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ABSTRACT: This article presents an exploration of the human eye tracking 
data towards consumer products. The study aim to investigate the data 
attributes of the cognitive processes and focused on the visual attention of the 
participants when choosing a shampoo brand which is commonly available 
in Malaysia. However, eye tracking datasets has a wealth of data on the eyes 
visual attention, fixation, saccade and scan path gaze. Therefore, this paper 
aims to solve this problem to minimize the datasets by using clustering machine 
learning approach. This is to observe the relation of these data attributes and 
possibly predict the possible solution contributing to cognitive processing. 
Tobii TX300 Eye-tracker was used in this experiment and the eyes tracking 
data were gathered particularly related to the eyes fixation and saccades by 
using the Tobii I-VT filter. Sixty subjects participated in this study. K-means 
clustering was used as statistical analysis to cluster the huge datasets from the 
eye tracking data. The relationship of the consumer cognitive processes with 
visual attention was understood when most of the participants chose the most 
popular shampoo brand such as Head & Shoulder. Further visual analysis on 
the data attributes results showed that K-means clustering has the potential to 
cluster and minimize the huge datasets and predicts consumer preferences.  
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1.0 INTRODUCTION 

 

The advancement of eye tracking technology has attracted many 
researchers to combine its usage with other equipment like 
Electroencephalogram (EEG) to understand the consumer behavior [1]. 
It is a potential strategy with this bio-equipment’s when compared to 
traditional marketing. Both eye tracking and EEG have a huge data 
attributes since recording in any experiments will measures different 
parameters in milliseconds. This study therefore, focused on huge eye 
tracking data attributes and clustered the data as an initial step to 
investigate and determine the relationship of the visual attention data 
attributes and consumer preferences. 
 
Big data was the information assets [2] and technologies that require 
new forms of integration [3] to disclose hidden value of complex 
datasets into value. In order to develop some more complex statistical 
methods to analyze those massive data, it requires a deep 
understanding. For example, infants retain memories of visual 
experience over time where such early experience can have cascading 
effects on human development [4]. The final outcome will be change 
due to different decisions, leading to different results and accordingly 
different explanations [5]. With such discovery, eye movements are 
proven to be useful in accessing cognitive process in young infants. 
 
In recent years, there has been an increasing amount of literature on 
eye tracking study on purchasing behavior in different method such as 
[6] using a conditional logit analysis method to examine consumers’ 
visual attention. In a study which set out to determine consumer’s 
behavior [7-8], found that eye tracking data could predicts consumer’s 
choice by using ANOVA analysis. Some analysts such as [9] used 
Generalized Linear Mixed Models (GLMM) and U-shape curve 
function in [10] to investigate the factors of affecting the consumers’ 
visual attention when purchasing the product. Previous studies have 
shown some of the limitations such a method cannot be understood 
thoroughly on how to manage a wealth datasets on predicting 
consumer preferences.  Based on the reason, the objectives of this study 
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are to observe and understand the relationship between the data 
attributes and visual consumer preferences. 

 
 

2.0 METHODOLOGY 
 

2.1 Participants and Equipment 
 
Sixty students of Malaysia-Japan Institute of Technology (MJIIT) were 
recruited for this experiment. All participants were aged between 20 
and 25 years old with number of 30 males and 30 females. They were 
all mentally and physically healthy and without any diseases that 
related to eye. The Tobii TX-300 eye tracker was used as a main method 
and the experiment was conducted inside the lab with the temperature 
of 25 degree Celsius. During experiment, the calibration was needed 
for every participant to ensure that the data collected is with least noise 
and best quality. On average, each participant took 5 minutes to 
complete the experiment. 
 
 
2.2 Data Analysis   
  
The data obtained from this experiment are mainly analyzed using the 
visual data analysis generated from the Tobii Eye-tracker. R language 
was used for further statistical analysis.  This language is an open 
source programming and software environment and offers a lot of 
machine learning. It has detailed advanced tasks for analyzing big data, 
which supports high performance statistical and graphical 
computation [11]. In this experiment, the NbClust of the R packages 
was used in order to determine the relevant number of clusters [12]. 
Hence, as it determined the optimal number of clusters in a data set, it 
can offers the best clustering pattern from different results to the user 
and scan path [13]. 
 
 
3.0 RESULTS AND DISCUSSION  

         
3.1 Results of Clustering Analysis on Eye Movement Data  
   
The number of cluster, K needs to be defined before the k-means 
algorithm applied for clustering. Nbclust package in R was used to 
determine the optimal clusters. K-means algorithm was well known for 
its efficiency in clustering huge data sets due to its low computational 
cost and easily parallelized process. However, various extensions of k-
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means algorithms have been developed to speed up the clustering 
process. For instance, there were kernel k-means [14], spherical k-
means [15], and fuzzy c-means [16]. Clustering techniques have been 
used for solving several important problems [17]. The range of the 
number of clusters was set in between 2 and 15 among 30 indices. 
Among all indices, 5 proposed 4 clusters was the best number of 
clusters. Therefore, the best number of clusters selected was 4. The 
result of determine the optimal cluster was shown in the Figure 1. 

