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Abstract: This study consists of an attempt to optimize the K-Means Clustering Algorithm and calculate the
Full Time Equivalent (FTE) of each cluster based on the intern's daily work log data. The optimization will
be done by using some of K-Means Clustering’s validation methods to estimate the best K clusters of the
data. The validation methods that will be used to optimize the algorithm are the Elbow Criterion Method
and the Silhouette Score Index. The initial k cluster will be formed and evaluated using Davies Bouldin
Index analysis. The divided clusters are supposed to be classified by the rate of complexity of each project.
The calculated FTE will be used to estimate the workload for the current workforce. This estimation is
hoped to help companies decide in their hiring decision.
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1.  INTRODUCTION

There are a lot of changes that have to be done for companies to adjust to the COVID-19 pandemic. One of
the changes that are quite impactful is the work system shift from offline (at the office) to online (from home).
There are a few ways that a company implement this policy, and one of them is an online log report to track
worker’s start and end of work hours. Within the log report in several companies are listed the details regarding
the activity or work stages and its durations. The change in the work system caused many companies to reevaluate
the effectiveness and efficiency of their current number of employees. With the newly implemented work system,
workers’ productivity varies, and thus the company evaluation caused many industries to reduce their current
employees according to their productiveness [1-4].

This study aims to help the company calculate the needed workforce to finish a planned project and to help
decide on whether the company needs to hire new employees to lower the workload of the existing team of
employees. This study can be separated into three stages, with the first stage where the log data activity will be
grouped by the total hours worked on a project by an existing team of employees, which also include the average
duration by workers and by tasks. The first stage will be done using the K-Means Algorithm with the help of
Silhouette Score Analysis and Elbow Graph to help determine the initial K as well as the Davies-Bouldin Index to
evaluate the created group [5-16]. The second stage is calculating the current workload of each group of projects
that has been grouped. The second stage will be done by using the standard full-time equivalent formula [17]. The
last stage will include the result from the first and second stages as the basic logic for creating a simple interface
that can be used to produce recommendations regarding the workforce needed to finish future projects within the
targeted time. The third stage interface will be made using a Python programming language in the Jupyter
Notebook application.

2. METHODOLOGY

2.1. Data

The data that is used for this study is based on a company division that is in charge of analyzing the data of
its employees as well as their customers. This study specifically focuses on the data analytics of the said company.
The data consists of qualitative data such as job hierarchy, stage of analysis, name of the project, the name of the
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worker, and details for finding during any stage of analysis. The quantitative data are the date of work and duration
of work that is done for each stage of analysis. This study was focused on workers within the intern level of the
job hierarchy and the duration of the observation will be of one year. The data is collected by directly asking the
supervisor of the interns that is working in the company.

2.2. Observed Variables

This study used the total duration of work, as well as the average duration, based on the number of workers
and stages of analysis that are needed to finish each project.

2.3. Method of Analysis

This study consists of 2 analysis steps and 1 interface-building step. The first step will include grouping the
observed data and labeling the grouped data based on its characteristics. The second step is about calculating the
workload condition of each group. The third step will conclude the result gained from the first and second steps to
create a simple interface that can give recommendations for planned projects in the future. The analysis will be
conducted using Jupyter Notebook.

K-means clustering is one of the most used algorithms to group data into clusters based on similar
characteristics. This is a non-hierarchical clustering method with its main procedure determining the initial
centroid, calculating the nearest data points to the centroid, and calculating the new centroid based on the existing
groups until the centroid stays constant [5—7]. The distance can be measured using the (1) equation. The proposed
method in this study is to help approximate the optimal number of clusters by using the result comparison of Elbow
Graph Analysis and Silhouette Score Analysis. Elbow Graph Analysis consists of calculating the smallest number
of Within Cluster Sum of Squared Error (WCSS) for each number of clusters [8-12]. The equation to calculate
the WCSS can be found in equation (2). Silhouette Score Analysis calculates the difference in distance of a data
point within its cluster and the nearest data points of other clusters, which then is divided by the max value of
either distance as shown in equation (3) [13-15]. Two of the most likely optimal number of clusters will then be
evaluated using the Davies-Bouldin Index method, which formula can be seen in equation (4). Davies-Bouldin
Index is used to make sure the distance between cluster is the farthest while the distance between data points in a
cluster stay minimal [16].

