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ABSTRACT 
 
 
 

Context. Big data visualization is a vital part of today's technological advancement. It is about 
visualizing different variables on a graph, map, or other means often in real-time. 
Objectives. This study aims to determine what challenges there are for big data visualization, whether 
significant amounts of data impact the visualization, and finding existing solutions for the problems. 
Methods. Databases used in this systematic literature review include Inspec, IEEE Xplore, and BTH 
Summon. Papers are included in the review if certain criteria are upheld. 
Resul ts. 6 solutions are found to reduce large data sets and reduce latency when viewing 2D and 3D 
graphs. 
Conclus ions. In conclusion, many solutions exist in various forms to improve visualizing graphs of 
different dimensions. Future grows of data might change this though and might require new solutions 
of the growing data. 

 
Keywords: Human perception, Big data, N-dimensional 
Data, Visualization. 
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1 INTRODUCTION 
 

The IT business continuously grows larger, and the data generated grows even more. 
With the increasing data, a relatively new concept emerged, namely big data. Big 
data combines massive amounts of complex data such as images, structured data, 
video, emails. There are several descriptions of big data such as the three Vs. 
Volume, Variety, and Velocity. The volume describes the size of the data which are 
datasets containing information of enormous size. The variety defines what type of 
data it is, for example, if it is structured or unstructured data, videos or other forms 
of files. Velocity describes the speed of the production of the dataset  [16][17]. There 
are also variations of this like the 5Ws model with further dimensions [17]. There 
exists too much data/big data to process and analyze it much less visualize it in a 
sensible manner [5]. From the dawn of time until 2012, 5 exabytes (EB) of data had 
been created by the human. These days 5 EB is nothing, in fact, it is generated in 
two days [6]. Big data is specified by a dataset size and will most likely increase at 
the rate the data is growing [7].  
 
Visualizing data of multiple dimensions is a difficult task when facing a huge 
amount of data. The human perception also limits how much data can be processed 
at once. Patterns and correlations need to be included in order for the big data to 
make sense when visualizing it in a graph. Many companies have too much data and 
don’t know quite how to visualize it. 
Research on the challenges of visualizing big data and how to mitigate the 
problems that occur will benefit organizations working with big data. The thesis 
enables organizations to collect knowledge about typical bottleneck and 
mitigations for visualizing big data in 2D and 3D graphs. 

1.1 Purpose and objectives 
The project purpose is to investigate big data visualization in 2D and 3D and the 
challenges that emerge trying to visualize the big data. Mitigation strategies are 
presented after the description of the problems. Conducting the SLR fulfills the 
goals of this thesis.  

• Analyze the bottlenecks for visualizing big data into a 2D and 3D graph. 
• Discuss the Challenges that can occur. 
• Explore how the problems can be mitigated. 

1.2 Research questions 
RQ1. What is the typical bottleneck for visualizing big data into a 2D or 3D graph? 
RQ2. How can the discovered challenges be solved? 

1.3 Visualization dimensions 
There exist several techniques for visualizing data such as 1D, 2D, 3D, and n-
dimensional data [15]. 

I. One-dimensional data can use histograms to show data items. However, 1D 
data has only one variable, and every data item has one value.  

 
II. Two-dimensional graphs can be used to visualize data with two variables. 

The two variables can be used to compare the data by visualizing it with a 
line graph. Scatter plots, pie charts, bar charts, and maps could also be used 
to visualize 2D data.  

 
III. Three-dimensional graphs such as 3D bar charts and realistic renderings can 

show more information than 1D and 2D graphs. Three variables are used to 
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visualize data in a 3D space. MATLAB is a good software for visualizing 
small dimension data such as 2D and 3D. 

 
IV. N-dimensional data is data of n dimensions, i.e., multiple-dimensional data 

with n dimensions. In some cases, more variables are required for 
visualization. In such situations to make the data understandable, a multi-
dimensional graph technique is used.  Examples of methods are scatterplot 
matrices, maps, and autoglyphs. 

