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Introduction 
 
 
In this paper, we delve into the analysis of the student-por data set which focuses on language courses. 
This data originates from two schools in Portugal and provides insights into student performance in 
Portuguese. The dataset encompasses aspects, including student achievements, demographic details, 
social factors, and school-related attributes. Cortez and Silvas 2008 study utilized these datasets for tasks 
like classification, quintile classification, and regression analyses. For detailed information on this dataset 
and the analytical approach used refer to Cortezs study titled "Student Performance" from 2014 available 
in the UCI Machine Learning Library at https;//doi.org/10.24432/C5TG7T. 
 
This report aims to delve deeper into the dataset by exploring how different variables impact students' 
academic performance in G3. We hypothesize that several factors play a role in predicting students' final 
grades (G3) which are parental educational backgrounds (F_edu and M_edu) study time (studytime) 
aspirations for higher education (higher) failures in exams per course (failures) and school support 
(schoolsup). Our initial assessment involved testing G3 for normality using the Shapiro-Wilk test. The 
results indicated deviations from a distribution supporting our hypothesis and suggesting the need for 
nonlinear modeling techniques. We use the Linear Regression Model， the Over-dispersed Poisson 
log-linear model, and the Gamma log-linear model to support our idea. 
 

Data and methodology 
 
First, we use a histogram to visualize the G3 - final grade. We find many values of 0 in the histogram. 
They need to be deleted before analysis.  
 

                                          
 

Next, we perform data exploration and descriptive analysis. The variables Medu (mother’s education) and 
Fedu (father’s education) represent the educational level of the students’ parents. The mean for mothers is 

 
 

 

 



2.51 and for fathers is 2.31, which indicates that the average educational level of parents ranges from 5th 
grade to secondary education. Because in the variables Medu and Fedu are 0-4, numeric: 0 - none, 1 - 
primary education (4th grade), 2 - 5th to 9th grade, 3 -secondary education or 4 - higher education) The 
educational level of the parents is Key socioeconomic factors affecting student academic performance. In 
the G3 mean, we see that 11 is in the middle of the pack. 
 

 
 
The average travel time was 1.57 (range 1 to 4). Longer travel times may be related to living in less 
accessible areas, which may be related to socioeconomic status. Students from lower socioeconomic 
backgrounds may have longer commutes due to the location of affordable housing relative to school sites. 
 
Grades for academic grades (G1, G2, G3) showed a medium range and variability, suggesting that 
students' final grades were not very high. It must be affected by many factors, which is also the focus of 
our next analysis. 
 
After completing the numeric exploration, we continued with categorical variables. 
 
Categorical Variables 
 
From a demographic perspective, there are more female students than male students, which may affect 
class dynamics and may indicate differences in educational engagement between genders. There is even 
more of an impact on the romantic variable because students are in love at this stage. You will have some 
longing for love or start trying to fall in love. As a result, performance may be affected. However, in the 
love variable, fewer students are in romantic relationships, which may make them focus more on 
academics and personal development. This is a very good phenomenon. 
 

 
 

 

 



 

 
 
 
 
The dominance of larger family sizes at the household level may affect the economic and educational 
resources available to each child. With more children, parental supervision is also an issue worth 
considering. Most students live in urban areas, and commuting will not affect the quality of students' 
classes. Because thinking about it from another perspective, if students need to spend a lot of time on the 
road every day, then they will be sleepy in class. The diversity of parents' employment is noteworthy, with 
many parents working in sectors labeled "other" or "services". Mothers often worked at home or in 
service jobs, while fathers also worked primarily in the “other” and “service” categories. This also proves 
that most parents have no experience in teaching their children. In other words, as a teacher, you will have 
more experience teaching your children. 
 
Judging from the school's attendance the majority of students attend Gabriel Pereira (GP), suggesting that 
students may be concentrated in this area or prefer this school to Mousinho da Silveira (MS). The large 
number of students who receive no school support at the school level highlights potential areas for 
educational intervention. Instead, most students have family support that facilitates their academic 
success. The vast majority of students aspire to pursue higher education, indicating a high educational 
ambition among the student body. Most students attend kindergarten, which may contribute to better 
preparation for formal education. In other words, most children are starting from a similar starting point 
and no one is left behind educationally. 
 