Dgj = \/(Xu’ = Cj)? + (o — Gp)?* 4 -+ (i — Cj)? 1)
Dyijy . distance between data point i to centroid j
Xyi . data point i on the k data dimension
Cij : centroid j on the k data dimension
K
SSE = Z Z Xii = Carll2 @)
k=1x;ES
K : the maximum number of clusters
k . the number of clusters that is formed
X . data point i on the k-th cluster
Ck . centroid on the k-th cluster
b(i) —a(i
s@) = W ©)
s(i) . silhouette index/silhouette score
i . index of the data point
a(i) :average distance between a data point with another data point in the same cluster
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b(i) . average distance between the nearest data point of a cluster and another data point in a different
cluster
DB Index = Emax#] dfC-ll_,i') 4)
k . the number of clusters that is formed
S; . average distance between every data point with the centroid of cluster i
S; . average distance between every data point with the centroid of cluster j
d(C;, C;) . distance between centroid in cluster i and cluster

Full Time Equivalent (FTE) is a common method to calculate the workload that an employee has based on
their work hours divided by the standard work hours stated by the government and/ or company policy [17]. The
equation used to calculate the FTE can be seen in equation (5). Both work hours will be based on the same number
of days.

Actual Work Hour

FTE = 5
Total Work Hour Based on Company Policy ©)

The interface will be built like a simple calculator with the main input based on details about planned
projects.

3. RESULT AND DISCUSSION

Within the data that is used in this study, there are over 4000 rows of data. Within the duration of 1 year, the
number of projects that have been completed or at least finalized to be continued in the future is only 16 projects.
The log data includes daily discussion and daily progress report, which is excluded from the total duration and
number of task types. The number of workers may vary between projects because the internship system consists
of 2 or more interns working during the 3-months contract period. Within the 16 projects, there are some that have
5 interns working on the same projects but only have 3 interns at a time. The other 2 are different interns who also
worked on the projects in the past. The grouping will be based on the characteristics of projects that are in the data.
The data will be grouped, and all projects with a majority of data missing will be excluded from the analysis. The
grouped and cleaned data are shown in Table 1.

Table 1. Grouped Data by Project Name

Project Name Total Duration by Duration by

Duration Worker Task
10 7.5 7.5 7.5
34 50.5 50.5 16.8
24 122.5 61.3 30.6
27 172.0 172.0 43.0
33 239.5 119.8 119.8
2 43.5 10.9 6.2
12 104.0 34.7 17.2
9 309.5 103.2 44.2
22 324.3 108.1 54.0
5 262.3 262.3 37.5
17 339.0 169.5 56.5
29 421.9 211.0 60.3
32 502.8 251.4 71.8
23 529.8 269.9 75.7
13 5235 104.7 74.8
6 1266.2 253.2 180.9
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3.1. Clustering Grouped Project Data
The first step in K-Means Clustering is determining the optimal number of clusters labelled with k.
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Figure 1. Elbow Graph with Elbow Point Highlighted in Red Circle

The methods used for determining the best number of clusters in this study are the Elbow Graph Method
and Silhouette Score Analysis. Above is shown the Elbow Graph with the elbow point highlighted in a red circle.
The elbow point is on k equals 3 which means the optimal number of clusters based on Elbow Criterion are 3
clusters/ groups.
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Figure 2. Silhouette Score Graph with Best Score Highlighted in Red Circle

Silhouette Scores are determined by finding the number of clusters with the highest score. Above, the
Silhouette Score is plotted in a graph with the best score highlighted in a red circle. The best score is for k equals
3, which means that the optimal number of clusters is 3 clusters. The second-best score is for k equals 4, which
means that the optimal number of clusters is 4 clusters.

Since both the Elbow Criterion and Silhouette Score pointed out that the optimal number of clusters is 3,
the data will be clustered into 3 groups and 4 groups to be evaluated with the last step in this algorithm. The next
and last step in the clustering algorithm is to evaluate the formed cluster using the Davies-Bouldin Index.
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Table 2. Davies-Bouldin Index Score

Number of Cluster Davies-Bouldin Index
3 0.34513578
4 0.47847030

The result of Davies-Bouldin Index calculations can be seen in Table 2. The result suggests that the optimal
number of clusters for the project data is with k equal to 3.