1.4 Structure of the thesis 
The remaining thesis includes related work in chapter 2 where other papers with a 
related topic are discussed. In section 3, the methodology will be defined which 
includes, research method, databases used, search string, inclusion/exclusion 
criteria, and data extraction process. The results will be presented in chapter 4. The 
thesis concludes in chapter 5 where some conclusions are drawn, and future work is 
suggested.  
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2 RELATED WORK AND CHALLENGES 
In this chapter, perceptual scalability, real-time scalability, and interactive scalability 
will be introduced. Processing, analysis, and visualization of data will also be 
introduced. The challenges presented in this chapter answers RQ1, i.e. what is the 
typical bottlenecks for visualizing data of large volumes into a 2D or 3D graph.  
 
With this SLR many limitations were identified regarding visualizing big data. The 
unstructured data available is one of them. Unstructured and multidimensional data 
comes from different media streams, and it is challenging to visualize it so that the 
human perception can understand it. These limitations cause problems because the 
old techniques of visualizing big data are getting outdated and new solutions are 
crucial. 
 
The limits of the human perception affect how much data a person can process at 
once, i.e., a significant amount of data overwhelms the human brain and thus little 
solutions for the perceptual scalability issue exist [8][9]. Big data is all about 
correlations and patterns when it comes to visualizing it optimally. If too many 
dimensions are included, then the users will not be able to make sense of it because 
of overlapping and over-plotting. However, fewer dimensions will instead dismiss 
patterns that would otherwise be interesting [10]. Figure 2.1: shows scatter plots in 
a 2D space with multiple dimension data.  Scatter plots are effective to visualize data 
when the data is small. However, big data with multiple dimensions is difficult to 
visualize in a 2D or 3D graph in a way that makes it understandable [12]. Screens 
are limited in size and can only view so much data at once, and it is even more 
challenging for a mobile device. An enormous amount of data is not only a problem 
to display on the screen but also the memory must store the data to process it, this is 
where real-time scalability comes into the picture. Real-time scalability is about 
visualizing data in real-time, by using a memory to process the data. Unfortunately, 
memory is limited in storing capacity and cannot hold an infinite amount of data. 
For this reason, many visualization systems do not support the large data sets. 
Further, the data must be queried to visualize it, thus introduces a high latency. Users 
generate massive amounts of data on social medias and visualizing tweets from the 
microblogging service Twitter takes time. The tweets can be visualized by using 
scatter plots which are not easy in real time and time-consuming. Data visualization 
can be amplified by interactivity and enables improved and faster understanding of 
data. However, as previously stated, visualizing the large data is time-consuming as 
the data need to be analyzed and processed. The visualization process might cause 
interaction disruption because of the large data that is queried and might also cause 
a visualization system to freeze or crash suddenly. Querying large data and 
processing it is today tedious work [9][11].  

 

Figure 2.1: Scatter plots in 2D 

Two significant limitations are discussed in [13] about big data visualization and 
analysis. The restrictions concern visualizing and analyzing big data of the size Peta 
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bytes and larger at the same time of processing the data. Processing tools can process 
the large data. However, the data cannot be analyzed by the tools. On the other hand, 
visualization tools can visualize and analyze the massive data but have the limitation 
of not being able to process it. 
Sometimes car accidents occur on the road and more often a traffic jam. By using 
traffic visualization systems, large amounts of traffic data can be used to visualize 
on a map where the traffic jam occurred and how often it takes place in real-time. It 
is also possible to see other traffic information. Examples of visualization systems 
providing traffic information in real-time are, Google Traffic that visualizes 
information about road speed, and Traffic Origins that visualizes incidents in traffic 
with a marking. Figure 2.2 shows Google Maps and the different speed of roads and 
closed roads for construction and road work [18]. 
 