 
The three histograms showed that the overall school grade remained consistent across the study periods. 
The three charts also show that overall student achievement ranges from 9.75-14.25. This indicates that 
the school's overall academic level is in the upper-middle range. Gender may be associated with different 
performance within schools, which may be due to different educational experiences or social 

 
 

 

 



expectations.The Gabriel Pereira High School and the Mousinho da Silveira High School may have an 
impact on student achievement depending on the type of school. It also reflects the quality of academic 
teaching or the school's academic environment.  
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Overall, study time is an important factor. The amount of time invested in studying will be directly 
proportional to the overall performance in the Portuguese language course. However, in the PLOT, we 
found outliers. This suggests that the time invested in studying does not always lead to higher grades, 
which may indicate the influence of the quality of learning or the learning environment as well as other 
factors. 
 
Numeric Variables 
 

 
 
 

 

 



 
 

 

  
 

1.​ Age: The average age of students in the dataset is approximately 16.74 years, with a 
relatively narrow spread indicated by a standard deviation of 1.22 years. 

2.​ Mother's Education (Medu) and Father's Education (Fedu): On average, both mothers and 
fathers have completed around 2 to 2.5 levels of education, with similar median values. 
The standard deviations suggest some variability in parental education levels. 

3.​ Travel Time: The average travel time from home to school is approximately 1.57 units, 
with a standard deviation of 0.75, indicating relatively consistent travel times among 
students. 

4.​ Weekly Study Time: Students spend an average of about 1.93 units studying per week, 
with a standard deviation of 0.83, suggesting some variation in study habits among 
students. 

5.​ Past Class Failures: On average, students have experienced very few past class failures, 
with an average of only about 0.22 failures, and the majority of students having no past 
failures.Family Relationships (Famrel): Overall, students report relatively high levels of 

 
 

 

 



satisfaction with family relationships, with an average rating of about 3.93 on a scale of 1 
to 5. 

6.​ Free Time, Going Out, Alcohol Consumption (Dalc and Walc), and Health Status: 
Students generally report moderate levels of free time, going out, weekday and weekend 
alcohol consumption, and health status. The standard deviations indicate some variability 
in these lifestyle factors among students. 

7.​ Absences: On average, students have around 3.66 absences from school, with a relatively 
wide spread indicated by a standard deviation of 4.64, suggesting some students have 
higher rates of absenteeism. 

 
Relationship with G3 
 

 
 
According to the correlation table, there are several variables showing high correlation with potential high 
influence on G3. Father's Education (Fedu): Moderate positive correlation (0.24015). Higher 
education of fathers correlates with higher final grades. 

1.​ Study Time: Moderate positive correlation (0.21180). More time spent studying 
correlates with higher final grades. 

2.​ Past Failures: Moderate negative correlation (-0.39332). More past failures correlate with 
lower final grades. 

3.​ Going Out: Moderate negative correlation (-0.24979). Increased frequency of going out 
correlates with lower final grades. 

4.​ Health Status: Weak negative correlation (-0.20472). Poorer health correlates with lower 
final grades. 

5.​ Absences: Weak negative correlation (-0.17662). Higher absences correlate with lower 
final grades. 

A Variance Inflation Factor (VIF) test was conducted to 
assess multicollinearity among the predictors. The VIFs 
ranged from 1 to 2 for all variables, indicating no 

 
 

 

 



significant multicollinearity and thus retaining the validity of the regression model coefficients. 

The initial regression model demonstrated an R-Squared value of 0.2441 and an adjusted R-Squared of 
0.2382, indicating that approximately 24% of the variability in the final grades was explained by the 
model. All variables were statistically significant with p-values less than 0.05. 

Upon further examination using Cook's distance, several influential data points were identified. To 
improve the model's accuracy, observations with a Cook's distance greater 
than four times the mean were removed. 

A refined model was fitted after the exclusion of these points. The new 
model's R-Squared improved to 0.2883, indicating a better fit than the 
initial model. This final model included failures, Medu, studytime, and 
Dalc as predictors.​

 

The refined model's goodness of fit was quantitatively stronger, and residual analysis confirmed the 
assumption of normally distributed errors — a crucial consideration for the validity of 
a linear regression model. Both the histogram of residuals and the Q-Q plot indicated 
that the residuals followed a normal distribution. 

