be significant predic-
tors of the target variable (CGPA). 
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With relevance scores of 0.831 and 0.780, respec-
tively, gender (GENDER_F and GENDER_M) appears 
to be extremely relevant, for instance. This shows that 
the model’s gender component is a powerful predictor. 

Blood group features (e.g., BLOOD_GRP_A-, BLOOD_GNE_SS) 
also appear to have high significance scores, suggesting that they 
have a significant impact on the predictions made by the model. A 
few more months with reasonably high relevance scores include 
May, March, January, and December, indicating that these months 
are equally important in predicting the target variable. 

The squared difference between the actual target values and the 
predicted values produced by the decision tree regression model is 
roughly 0.2825 on average, according to the decision tree regres-
sion result with an MSE of 0.28250500491181. 

In regression tasks, mean square error (MSE) is frequently em-
ployed in conjunction with other metrics such as mean absolute er-
ror (MAE) and R-squared to evaluate the model. It offers a numeri-
cal indicator of how well the model conforms to the facts. 

Model representation
Y=β0+β1X1+β2X2+...+βpXp+ε becomes CGPA = β0+ β(MONTH)+ 

β(BLOOD_GRP)+ β(BLOOD_GNE)+ β(GENDER)+ ε. ….iii This model 
allows for the reasonably accurate prediction of a student’s CGPA 
based on their blood group, blood genotype, month of birth, and 
gender. Not only that, but it is also possible to forecast this stu-
dent’s grade. 

Consider the case where MONTH January has a coefficient of 
0.1506, BLOOD_GRP_A+ has a coefficient of 0.1222, BLOOD_GNE_
AA has a coefficient of 0.0345, GENDER_F has a coefficient of 
0.8315, and the intercept value is 1.6114 in table 2. 

After changing the values of the elements (independent vari-
ables) in the model mentioned above (equation iii), we obtain:

1.6114+0.1506+0.1222+0.0345+0.8315 is the CGPA. 
2.7502 is the CGPA. 

Conclusion
The thorough analytical research on how biological character-

istics like gender, blood type, and blood group affect students’ aca-
demic performance has shed important light on the intricate rela-
tionship between biological characteristics and academic success. 
Several important discoveries and conclusions have been drawn 
from the thorough study and review of pertinent data, providing 

insight into the connection between these biological parameters 
and academic outcomes.

In the first instance, the research has shown links between a few 
biological characteristics and academic achievement. For example, 
it has been discovered that there are various degrees of correlation 
between students’ academic achievements and blood group and 
blood genotype. These results point to possible directions for fu-
ture research into the underlying processes that could account for 
these associations, Also, the study has emphasized how crucial it is 
for academic research to take gender into consideration as a funda-
mental biological issue. Gender equity in educational results can be 
promoted by educational policies and initiatives, as evidenced by 
the gender differences in academic achievement that were noted. 

 The study has also brought attention to the necessity of a com-
prehensive strategy for comprehending the factors that influence 
academic achievement. Although biological elements are impor-
tant, they work in concert with numerous other socio-economic, 
environmental, and psychological factors to influence kids’ aca-
demic paths. It is consequently imperative that future research 
projects use interdisciplinary approaches in order to fully capture 
the intricacy of these connections.
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