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Abstract. The purpose of this study is to develop a user-friendly web application
that follows human computer interaction design guidelines and principles and is
used to recognize patterns in datasets and to predict outputs of instances that it
hasn’t previously encountered. The application design follows human computer
interaction design guidelines and principles and it employs supervised machine
learning algorithms linear regression, logistic regression, and backpropagation
for prediction. Java is used in the backend to create a model that maps the input
and output data based on any of the machine learning algorithms while Play
Framework and Bootstrap are used to display content in frontend. The application
allows users to upload datasets that will be used to train and test the system. Each
column of an uploaded dataset represents an attribute and each row represents an
instance. The system is also developer friendly and allows changes be made to
the source code for a more customized interaction.
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1 Introduction

Machine learning systems are used to solve a variety of learning tasks [11]. For any
given application, the main goal of machine learning is to build a model that represents
and generalizes the training examples [7] and the performance of the model is measured
by how well it generalizes when tested on new data.

In this study, we develop a web-based graphical user interface that allows its users
to utilize machine learning algorithms to solve regression and classification problems.
The supervised machine learning algorithms used to build the predictive models are
linear regression [13], logistic regression [1], backpropagation [14].

This application can be used for classification problems like predicting whether a
tumor with certain attributes is benign or malignant. In supervised machine learning
techniques, each data instance used for training must have both input and output values,
meaning all instances which are being used to train the machine learning model for breast
tumor data have a set of features describing the tumor and an attribute stating if the tumor
is cancerous or not.
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As for the interface, in the backend, Java is used to create a model that maps the
input and output data based on any of the machine learning algorithms. In the frontend,
Play Framework and Bootstrap are used to display content. Play Framework is chosen
because it is based on web-friendly architecture. As a result, it uses predictable and
minimal resources (CPU, memory, threads) for highly scalable applications. It is also
developer friendly where changes can be made in the code and hitting the refresh button
in browser will update the interface. Bootstrap is used to style the web application and
it adds responsiveness to the interface with added feature of cross-browser compatible
designs. Thus, the website has a responsive design and suitable for any device.

The interface design is guided by the “Eight Golden Rules of Interface Design” for
improved universal usability [16]. The interface is more focused towards novice and
intermediate users. Following are the list of implemented design rules:

• Consistency: Font size, color of text, button, input box size, alignment of content,
background color, margin and organization of content is consistent. Similar sequence
of actions is used to predict outcome in all machine learning algorithms. The flow of
entering inputs and moving from one screen to the next page is also consistent
throughout the application. Headers and footers are also consistent throughout.

• Simple layout: Contents in the application are short and descriptive so that users
don’t skip or get annoyed with lengthy information. A design is simple more
appealing and loads faster as web application should give access to the information
not abundance of information. Simple well organized display is used where left
section of the interface shows stage of the application and right side shows informa‐
tion related to current stage of the application. Cluttered display of interface elements
is also avoided.

• Reduce short term memory load: Users don’t have to memorize steps to reach
“Result” screen, which displays the predicted value. The progress towards prediction
is displayed on the left side of each interface inside “Steps” section. Steps are listed
in ascending order in which they will be executed. It informs users the step they are
currently in, the previous step they completed, as well as the upcoming step.

• Error prevention and error checking: Each input box has a placeholder which gives
user an idea of what kind of information needs to be entered there. Additionally, error
checking is done to prevent users from submitting invalid information or missing
required information.

• Compatibility of data entry and data display: The format of data entered as input to
the application is compatible with the format of data displayed as output. On the
“Result” screen the format of predicted value is similar to the format of value in the
column representing dependent variable (output column) of data file.

Figure 1 shows the home screen of the application, which provides information on
the functionality of the system. To see the available machine learning analysis options
the users need to click the “Get Started” button and Fig. 2 displays the steps and available
options.
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Fig. 1. Home screen

Fig. 2. Content displayed after clicking the “Get Started” button

Figure 3 displays the interface screen during data analysis with one of the algorithms.
This screen allows the user to input the parameters for the chosen machine learning
algorithm.
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Fig. 3. Analyzing the data

2 Motivation

There are massive collections of data related to health [2, 10], business [3], education
[2], etc. Each of these datasets has some patterns that can reveal cause of certain
disease [15], cause of business failure [3], relation between customers and products
[2, 3, 17], relationship between education and career opportunities [2], etc.

Machine learning helps to detect patterns and regularities and make good approx‐
imations or predictions. It is used in data analysis of retail, finance, credit applica‐
tion, fraud detection, stock market, medical data [2]. It is also used to process large
datasets where it is not obvious how information is interrelated [6]. Similarly, neural
networks are used to analyze imprecise, fuzzy, imperfect knowledge where there is a
lack of mathematical algorithm to perform the analysis [8].

