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1. INTRODUCTION

Problem Statement
The company is selecting outstanding employees for promotion to motivate staff to
strive for excellence in their work. The Board of Directors (BOD) is evaluating which
department will be nominated for promotions this time.

Context:
As a Data Analyst at company, you are responsible for reporting to the Board of
Directors (BOD) on which key factors influencing employee promotion decisions and
predict whether nominating employees from that department would be reasonable.
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Dataset contains information about employees from various departments of a
company. It includes demographic details, education, work experience,
performance ratings, and training records.
Data has 155846 records and 14 columns.

About Dataset
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Data Dictionary



Using Machine Learning to
predict the missing value of
previous_year_rating
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2. EXPLORATORY DATA ANALYSIS

K-Means was chosen for handling missing values in previous_year_rating because it effectively groups
employees with similar performance characteristics
Using K-Means to cluster employees into groups based on 3 factors: avg_training_score , KPI met >80% ,
awards_won to ensuring a more accurate imputation. It is a fast and efficient method that maintains the
integrity of the data while avoiding bias
Using the Elbow method to select the optimal k parameter (k=4)
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2. EXPLORATORY DATA ANALYSIS 05

Apply k=4 in K-Means to cluster
employees based on performance
related features
Fill the missing values in
“previous_year_rating” by using the
average rating of each cluster
After filling the missing values, verify
the data to confirm that no missing
values remain



2. EXPLORATORY DATA ANALYSIS

Only 22,620 employees were promoted, while 133,226 employees were not, indicating a low overall promotion rate
Sales & Marketing is the largest department in terms of employee count (48,189 employees) but the promotion
rate is only 13.6%
R&D has the fewest employees (3,262), however it has the highest promotion rate (21.5%), significantly higher
than other departments
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2. EXPLORATORY DATA ANALYSIS

R&D has the smallest number of employees, but it has the highest award-winning rate at 4.6%
Finance and Technology have relatively fewer employees, but their award-winning rates are quite high, at 3.6% and
3.4%, respectively
Sales & Marketing has the highest number of employees, which explains why it also has the most award winners
(1,124 employees). However, award recipients only make up 2.3% of the department
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2. EXPLORATORY DATA ANALYSIS

R&D has the highest KPI achievement rate (50.2%), meaning most employees in this department meet their targets
despite being a small team
Finance has the second-highest KPI achievement rate at 48.5%, just behind R&D (70.2%)
The remaining departments have a relatively consistent KPI achievement rate, fluctuating around 42-43%
Sales & Marketing department has the lowest KPI achievement rate, at only 35.8%
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2. EXPLORATORY DATA ANALYSIS

R&D has the highest average training score (83.2), while
Sales & Marketing has the lowest (52.8).
=> This suggests a significant gap in training levels across
departments

R&D received the highest average rating from the previous
year, whereas Sales & Marketing had the lowest. 
=> This aligns with their training scores and may indicate a
correlation between training and performance.
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2. EXPLORATORY DATA ANALYSIS

After analyzing the factors related to promotion by department, R&D and
Sales & Marketing were selected for the prediction model because they
show the opposite results

R&D:
Highest promotion rate (21.5%) despite having the fewest employees
Highest average training score (83.2)
Highest previous year rating, possibly reflecting strong performance

Sales & Marketing:
Largest department but low promotion rate (13.6%)
Lowest average training score (52.8)
Lowest previous year rating -> may impact promotion opportunities
Lowest KPI completion rate (35%), which could be a key factor

=> This selection helps create a clear comparison and validates the key
factors influencing the prediction
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R&D Department3. PROMOTION ANALYSIS

Employees with "Bachelor's" and "Master's & above" degrees have higher promotion
Men (2,180 not promoted, 615 promoted) have a higher promotion rate compared to women (382 not promoted, 85
promoted
The "Other" recruitment channel shows the highest number of promotions (429), suggesting it may attract more promising
candidates.
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3. PROMOTION ANALYSIS R&D Department

Both promoted and not promoted employees share a
similar peak density around the age of 30. 
=> However, this may indicate that mid-career employees
are most active in seeking promotions.

Employees with 2 years of service in the R&D
department dominate the distribution, suggesting
that the early career phase is critical for this department
A steep decline after 2 years indicates challenges in
retaining employees long term, or fewer opportunities in
later years
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3. PROMOTION ANALYSIS R&D Department

The green line graph shows that most employees have
only undergone 1 training course
=> This may imply that employees receive limited training
opportunities or that many employees prefer fewer
sessions

The density plot indicates that employees with higher
training scores are more likely to be promoted.
The promoted distribution peaks at higher training
scores compared to the not promoted distribution 

13



3. PROMOTION ANALYSIS Sales & Marketing Department

The highest number of promoted employees holds a Bachelor's degree (4,509)
Male employees form the majority of both promoted (5,456) and not promoted (33,510) categories, indicating a gender
imbalance
The "Other" recruitment channel contributed the most promoted employees (3,654) similar to R&D department, indicating its
effectiveness in attracting talent with higher promotion potential
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3. PROMOTION ANALYSIS Sales & Marketing Department

The density distribution highlights a prominent peak
around the age of 30 for both promoted and not-
promoted employees similar to R&D department
=> This suggests that individuals in their early 30s are highly
active in their career progression or opportunities around
that age are abundant

