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This study explicitly discusses helping job seekers predict salaries and
visualize job vacancies related to their future careers. Jobstreet Malaysia is
an ideal platform for discovering jobs across the country. However, it is
challenging to identify these jobs, which are organized according to their
respective and specific courses. Therefore, the linear regression approach
and visualization techniques were applied to overcome the problem. This
approach can provide predicted salaries, which is useful as this enables job
seekers to choose jobs more easily based on their salary expectations. The
extracted Jobstreet data runs the pre-processing, develops the model, and
runs on real-world data. A web-based dashboard presents the visualization of
the extracted data. This helps job seekers to gain a thorough overview of
their desired employment field and compare the salaries offered. The
system’s reliability as tested using mean absolute error, the functionality test
was performed according to the use case description, and the usability test
was performed using the system usability scale. The reliability results
indicate a positive correlation with the actual values. The functionality test
produced a successful result, and a score of 96.58% was achieved for the
system usability scale result, proving the system grade is ‘A’ and usable.
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1. INTRODUCTION

Internet job searching means using the Internet to find employment and job candidates; as such, it is
performed by employers and job seekers. Nowadays, many Internet users, especially teenagers, search for
their desired job [1]. Job seekers find this easier than traditional job searching methods, which involve
newspapers, flyers, and advertisements. Therefore, searching for work on the Internet is faster and offers
more options. Moreover, Internet job hunting provides an empirical scenario for understanding the
correlation between the quality and amount of information.

This study aims to visualize a vast range of jobs from all over the country, according to Jobstreet
Malaysia. Jobs are abundantly available for all graduates from any university or faculty in Malaysia to
browse. Jobstreet’s job information consists of multiple attributes such as the salary, position, job type and
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description, and location. However, far less information is provided in relation to the salary offered, the job
scope, and the requirements needed to apply for the job, which graduate students need to find and explore
[2]. The Society for Human Resource Management (SHRM) has received many requests from job seekers to
identify salaries [3]. Salary information has been a significant problem for job seekers because they tend to
compare salaries during their job search. Shlee and Karns [4] supported the evidence that graduate students
frequently search for a job with a higher starting salary. They tend to notice that a salary for a vacant position
is based on the current salary trends [5], but Jobstreet seems to offer limited information on the salaries
offered.

Besides, job seekers may face difficulties comparing and visualizing the demand and trends of the
jobs offered on Jobstreet. They are unaware of the higher positions offered on Jobstreet, so they cannot
choose a suitable company. Takle [6] claimed that most job seekers do not read the job description details,
and [7] proved that some vacancies do not provide the complete requirements, descriptions, expectations, and
provisions. According to [8], an effective job search strategy begins with the knowledge of yesterday’s,
today’s, and tomorrow’s technologies. Job searchers should pay greater attention to the current employment
trends when seeking work. As a result, it is critical to analyze and track the top ten job title categories to
monitor the frequency of the most in-demand titles and visualize this information [9].

This study implements a web-based application using Python based on the problems discussed
above. It helps users to quickly view the jobs offered on Jobstreet Malaysia in all domains. Therefore,
visualizing the data provides a visual representation that allows the user to see more quickly an overview of
all the posted jobs that met their criteria. Data extraction and visualization are the two key modules in the
study. A vast amount of data with multiple properties can be analyzed more easily with this tool. Hence, this
system allows job seekers to analyze jobs on Jobstreet more easily. This paper is organized as follows: it
begins with a brief introduction in section 1. Section 2 explains the related work, followed by the research
methodology in section 3. Section 4 elaborates on the results and discusses their reliability, functionality, and
usability. Finally, section 5 concludes the study and briefly mentions potential future improvements.

2. RELATED WORK
2.1. Jobstreet Malaysia

One of the leading employment information providers in Asia is Jobstreet. It was founded in
Malaysia in 1997 and is widely acknowledged to be one of Asia’s leading online employment marketplaces.
Its main vision is to connect businesses with talent and improve lives by advancing careers. Jobstreet
Malaysia entered the market and achieved profitability in early 1999 [10]. As a company, Jobstreet noticed
that over 10 million job seekers and over 90,000 employers utilized their services. Despite its many
competitors, such as LinkedIn, Monster Inc, and others, job seekers in Malaysia are still utilizing the
Jobstreet website because of its ease of use [11]. Most graduates use this website to search for a job. Jobstreet
has been in a robust position in Malaysia for almost 23 years. Hence, the Jobstreet website was chosen for
this study scope.

