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Section 1 

 

 

Pre_score is wrongly formatted, as it should be numerical, but it is set to character. It should 
be numerical because it is an actual numeric value tied to the variable, and not categorized 
into different categories for different scores. 
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Section 2 

 

 

 

The percentage of online vs. classroom courses is 74.32%. 

 

 

The department that offers the most courses is technology with a little over 700 courses, 
where most of them are online. 

The department that offers the lowest proportion of online courses is Engineering, with the 
amount being ~90. 
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With courses that have no pre-requirements (None), we can see that it has the highest count 
of enrollment, with the enrollment count between ~250 – 265 happens of a frequency of ~450 
times. The highest frequency in the “None” pre-requirement group, is online courses. 

The Beginner pre-requirement also has some frequencies, with online courses with count of 
enrollment as ~235 – 255 with frequencies at ~175. 

The Intermediate pre-requirement has the lowest amount of frequencies distributed across 
counts of enrollment, which could make sense since it has the most difficult pre-requirement. 
Here the frequency sits at ~60, with the counts of enrollment ranging from 150-~175 for 
classroom courses and ~225 - ~250 for online courses. 
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From the plot, with added regression line, it shows that Engineering has a positive trend 
regarding mean improvement scores over the years 2012.5 – 2022.5. This is a very positive 
thing, since it clearly shows that over time the students improve. It also shows that students 
enrolled in Engineering online courses have the highest mean improvement score. 

The departments that suffer a negative trend are Science and Mathematics. For Science, 
there is a negative trend line for both classroom courses and online, with classroom courses 
showing the most negative trendline over the years. For Mathematics, the negative trendline 
only applies to the classroom course type, but it has to be said that it shows not a severe 
negative trend, but a negative trend nevertheless. 
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Section 3 

 

 

𝐻0: 𝜇𝑝𝑜𝑠𝑡 = 𝜇𝑝𝑟𝑒 

𝐻1: 𝜇𝑝𝑜𝑠𝑡 ≠ 𝜇𝑝𝑟𝑒 

 

 

From the paired t-test, the p-value < 0.05, t = 45.187 and df = 1849. 

95% confidence interval: [24.5849 ;  26.81587] 

Since the p-value is below 0.05, we can reject the null hypothesis and conclude that there is a 
statistically significant difference between the group means. The p-value represents the 
probability of observing a test statistic as extreme as the one calculated, assuming the null 
hypothesis is true. In this context, it tells us how likely it would be to see the observed 
difference in average scores between post scores and pre scores if there were no difference. 

The t-value tells us that the observed difference in means is 45,187 standard errors away from 
zero. A larger absolute t-value means more evidence against the null. 

The 95% confidence interval does not contain 0, which supports the conclusion of significant  
difference. It means we are 95% confident that the true difference in means lies between 
24.5849 and 56.81587. 
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The difference in mean is 25.70038, indicating that the difference in means is not zero, which 
means there is statistically significant difference in the average scores for post_score and 
pre_score segments. 

The paired t-test is appropriate on this specific occation because we want to compare 
before/after or matched values from same subjects. 

Section 4 
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Full_model Interaction_Model 

  

 

The residuals vs Fitted plot checks linearity and homoscedasticity, or constant variance. 

From the plot we can see that both fitted models look very similar, both the favors the 
interaction model slightly. The residuals look roughly randomly distributed, but have the most 
observations between y = -10 and 10. 

The adj.r.squared for the full model equals 0.286 and the interaction model equals 0.291, 
indicating the interaction model serves better. But it is noted that the adj.r.squared is not that 
high, indicating that the models does not explain the post scores very well, but only 28.6% 
and 29.1%.  

We can see that both models have F > 60, indicating that it is good models, and the full model 
having F = 83-26 > interaction model F = 69.99. 

 

Full model 

The only significant predictor is the pre_score variable, having an extremely low p-value. Beta 
is ~0.15, meaning higher pre scores increase post scores. 
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Section 5 

 

 

 

 

• The model gives good accuracy of 75.61%, indicating that it classifies a good majority 
of observations correctly.  

• Sensitivity = 0.8918: The model detects nearly all actual positives, minimizing false 
negatives. 

• Specificity = 0.3960: The model correctly identifies ~40% of the actual negatives, but 
has a majority of false positives. 

• Precision (pos pred value) = 0.7967: When the model predicts a high performer, it is 
correct ~80% of the time. 

• Kappa = 0.3194: Indicates a good agreement beyond chance 
• Balanced Accuracy = 0.6439: Useful when class distribution is imbalanced, this value 

is over 0.5 but could be higher. This is due to specificity. 
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The asymmetry in sensitivity and specificity means that the model does not always predict 
correctly the high performers, which could lead to misplacement in categories when the 
university looks at the data. 

The model performs decent, especially in detecting high performers. To improve the model, it 
could maybe include gender-based insights to get a better overview of who the actual high-
performers are, and could also include age, demographics etc. However, ethical 
considerations around different genders and demographics should be noted. 

Section 6 

 

Confusion Matrix Variable Importance plot 
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Interpreting result: 

Confusion Matrix: 

• Accuracy: 0.7344 → Model correctly predicted ~73% of outcomes 
• Kappa: 0.2537 → Model moderate agreement beyond chance 
• Sensitivity: 0.8806 → Model correctly identified 88% of high performers 
• Specificity: 0.3465 → ~35% of non-high performers were correctly identified 
• Balanced Accuracy: 0.6136 → Moderate performance across both classes 

 

The logistic regression has higher accuracy: 0.7561 > 0.7344, but not by a lot. Furthermore, 
the kappa is also higher for the logistic regression model, giving kappa of 0.3194 compared to 
random forest kappa of 0.2537. This is by quite some margin. The sensitivity and specificity for 
the logistic regression model are also higher, with values of 0.8918 > 0.8806 and 0.3960 > 
0.3465, respectively. The balanced accuracy is therefore also higher for the logistic regression 
model. 

Overall, the logistic regression model has better indicators, ultimately leading to being the 
overall better model in this case. 

Variable Importance Plot 

Higher value equals more impact on prediction accuracy. In the plot, we can see that 
pre_score and department, respectively, have the highest values (~60 and ~10) and therefore 
are the most important predictors of high performers. 

 