 

 
Figure 1: Determining optimal cluster using Nbclust 

 
 

In Figure 2, 4 clusters were determined in the result of the K-means 
clustering by using Nbclust package. The colors represent the different 
clusters and the cross indicates the centre of each cluster. The behavior 
of each cluster is determined by the scan paths that nearest to the centre 
of each cluster. Figure 2 also showed 25 represented the blue cluster, 6 
represented the red cluster, 38 represented the green cluster and 31 
represented the black cluster. The scan path patterns for every 
participant were determined and divided into four groups. 
 

The data obtained from this experiment are mainly analyzed using the 
visual data analysis generated from the Tobii Eye-tracker. R language 
was used for further statistical analysis.  This language is an open source 
programming and software environment and offers a lot of machine 
learning. It has detailed advanced tasks for analyzing big data, which 
supports high performance statistical and graphical computation [11]. 
In this experiment, the NbClust of the R packages was used in order to 
determine the relevant number of clusters [12]. Hence, as it determined 
the optimal number of clusters in a data set, it can offers the best 
clustering pattern from different results to the user and scan path [13].

Sixty students of Malaysia-Japan Institute of Technology (MJIIT) were 
recruited for this experiment. All participants were aged between 20 and 25 
years old with number of 30 males and 30 females. They were all mentally 
and physically healthy and without any diseases that related to eye. The 
Tobii TX-300 eye tracker was used as a main method and the experiment 
was conducted inside the lab with the temperature of 25 degree Celsius. 
During experiment, the calibration was needed for every participant 
to ensure that the data collected is with least noise and best quality. On 
average, each participant took 5 minutes to complete the experiment.
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Figure 2: Clustering result using k-means algorithm  

with cluster number of 4 
 
 

Most of the participants were grouped in blue cluster (20 participants), 
followed by black cluster (18 participants), green cluster (14 
participants) and red cluster (8 participants). Figure 3 shows the gaze 
pattern of participant N25 while Figure 4 shows the simplified scan 
path of the participant N25. The scan path pattern is measured in 
clockwise scanning after looking at the center of the image. In this 
cluster, most of the participants choose B (Head & Shoulders) (16 
participants), followed by A (Pantene) (3 participants) and F (Johnson’s 
Baby) (1 participant). 

 

 
Figure 3: Gaze pattern of participant N25 
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Figure 4: Simplified scan path of the participant N25 

 
 

Figure 5 shows the gaze pattern of participant N6 while Figure 6 shows 
the simplified scan path of the participant N6. The scan path pattern is 
in Z scanning after looking at the center of the image. In this cluster, 
most of the participants choose B (Head & Shoulders) (13 participants) 
followed by A (Pantene) (3 participants) and F (Johnson’s Baby) (2 
participants). 

 

 
Figure 5: Gaze pattern of participant N6 
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Figure 6: Simplified scan path of the participant N6 

 
 

Figure 7 shows the gaze pattern of participant N38 while Figure 8 
shows the simplified scan path of the participant N38. The scan path 
pattern scanned all the products twice while the fixation duration is 
short. In this cluster, most of the participants choose B (Head & 
Shoulders) (7 participants) followed by A (Pantene) (6 participants) 
and F (Johnson’s Baby) (1 participant). 
 

 
Figure 7: Gaze pattern of participant N38 
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Figure 8: Simplified scan path of the participant N38 

 
 

Figure 9 shows the gaze pattern of participant N31 while Figure 10 
shows the simplified scan path of the participant N31. The scan path 
pattern scanned a certain product only and the fixation duration is 
long. In this cluster, most of the participants choose A (Pantene) (3 
participants) followed by B (Head & Shoulders) (2 participants), E 
(Clear) (2 participants) and F (Johnson’s Baby) (1 participant). 

 

 
Figure 9: Gaze pattern of participant N31 
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Figure 10: Simplified scan path of the participant N31 

 
 

3.2 Critical Discussion 
 

Figures 3 until 10 concluded that Head & Shoulders was the famous 
and common shampoo brand chosen by young age of participants 
followed by Pantene and Johnson’s Baby. It also concluded that 
branding was the most consumer preferences to be considered for 
purchasing. These findings also supported the study [18] that brands 
were vital factor in guiding the decisions during purchase process and 
[19] also stated that brand was the factor which has and impact on the 
consumer preferences. This study confirmed that the consumer 
preferences can be forecasted through eye tracking datasets and also 
supporting the study in [20] that visual attention is the most related 
parameter with the cognition of the products. In future, this study will 
be continued by increasing the participant to be at least, 100 
participants with different background and the eye tracker glasses will 
be applied outside the laboratory. 
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4.0 CONCLUSION  
 
The main goal of the current study was to determine the relationship 
of data attributes with the visual consumer preferences. This study has 
found that generally K-means clustering technique could be useful to 
minimize the huge datasets of eye tracking (as a visual equipment) in 
order to classify the consumer preferences (branding). The present 
study confirms that the objectives were achieved as branding was the 
consumer preferences. In the industrial contribution, eye tracking may 
be useful as a sturdy benefit as eye movement is the first being faster 
than any other input media. Hence, marketing success of businesses 
can be continuously enhancing such as the products packaging with 
brand awareness strategies as well as brand loyalty improvement. 
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