This study proposes the development of a web-based application written in Python. Obtained from
an online platform, the data was extracted from this website [12] with Python using web scraping. The data
scraping from the Jobstreet website was extracted for only six months from November 2020 to May 2021
because Jobstreet only allows clients to advertise their job vacancies. Only information in English was used.
However, the jobs offered on the Jobstreet website were not as expected because of the ongoing COVID-19
pandemic. The study scope covers all 13 jobs on Jobstreet, as listed in Table 1.

Table 1. Types of 13 jobs in Jobstreet
Types of Jobs
Account and Finance Job
Admin and Human Resources Job
Arts, Media and Communication Job
Building and Construction Job
Education and Training Job
Engineering Job
Healthcare Job
Restaurant and Hotel Job
Computer and Information Technology Job
10  Manufacturing Job
11  Sales and Marketing Job
12 Sciences Job
13 Services Job

o
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2.2. Linear regression

A supervised machine learning method known as linear regression (LR) is often used in mathematical
research approaches. It measures the expected effects and models these against numerous input variables [13].
In biological or clinical research, the researcher frequently attempts to comprehend or link two or more
independent (predictor) factors to predict an outcome or a dependent variable [14]. A prediction is a forecasted
future event [15], and LR is the most fundamental and widely used predictive analysis [16]-[18]. The internet is
growing continuously; for example, in recent years, Twitter has been generating 12 terabytes (TB) of data daily,
while Facebook has been generating 4 petabytes (PB) of data daily. As a result, collecting, examining, and
modeling this massive amount of data is critical to predicting future events in various fields [19].

Simple LR approaches are used in this study to predict each job’s salary based on years of
experience. The data trend is taken between November 2020 and May 2021 and helps the jobseeker predict
the trend, such as salary, using the data from Jobstreet. Analysis of regression estimates shows the connection
between one or more independent variables and a dependent variable. The task of fitting a single line through
a scatter plot is at the regression analysis’s core. The LR formula is in (1).

Y=a+bX 1)

The explanatory and dependent variables are both given as X. The slope of the line is b and the
intercept is a. The best-fit regression line has the smallest sum of the squares. The equation line of regression
is obtained by minimizing the sum of the squares created; this is presented as (2). Using the Scikit-learn
function, the LR was imported. Table 2 shows the three parameters involved in the LR ensemble process.
Using the Scikit-learn, we imported the LR, and Table 2 shows three parameters involved in the ensemble
process of LR.

2(x=-0)(y-y) (2)

m= "Sa-o?

Table 2. Parameters in the ensemble process of linear regression

Parameter’s Name Explanation
Fit (x, y) Fit linear model
Predict (x) Predict using the linear model
Score (x,y) Return the coefficient of determination of R2 of the prediction

2.3. Visualization techniques

There is no standard conceptual framework for visualization users across different application areas
can explain and share techniques [20]. Computer-to-perceptual representation mapping is called
visualization, and it uses encoding techniques to improve human comprehension and communication
[21]-[22]. Enhancing trust in modelling machine learning has driven demand increment in better and more
effective tools for visualization [23]-[25]. The four visualization techniques used in the study were the line
chart, bar chart, treemap chart, and word cloud. This made visualizing the Jobstreet website data more
effective [26]. Hence, it became easier to identify the patterns, trends, and outliers in massive datasets. This
study intended to transform the data into an effective visualization technique to provide information for job
seekers. We use plotly, an open-source interactive graphics library for Python for data visualization. The data
was first imported into the pandas’ data frames in interactive Python charts and displayed. The data was
visualized on the charts to enable rapid comparisons using several visualization techniques.

3. RESEARCH METHOD

Figure 1 shows the overview of the research design for overall system development. The study
methodology was divided into three sections for detailed development. It involved the system design, back-
end and front-end development.

3.1. System design

The application of a system’s product development principles might be considered system design.
The design process is facilitated by developing design diagrams. It involved the use case diagrams,
flowcharts, and user interfaces, as described in the following subsections.

Int J Artif Intell, Vol. 11, No. 3, September 2022: 1130-1142



Int J Artif Intell ISSN: 2252-8938 O 1133

3.1.1. Use case diagram

Internal and external factors are included in the use case diagram to gather the system requirements.
Figure 2 displays the use case diagram for this system as the interactions needed to complete the task. There
are eight cases involved directly from the user and four indirect cases for the system.