The coefficients of the final model were as follows: 

 

Association between numeric variables and G3: 

Medu (Mother's Education): The positive coefficient (0.52842) suggests that an increase in the mother's 
education level is associated with an increase in the student's final grade. Each additional level of mother's 
education is predicted to increase the final grade by about 0.53 points. Studytime: The positive coefficient 
(0.54437) indicates that more weekly study time is associated with higher final grades. Each additional 
level of time spent studying per week is predicted to increase the final grade by roughly 0.54 points. 
Failures: The negative coefficient (-1.72054) implies a strong inverse relationship between the number of 
past class failures and the final grade. Each additional failure is associated with a decrease of 

 
 

 

 



approximately 1.72 points in the final grade. Dalc (Workday Alcohol Consumption): The negative 
coefficient (-0.49221) indicates that increased alcohol consumption on workdays is correlated with lower 
final grades. Each additional level on the alcohol consumption scale corresponds to a decrease of about 
0.49 points in the final grade. 

 

 

Analysis of Student Performance 
 
1. Linear Regression Model (Stepwise Selection) 

The results from the linear regression  stepwise selection  in SAS reveal key factors influencing student 
performance (G3): 

Age: Older students tend to perform slightly better. 
Mother's Education (Medu): Higher education levels of the mother are positively associated with student 
grades. 
Study Time: More study time correlates with better academic performance. 
Failures: Previous failures have a strong negative impact on grades. 
Health: Poor health negatively affects grades. 
Absences: More absences lead to lower grades. 
School Support: Interestingly, school support is linked with lower grades, possibly indicating that it's 
provided to students who are already struggling. 
Aspirations for Higher Education: Strong aspirations correlate with higher grades, likely reflecting higher 
motivation. 
Romantic Relationships: Being in a relationship is slightly negatively associated with grades. 
Father's Job as a Teacher: Having a father who is a teacher is positively linked with student performance, 
possibly due to an academically supportive environment at home. 

 
 

 

 



 

 

2. Over-dispersed Poisson Log-linear Model 
Deviance and Pearson Chi-Square values close to their degrees of freedom (600) suggest a decent model 
fit. These determine the statistical significance of each predictor. Significant variables (p < 0.05), such as 
'failures' and 'higher education aspirations' (higher_yes), strongly influence the final grades.  
 
Type 1 Analysis: Looks at each variable's effect sequentially as they are entered into the model. This 
reveals how much each additional variable adds to the model. 
Type 3 Analysis: Assesses the effect of each variable while controlling for all other variables, which is 
crucial for understanding individual predictors' contributions when other variables are accounted for. The 
selected predictors are: 
Age: Highly significant (P < 0.0002), older students perform better. 
Studytime: Significant (P = 0.0011), more study time improves grades. 
Failures: Very significant (P < 0.0001), failures strongly decrease performance. 
Goout: Significant (P = 0.0221), frequent socializing correlates with lower grades. 
Absences: Significant (P = 0.0018), more absences lead to poorer outcomes. 
Female: Significant (P = 0.0088), gender influences performance. 
School Support: Significant (P = 0.0007), indicates support is often given to struggling students. 

 
 

 

 



Higher Education Aspirations: Very significant (P < 0.0001), aspirations boost performance. 
Activities: Significant (P = 0.0221), activities participation is linked to better grades. 
 
 
Model Selection 
 
1. Linear Regression Model (Stepwise Selection) 
 

 
Root MSE: 2.17670 
Dependent Mean: 12.18770 
R-Square: 0.3688 
Adj R-Sq: 0.3461 
AIC: 1642.90571 
AICC: 1644.56201 
BIC: 1100.39874 
This model's moderate R-Squared and Adjusted R-Square values suggest it explains about 34-37% of the 
variance in the dependent variable. Lower AIC and BIC values compared to other models may indicate a 
more effective balance of model complexity and fit. 
 
2. Over-dispersed Poisson Log-linear Model 
 

 
 

 
 

 

 



AIC: 3049.2756 
AICC: 3053.2489 
BIC: 3200.6453 
-2 Log L: 2944.8763 
This model shows the highest AIC and BIC values, indicating it might be less effective in balancing fit 
and complexity compared to the logistic model. 
 
The linear model has significantly lower AIC and BIC values compared to the over-dispersed Poisson 
model. Lower AIC and BIC values generally suggest a model that better balances fit and complexity, 
making the linear model potentially more suitable for this dataset based on these criteria. Additionally, the 
R-Square for the linear model suggests it explains approximately 36.88% of the variance in the dependent 
variable, which is a useful measure of model efficacy not directly comparable via AIC/BIC in the Poisson 
model context but helpful for understanding model explanatory power. Based on the provided statistics, 
the linear model appears to be a better fit for the data than the over-dispersed Poisson log-linear model, as 
indicated by its lower AIC and BIC values. 
 