The data shows that the highest concentration of
employees falls in the 0–2 years of service range
Beyond 2 years, the curve slopes gently, suggesting that
employees who remain past this initial phase tend to stay
longer-term but in smaller numbers
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3. PROMOTION ANALYSIS Sales & Marketing Department

Similar to R&D departmment, most of employees
have completed 1 training course
Beyond 4 courses, the number of employees plateaus
at a very low level, suggesting that only a small fraction
of employees engage in extensive training

Employees with average training scores around 50 are
most common in both promoted and not promoted
groups
However, the promoted distribution appears taller
and narrower, implying that higher training scores are
slightly associated with a greater likelihood of promotion
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4. PROMOTE PREDICTION R&D Department

Encoding 

Split data into train
and test, then apply
SMOTE on train
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4. PROMOTE PREDICTION - Random Forest

The Accuracy Score is 80%, indicating that the model performs
well overall
Low Precision for the "Promote" class (0.56), this means that
only 56% of employees predicted to be promoted were actually
promoted
The most important features for prediction include average
training score, age, and length of service
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4. PROMOTE PREDICTION - Random Forest

Using GridSearchCV, the model reached an Accuracy of 81.01%, indicating a strong ability to predict employees
promotion (increase from the previous 80%)
The Precision increased to 0.61, meaning the model is more accurate in identifying employees for promotion

=> Using GridSearchCV in Random Forest get higher accuracy and precision than previous
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4. PROMOTE PREDICTION - Gradient Boosting

Accuracy Score: 81.5%, slightly higher than Random Forest (81.01%), this indicates that the Gradient Boosting model
performs slightly better overall
Precision 0.65 => the model correctly identifies more employees who are actually promoted
"Length of service" is the most important feature, followed by "Previous year rating" and "Avg training score"
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4. PROMOTE PREDICTION - Gradient Boosting

Using GridSearchCV results higher Accuracy Score:
81.63% than the previous Gradient Boosting model
(81.5%)
Precision is 0.64, slightly lower than the previous
0.65 but still better than Random Forest.

=> Using GridSearchCV in Gradient Boosting get
similar results with Random Forest

21



Sales & Marketing Department4. PROMOTE PREDICTION

Encoding 

Split data into train
and test, then apply
SMOTE on train
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4. PROMOTE PREDICTION - Random Forest

The Accuracy Score is 84.4%, indicating that the model
performs well overall
Low Precision for the "Promote" class (0.38), means that the
model incorrectly promoted too many employees, leading to
unrealistic expectations and possible unfair decision-making
The most important features similar to R&D department  
include average training score, age, and length of service
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4. PROMOTE PREDICTION - Random Forest

Using GridSearchCV, the model reached an Accuracy Score: 87.3%, which is higher than the previous model's
84.4% suggests that Grid Search optimization has improved the model’s predictive performance.
The Precision increased to 0.69, means that the model makes fewer mistakes when predicting promotions,
leading to more accurate and fair decision-making, making the model more reliable for promotion decisions,
ensuring that promotions are given to deserving employees.

=> Using GridSearchCV in Random Forest has significantly improved the model’s performance

24



4. PROMOTE PREDICTION - Gradient Boosting

The Gradient Boosting model performed very poorly in Sales & Marketing department.
Very Low Accuracy (23.8%) => The model is making incorrect predictions most of the time.
Precison 0.14 => Only 14% of employees predicted for promotion were actually promoted, which means that the model is
predicting a lot of employees who will be promoted but are predicting the promotion incorrectly
But the Recall 0.89 => The model correctly identifies most of the actual promotions
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4. PROMOTE PREDICTION - Gradient Boosting

Using GridSearchCV, the Gradient Boosting model
still performs poorly.
Accuracy is only 14.66% => The model is incorrect
most of the time, meaning it struggles to generalize
well.
Precision 0.14 => Only 14% of predicted promotions
were correct, which means that the model is
predicting a lot of employees who will be promoted
but are predicting the promotion incorrectly
But Recall 0.90 => The model correctly identifies
most of the actual promotions, but this comes at the
cost of high false-positive rates.
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5. CONCLUSION

Differences
The significant difference between the two departments shows that training and
job performance have a major impact on promotion opportunities
R&D employees have a high promotion rate due to their capabilities, strong
training, and high performance
Sales & Marketing needs to improve training and job performance to increase
promotion opportunities for employees

Similarities
Education: Employees with "Bachelor's" and "Master's & above" degrees have higher promotion for both
departments
Age: Both departments have the age peak around of 30 for both promoted and not-promoted employees => This
suggests that individuals in their early 30s are highly active in their career progression or opportunities around that
age are abundant
Length of service: Most employees work for 2 years, then the number gradually decreases and drops sharply after 5
years
Recruitment: The "Other" recruitment channel contributed the most promoted employees 
Training: Most of employees have completed 1 training course, employee with higher scores

       are tend to promote
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5. CONCLUSION

R&D Department: Models show relatively balanced performance, with
Gradient Boosting GridSearchCV achieving the highest accuracy (0.816).
However, precision do not differ significantly between the models
Sales & Marketing Department: Performance is inconsistent. Random
Forest GridSearchCV has the highest accuracy (0.873) and improve precision
(0.69), but Gradient Boosting GridSearchCV achieves very high recall (0.958) at
the cost of lower precision and accuracy

The model performs
differently across
departments
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Thank You
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