Web Scrappin Data
— F | .
JobStreet.com® PRing Collection
Write to CSV file
-——Read Jobstreet Data .
- B Data CSV File
Training Set .
| Pre-Processing | clagned Data— | \_/n\
4 Usabili
. . sability
Functionality Test Test
I—Use Case US—J
v Y v
. . Linear Regression Results and Data
Linear Regression - > ) o
Output Visualization

Figure 1. Flow diagram of research design

A Linear Regression Approach to Predicting Salaries With
Visualization of Job Vacancies: A Case Study of Jobstreet
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TN Prediction” Page
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Figure 2. Use case diagram of the system

— <<gutend>> — Download Jab File

3.1.2. Flowchart diagram

Figure 3 describes the flowchart of the overall design. Firstly, the user signs in to the system. In this
flowchart, users can register a new account or sign in. The user can register a new account if they do not yet
have an account. Following the “Visualization of Each Jobs” page, the user must choose a job and
visualization type. Next, if the user clicks the “Map Visualization” page, they must choose a job in order to
view the map visualization. For the “Tables” page, the user can download each job’s comma-separated value
(CSV) files. The user can also click on the “Jobstreet Website” page to be redirected to the Jobstreet site. If
the user clicks the “Prediction Salary” page, they are redirected to the prediction page, which predicts salaries
based on years of experience. Lastly, the user can click on the “Logout” button to log out.
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3.1.3. User interface

The system’s user interface depicts the system’s visual component layout. The user interface was
developed according to the use case diagram and the description of the system’s features was added. This

stage is described in the back-end development subsection.
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Figure 3. Flowchart diagram for overall system
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3.2. Back-end development

The development on the server-side is called back-end development the back-end code aids in
transmitting the underlying data to the front-end site. Python was the back-end programming language used
for data development and implementation. Data preparation and the prediction model using the LR algorithm
are the two of the back-end task that are important for training and testing data:

3.2.1. Data preparation

We collected the dataset from www.jobstreet.com using web scraping, which scrapes all the job
categories on the Jobstreet website except the “others” category. The total data scraped produced 22,250 jobs
with ten attributes: job title, salary, company, location, description, requirements, qualification, job type,
career level, and years of experience. These jobs were scraped from November 2020 to May 2021 because
Jobstreet only allows clients to advertise a job vacancy for six months. Besides, the jobs offered on the
Jobstreet website were not as expected because of the COVID-19 pandemic. Despite the many ways to scrap
data, such as using Rapidminer and Octopurse software, Python is more efficient and could customize the
data required for this project. The scraped data for one job took more than 30 minutes to acquire, and limited
time was available to discard the data since the Jobstreet website does not allow data scraping during its
maintenance periods.

In this project, data cleaning was performed to remove all duplicated data and enter the dataset’s
null values using Microsoft Excel. The “remove duplicates” function in an Excel file achieved this much
faster. The dataset was saved to a working directory after data cleaning. It was then ready to be fed directly
into the machine learning algorithm to extract meaningful information in relation to salary predictions.

3.2.2. Prediction model

The data collection was split 80:20, whereby 80% was used for training data and the remainder was
used for testing data [27]. LR predicts the salary based on the years of experience specified for each job. This
model used four libraries: NumPy, pandas for the dataset, sklearn to implement machine learning functions,
and matplotlib to visualize plots for viewing. Five steps were involved in this LR:

a. Import the dataset-the dataset was in a CSV-format file, where x represents the years of experience
column and y represents the salary column.

b. Split the data into two sets: the training and testing sets. The ratio of the testing set for this project was
0.2. A testing set must not be bigger than a training set because it may lack data to train. The random
state is the seed for the random number generator, which can be left blank or as 0.

c. Visualize the training and testing sets-the LR model was built after the training and testing sets are
ready. The code “L.fit(xtrain, ytrain)” was used to pass the xtrain, which contains the years of
experience value, and ytrain, which includes the salary values. Thus, the model was formed.

d. Initialize and fit the regression model to ensure that the training and testing sets are visualized in the
same direction. If so, the model can be considered good to use for the dataset.

e. Predict the data based on the years of experience that a specific user wants to predict.

3.3. Front-end development

Front-end development creates the client-side, focusing on what consumers see graphically in their
browser or on their application [28]. Front-end languages such as hypertext markup language (HTML),
cascading style sheets (CSS), Javascript, and Jquery were used in this project to integrate Flask’s back-end
framework. After the data processing phases, the Flask web framework and the Python data visualization
tools were used to build custom plots and charts in a Python web application context, leveraging the power of
both the front-end and back-end development. For each interface, the workflow was depicted in the
application with which the user would interact. Also discussed are the correct subsections for each feature of
the completed system’s interface design, including the home page, visualization for all the job pages, as well
as the visualization for each job page, map page, predicted salary page, tables page, Jobstreet website, and
profile page.