 
Cluster Analysis 
 
We will perform a hierarchical cluster analysis with the aim of exploring potential clusters in the dataset 
porr. Cluster analysis helps to identify patterns in the data to support subsequent data analysis and 
decision-making. We then embarked on a cluster analysis and hierarchical clustering with an average 
linkage approach, again trying to identify links to G3. Based on the stepwise selection of the previous 
large model, we selected significant variables with a p-value of less than 0.05. These included mother's 
education level (Medu), father's education level (Fedu), studytime, failures, daily alcohol consumption 
(Dalc), age, and absences. 

 

 
 

 

 



​
​
 

 
 
 
The results in CCC and pseudostatistics indicate that we can categorize the clusters into 5. But in 
Dendrogram, if we set the clustering distance to 1, we get 6 clusters. Then, frequency statistics are 
performed for the grades (G3) in each cluster using. This helps us to understand the specifics of the 
distribution of grades in different clusters, such as which clusters have students with high or low grades. 
Cluster 1 has high academic achievers with grades between 10 and 16. Cluster 2 has a moderate 
distribution of scores between 8 and 12. Cluster 3 has a more dispersed but generally low performance. 
Clusters 4 and 5 have small numbers of students in these two clusters and are not statistically significant. 
Finally, we used two steps: In the first step, we can get a selection of variables relative to the ranked same. 
This allows us to know which variable has the most significant relationship with G3. 
First, the variable failures were added to the model. This variable alone explains about 24.29% of the total 
variance, indicating that it has a significant effect on predicting G3. The F-value is 13.22 with a p-value of 
less than 0.0001, indicating that the addition of failures significantly improves the model's explanatory 
power. significantly, emphasizing the importance of failures. 
 

 
 

 

 



Next, Dalc was introduced into the model. The addition of this variable increased the explained variance 
of the model by about 8.57%. The F-value for this variable is 3.86 with a p-value of less than 0.0001, 
proving that Dalc is also categorically significant. The Wilks Lambda decreases to 0.6922 with a p-value 
of less than 0.0001, continuing to show the validity of the variable. 
 
In the third step, Medu was added to the model adding a partial R-square of 0.0865. Its F-value is 3.89 
with a p-value of less than 0.0001, showing that Medu contributes significantly to the model. The Wilks 
Lambda for this step is 0.6323 and the p-value is still very low, further confirming the differentiating 
power of the variables in the model. 
 
Subsequently, age was added to the model. Although its partial R-square contribution of 0.0593 is 
relatively small, the F-value of 2.58 and P-value of 0.0009 indicate that age is still statistically significant 
and has an important effect on the model. the Wilks Lambda of 0.5948 and the P-value of the significance 
test is less than 0.0001, which indicates that it is effective in differentiating between categories. 
 
Finally, study time was added to the model. This variable added a skewed R-square of 0.0477, which is a 
small contribution but still shows statistical significance with an F-value of 2.05 and a P-value of 0.0107. 
The Wilks Lambda was further reduced to 0.5664 with a P-value of less than 0.0001, suggesting that 
studytime is effective in distinguishing between the different G3 categories. 
 
 
 

Conclusion 
 
In summary, this report offers an examination of the student dataset related to Portuguese language 
courses focusing on the factors influencing students' academic success. The dataset, sourced from two 
schools in Portugal covers aspects such as demographics, social influences, and school-related details 
providing valuable insights into student performance. 
 
Our analysis reveals that several factors have an impact on a student's final grades (G3) including parental 
education levels, absences, age, health, romantic relationships, father's job, study time, aspirations for 
higher education, previous exam failures, and school support. By conducting exploratory data analysis 
and regression modeling we have identified predictors that affect student performance.  
 
Notably, variables like education levels, study time, and past failures display moderate to strong 
correlations with final grades. Additionally, factors such as health status, absences, and involvement in 
relationships also show notable associations with academic achievement. 
 

 
 

 

 



We utilized regression models like regression and over-dispersed Poisson log-linear models to assess the 
predictive abilities of these variables. The linear regression model especially showed a level of 
explanatory power by accounting for approximately 36.88% of the variability in final grades. 
 
Furthermore, through cluster analysis, we were able to identify student groups based on their 
characteristics and academic accomplishments. 
 
The study showcased the diversity among students. Offers valuable observations on how grades are 
spread across various groups. In essence, this report enhances our comprehension of the connections 
between different variables and student achievements, in Portuguese language classes. By pinpointing 
factors and examining their interactions teachers and policymakers can make educated choices to help 
students excel academically and thrive emotionally. 
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