In order to serve the individual needs of individuals and organizations, there is a
need to extract information from this huge volume of data sets in digital world [9].
There are many research studies conducted in machine learning and advanced desktop
applications like MATLAB and SASS have been developed to detect patterns and
predict outcome; however not all users have are trained in using the advanced
methods and applications. The main of this study is to design and develop a web-
based application that follows human computer interaction design guidelines and
principles [16] and can learn patterns in the data and utilize these patterns to make
prediction.
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3 Machine Learning

Machine learning is a sub-discipline of artificial intelligence and uses theory of statistics
to build a mathematical model [2]. The developed model is capable of learning from
complex large data sets or past experiences [2, 11]. The model can be used for prediction
or to visualize pattern in the data and understand information hidden in complex data.

Algorithms in machine learning focus on optimizing the model, which means
adjusting the weight parameters of the model to best fit the data. The optimized model
has more accuracy and has low time and space complexity [2, 15].

Solving a specific machine learning task, supervised learning algorithms build a
model from label datasets in which each data instance is a pair of input and its corre‐
sponding output. The goal of supervised learning is to determine the parameters of the
function f(x) that best fits those input-output pairs. The dataset that is used to fit the
model is called a training set.

Function f(x) is then used to predict the output for data instances that were not seen
before. In an optimized cost function, the difference between output from f(x) and target
output is minimum, which increases the accuracy of the system [12]. Supervised learning
is used to solve both classification (i.e., output values are categorical) and regression
(i.e., output values are continuous) problems. Three supervised learning algorithms
(linear regression, logistic regression, and backpropagation) were implemented to be
used with the interface. The models were optimized with gradient descent [11].

4 Results

The system application is tested using two different publicly available breast cancer data
sets found at University of California, Irvine Machine Learning Repository.

4.1 Dataset with Nine Attributes

The properties of the first data set [4] are:

• Number of Instances: 699
• Number of Attributes: 9 (input features with values ranging 1–10: Clump Thickness,

Uniformity of Cell Size, Uniformity of Cell Shape, Marginal Adhesion, Single
Epithelial Cell Size, Bare Nuclei, Bland Chromatin, Normal Nucleoli Mitosis)

• Missing values: 16
• Class distribution: 458 Benign and 241 Malignant

The data set is divided into three groups using k-fold method

• Training data is 80% of total data
• Cross validation is 10% of total data
• Test data is 10% of total data

The models are tested on the test data with 70 instances (10% of the dataset) that
have not been used to train the model. Table 1 shows the number of correctly predicted

448 F. Nasoz and C. Shrestha



instances in both benign and malignant classes with logistic regression, which corre‐
sponds to an overall accuracy of 98.6%. Figures 4 and 5 show the interface screens during
logistic regression training and prediction, respectively.

Table 1. Prediction accuracy with logistic regression on breast cancer data with 9 attributes

Class Correctly predicted instances Total instances
Benign 55 56
Malignant 14 14

Fig. 4. Training with logistic regression

Fig. 5. Prediction with logistic regression

Table 2 shows the number of correctly predicted instances in both benign and malig‐
nant classes with backpropagation, which corresponds to an overall accuracy of 98.6%.
Figures 6 and 7 show the interface screens during backpropagation training and predic‐
tion, respectively.
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Table 2. Prediction accuracy with backpropagation on breast cancer data with 9 attributes

Class Correctly predicted instances Total instances
Benign 55 56
Malignant 14 14

Fig. 6. Training with backpropagation

Fig. 7. Prediction with backpropagation

Users can also view the console section of the backend of the system when it is being
trained. The console displays the decreasing value of cost in each iteration of gradient
descent, as well as the number of correctly predicted benign and malignant data
instances, and overall accuracy. Figure 8 shows the console during back analysis of
breast cancer data with 9 attributes.
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Fig. 8. Console view during training with backpropagation on breast cancer data with 9 attributes

4.2 Dataset with Thirty-One Attributes

The properties of the second data set [5] are:

• Number of instances: 569
• Number of attributes: 31
• 30 real value-valued input features: radius, texture, perimeter, area, smoothness,

compactness, concavity, concave points, symmetry, fractal dimension, etc.
• Missing values: none
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• Class distribution: 357 benign, 212 malignant

The models are tested on the test data with 57 instances (10% of the dataset) that
have not been used to train the model. Tables 3 and 4 show the number of correctly
predicted instances in both benign and malignant classes with logistic regression and
backpropagation, which corresponds to overall accuracies of 91.2% and 75.4%, respec‐
tively.

Table 3. Prediction accuracy with logistic regression on breast cancer data with 31 attributes

Class Correctly predicted instances Total instances
Benign 39 44
Malignant 13 13

Table 4. Prediction accuracy with backpropagation on breast cancer data with 31 attributes

Class Correctly predicted instances Total instances
Benign 30 44
Malignant 13 13
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