4. RESULTS AND DISCUSSION
4.1. Reliability testing

A regression model’s dependability is assessed by how well its predictions match actual values.
Nevertheless, error metrics created by statisticians allow a model’s dependability to be evaluated and
comparisons of regressions with different parameters [29]. The metrics summarize the data’s quality
concisely and practically. The mean absolute error (MAE) was used to determine the quality of the model.
The MAE is a regression model evaluation statistic. LR was unsuitable for accuracy tests because this project
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predicts the salary based on the years of experience required. Hence, it was appropriate to ascertain the
quality of the data and the difference between the actual and predicted data [30]. As shown in (3), MAE is the
most straightforwardly understood regression error metric; where y is the prediction, j is the true value and n
stand for total number of data points.

MAE = ~ Sy - 9 @3)

Moreover, the MAE was the easiest metric to understand because this project evaluated the absolute
variation using the actual results and those predicted by a computer model [31]. Using the absolute residual
values, the MAE does not indicate whether a model is performing well or poorly (no matter whether the
model undershoots or overshoots the actual values). The overall error is proportional to each residual, so
larger errors are added linearly. A small MAE suggests a successful prediction, but a large MAE indicates
that the model may encounter difficulties in some areas. Table 3 shows the MAE value for each job tested
using the testing and prediction data. Figure 4 shows the scatter graph plotted to compare the MAE values
with the actual values for two jobs. It can be observed that the predicted values positively correlate with the
actual values.

Table 3. Mean absolute error value of each job

Jobs Mean Absolute Error (MAE)
Account Job 2167.3575862456923
Admin/Human Resouces Job 1856.28746813381668
Arts Job 1477.1881267666222
Building/Construction Job 1952.8038000710462
Education/Training Job 1922.3948270772370
Engineering Job 2082.1180991543570
Healthcare Job 2042.8448050388540
Hotel/Restaurant Job 424.79798113363614
Computer/Information Technology Job 2306.2030678463498
Manufacturing Job 1577.8285877577500
Sales/Marketing Job 1925.2649997237856
Sciences Job 1707.7019373539054
Arts Job Sales/Marketing Job
25000 ® @ Actual 200000 4 L @ Actual
A Predicted A Predicted
20000 100000 -|
A 80000
150004
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= 2 60000
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Figure 4. Scatter diagram MAE with the actual value

4.2. Functionality testing

It is critical to test the features of an application to ensure they all work correctly and that any
detected errors are corrected. Functionality testing aims to test each function of the visualization application
rigorously to determine how closely the specifications match by providing the appropriate input and
comparing the output to the functional requirements outlined in previous chapters. The test was conducted
using test case scenarios derived from the program specifications with the functionalities tested. The results
show that the system ran successfully as planned, without any prompted errors.
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The data visualization was also tested to ensure users could view the selected visualization graph.
The visualization provides an easily accessible reporting feature so that the user can instantly see and
understand the trends and patterns. Figure 5 shows the visualization page menu for all 13 jobs on Jobstreet
that are covered in this study. Figure 6 shows the visualization page that visualized four visualizations for the
computer/information technology jobs: i) Figure 7 shows the top five locations with the highest number of
jobs; ii) Figure 8 shows a line chart of the salaries from each job; iii) Figure 9 shows the qualifications word
cloud; and iv) Figure 10 shows job titles word cloud. The user can choose what visualization they want to
view. The bar and line chart visualizations are presented interactively. This allows the user to zoom in or out
of the chart, download it onto their computer as a png file, pan, box select, lasso select, autoscale, reset axes,
toggle the spike lines, show the closest data on hover, and compare data on hover. Figure 11 shows the
interface of the “Map Visualization” page, where the user can zoom in and out on the map to view the
number of jobs at a specific location. The cluster in red means that the location has many jobs being offered,
the green cluster has few jobs, and the yellow cluster means that the location has an average number of jobs
being offered. Figure 12 shows the interface that allows users to predict their salary based on experience by
entering whichever years of experience they choose.