Table 3. Grouped Projects Characteristics

Detail Level 1 Level 2 Level 3
Average Work Days 14 30 47
Minimum Worker 1 1 3
Maximum Worker 2 4 5
Least Work Duration 7.5 435 523.5
Most Work Duration 239.5 529.8 1266.2
Median
Number of Worker 15 2.5 4
Total Duration 123.5 286.65 894.85
Average
Duration per Worker 82.2 157.3 179
Daily Work Duration 8.4 11.8 20.3

Estimated Range
Work Duration 118.75 237.5 387.5

This concludes the clustering stage in this study. The characteristics of each level will be shown in Table 3.
The clustering is then classified into levels of complexity, with level 1 as the lowest complexity and level 3 as the
highest. Note that in the characteristics that are noted in Table 3, we can find an average daily work duration that
is more than 10 hours. This data is interpreted as the number of overtime work that may be done outside work
hours or work days by the workers.

3.2. Calculating Workload by Project Level of Complexity

Workload can be calculated by dividing the number of work hours done over a period of time by a worker
divided by the standard work duration that is established by the company in the same period of time. The total
duration in the data will be divided by the company work hours, which is 8 hours a day.

Table 4. Calculated FTE based on Level
Project Name  Total Duration FTE

10 7.5 0.200
34 50.5 0.337
24 122.5 0.817
27 172.0 0.860
33 239.5 1.198
2 435 0.580
12 104.0 0.347
9 309.5 0.774
22 324.3 0.811
5 262.3 0.874
17 339.0 0.848
29 421.9 1.055
32 502.8 1.257
23 529.8 1.324
13 523.5 0.997
6 1266.2 2.026

The Calculated FTE is adjusted based on the average characteristics in the group of complexity levels. The
classification that can be found in the results is underload for projects with an FTE score lower than 0.8, close to
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normal for projects with FTE score between 0.8 and 0.99, normal workload for projects with FTE Score between
0.99 and 1.28, and overload for projects with FTE score higher than 1.28 [17].

3.3. Interface Building

The interface will be made so that the user can input a few details about the planned project. The details
needed to give recommendations regarding the workforce needed are the Project name that is useful for identifying
the current calculated project, the start and end date of the planned project, and the estimated level of complexity
that the project has. The interface will then calculate the minimum number of workers needed and record the data
in the same window of the interface. Figure 3 shows the example of input and output that can be produced by the
built interface.

Intern Workforce Calculator for New Projects

Please input the necessary data below based on the new project!

Project name

Project Start Date: |24/07/2023
Project End Date: |29/09/2023

Project Level Estimation (Level 1 [simple] - Level 3 [complex]): |1

Calculate Record Clear

Total Duration (Days): |49 Working Days
Total Duration (Hours): 392.0 Working Hours

Approximate Number of Workers needed: 3 Interns

Project name Complexity Level Total Working Hours Approximate Minimum Worker
Test 1 1 56.0 Working Hours 1 Interns
Test 2 3 528.0 Working Hours 3 Interns
Test3 1 72.0 Working Hours 1 Interns
Test4 2 192.0 Working Hours 2 Interns
Test5 3 1264.0 Working Hours 4 Interns
Test 6 2 904.0 Working Hours 4 Interns

Figure 3. Calculator Interface

For example, in Figure 3, we can see that the test 7 project has a target to finish in 49 working days or
approximately 392 working hours with 3 interns working on the project. This calculation is based on the project
level estimation and project completion target that is inputted above.

4.  CONCLUSION

Based on the result in the first step of the analysis, the optimal number of clusters is 3, which is gained by
factoring the result of the EIbow Graph and Silhouette Score and then evaluated by the Davies-Bouldin Index. The
resulting group consists of 3 types of projects, ranging from projects with low complexity to projects with high
complexity. Each of the grouped data has its own characteristics, and their FTE is specified accordingly. This
result is then successfully compacted into a simple interface that can be given planned project details such as the
date of the start of the projects and the targeted duration of the project, as well as the estimated complexity of the
project, which then will recommend whether the current workforce is enough to tackle the said project.
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