Home| Visualization for Each Job|  Map Visualization|  Salary Prediction|  Tables | Home|  Visualization for Each Job|  Map Visualization|  Salary Prediction|  Tables |

Jobstreet Website | Profile | Jobstreet Website | Profile |

TOTAL JOB AVAILABLE IN JOBSTREET

22,500 Visualization of Computer/Information Technology Job
From November 2020 - May 2021

Choose a Job . Computer/information Technology Jobs V\ Go
Account/ Finance Jobs | .
Admin/Human Resources Jobs
Arts/Media/Communication Jobs
Sales/Marketing Jobs

Services Jobs

Hotel/Restaurants Jobs
Education/Training Jobs
Computer/Information Technology Jobs

£ | Engineering Jobs
i Manufacturing Jobs

Please select Job Visualization

[ Select Job Visualization -- ~
-- Select Job Visualization --
“Top 5 location that have the highest number of Jobs:

Line Chart of Salary based on ICT Job
Word Cloud of Job Title
Word Cloud of Qualification

Building/Constructions Jobs
Sciences Jobs
Healthcare Jobs

Choose a Job that you want to visualize : [ Choose a Job

Figure 5. View the “Visualization of Each Job” page Figure 6. Four visualizations menu for
computer/information technology jobs
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Figure 7. Top 5 locations that have a higher number of computer/information technology jobs
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Figure 8. Line chart of salary based on computer/information technology job
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Figure 11. Top 5 locations that have a higher number of computer/information technology jobs
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Figure 12. Selection of the job visualization from computer/information technology jobs

4.3. Usability testing

The system usability scale (SUS) was adopted to evaluate the system usability. This was a Likert
scale consisting of ten short questions, which were answered by the application users. Based on [32],
usability testing is a commonly used method for evaluating user efficiency and their acceptance of products
and systems. Usability testing is a technique used in user-centric interface design to assess a product by
testing it on users.

Due to the extreme circumstances of COVID-19, in-person usability testing was not possible. The
usability tests were conducted individually with the respondents via TeamViewer, with respondents receiving
remote access to the program. Thirty respondents seeking jobs were chosen randomly for the usability test
and asked to evaluate each system’s functionality. Basic information was requested, such as their name,
status, and feedback, using the SUS questionnaires on the google form.

The bar chart diagram of the ten SUS statement scores is plotted, as shown in Figure 13. This
displays the scales of the SUS statements, as answered by the users in the questionnaire. The graph
demonstrates that most respondents agreed with the odd-numbered questions, reflecting affirmative
statements, which meant that the users deemed the application to be useful. The respondents also thought the
system interface was pleasant and included all the expected features and functionality. This indicates that
consumers would not require technical support to use the application’s features and navigate other sites. The
majority of respondents were pleased with the application.

Figure 14 shows the histogram of the SUS scores. The y-axis (the plotted histogram’s vertical axis)
illustrates the frequency of users that answered the SUS, while the x-axis (the horizontal axis) shows the
percentage range of the SUS scores. The data spread between 90% to 100%, based on the histogram. The
plotted graph has a normal distribution with a range starting at 88%, followed by a new range for every
increase of 2%. The highest frequency was 96% to 98%, a range that seventeen respondents fell into. The
histogram centered on a frequency of 94% to 96%. Ten respondents fell into the category below the central
value, and eleven respondents lay in above the central value.

In total, the 30 users who participated in the SUS questionnaire had a SUS score of 96.58%. The
baseline for the SUS average score was 68%, indicating the average usability of the system. A score of less
than 68% would indicate that the application’s usability was likely to cause problems, which would need to
be addressed. When the SUS is greater than 80%, the system is entirely usable. Wang [33] claimed that if
SUS scores of 80.3% or higher can be obtained, this equates to an ‘A’ result. Since a high score of more than
80% was obtained, this web-based application was proven usable. It is also worth noting that most
respondents gave positive feedback and said they would suggest it to their friends.
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Figure 13. Bar chart of SUS result Figure 14. Histogram of SUS result

5. CONCLUSION

The visualization application developed using the dashboard can assist job seekers to easily gain an
overview of the jobs offered by identifying the patterns and trends on the Jobstreet website. This
visualization changes large and complex data from Jobstreet into understandable and usable data. The
researchers have highlighted the drawbacks of using the limited information on the Jobstreet website as
single-source data. The application’s interactive visualization has changed how users interact with data by
focusing on graphic representations. The LR used to predict salaries was incorporated into the application,
permitting users to employ the model to predict salaries based on years of experience or similar paths. This
would allow the users to gain an overview of the visualization of jobs on the Jobstreet website and predict
their salaries according to the years of experience required. Future recommendations concern potential
upgrades to the application that could allow the real-time data from the Jobstreet website to be visualized,
thus offering job seekers a more rewarding experience. The authors recommended purchasing Jobstreet
premium APIs as this allows more data to be extracted, such as the job seeker’s details; thus, this application
would be suitable for both companies and job seekers.
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