 

 
Figure 2.2: Google Maps road speed and road work 
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Figure 2.3: Number of internet users 

 
Figure 2.3 illustrates the number of internet users in the world from the year 2000 to 
2017. Figure 2.4 shows the percentage of the users in each region. The year 2015, 
2016 and 2017 are estimated Internet users. The current estimate of users 
(September 8, 2017) is 3,7 billion. The data collected from 2017 is shown in real-
time on the website. There are also other data shown in real-time such as a number 
of tweets per second and much more [14]. With so many users the data generated is 
enormous. However, some of the users do not generate much data. 
 

 

 
Figure 2.4: Internet users by region 
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3 METHODOLOGY 
In this chapter the research method will be discussed, database used, search string, 
inclusion-, exclusion- criteria, and quality assessment criteria, data extraction 
process, and form. 

3.1 Research method 
Papers use Systematic Literature Review (SLR) method to answer a research 
question or software engineering topic by collecting knowledge [1]. Reviews using 
SLR are based on previous studies (primary study) and are called a secondary study. 
Secondary studies rely on primary studies to gain knowledge [2]. To minimize bias 
the review using SLR follows a certain process so anyone can replicate the study 
[3]. 
This thesis is based on a literature review methodology using SLR method. SLR 
method was chosen because unlike systematic mapping study, SLR synthesizes 
evidence and the strength of the proof is overviewed. Systematic mapping and 
SLR search for studies, select and extract data the same way. Systematic maps 
organize research which makes the research questions general. SLR have focused 
research question and goals thus suit this thesis needs, unlike Systematic mapping 
which gives an overview of the topic area, thus leading to the discovery of gaps in 
the studies [4]. This thesis goal is not to map a topic area or discover research 
gaps. Figure 3.1: shows the method performed iteratively. 
 

 
Figure 3.1: SLR Method 

 
The research questions are answered using quantitative data collection and analysis 
approach. The data collection was done by conducting a literature search. The 
literature search answers the research questions by making a data evaluation (assess 
if the study should be included) and a data analysis (aggregate and interpret the 
data). Data collection (inclusion criteria, basic information) means that you select 
the relevant information from the primary studies to review. Data evaluation means 
that the selected information will be assessed, i.e., if it is of sufficient quality, for 
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example, if the subject is relevant. The search strategy will ensure that the intended 
articles and data will be collected. The relevance of the papers is based initially on 
the title and abstract. Furthermore, the inclusion of the article relies on the content 
of the study and the inclusion criteria. Fourteen studies were chosen for this research 
based on inclusion-, exclusion- and quality assessment criteria. 
 
 

3.2 Databases used 
The articles and data are collected from the databases Inspec, IEEE Xplore, and 
BTH Summon. BTH Summon searches for articles in multiple databases. 

3.3 Search string 
The search string was created by following the SLR Method, i.e., define a search 
string based on the selected topic, search the databases for articles, identify a 
question, improve the search string with the help of the question, and finally, find 
new papers with the new search string. The method was performed iteratively. The 
search string “Big data” And “visualization” And “challenges” did not get any 
results on the database IEEE Xplore, Inspec. 
 

Table 1. Search strings in databases and number of studies. 
Database Search string Search results 

Inspec Challenges in big 
data visualization 

558 

Inspec “Big data” And 
“visualization” 

2368 

BTH Summon Challenges in big 
data visualization 

46265 

IEEE Xplore Big data visualization 1404 

IEEE Xplore Big data visualization 
challenges 

360 

3.4 Exclusion criteria 
The criteria below decided the exclusion of the article: 

• Exclude inaccessible papers. 
• Exclude abstract only papers. 
• Exclude books with too much information. 
• Exclude articles older than 2007. 

3.5 Inclusion criteria 
The criteria below decided the inclusion of the article: 

• The research must be written in English. 
• Must be about big data visualization. 
• Of computer science nature.  
• Sufficient amount of data or complete data. 
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Table 2. Search results after database filter. 

Database Search string Results 
Inspec “Challenges in big 

data visualization” 
352 

Inspec “Big data” And 
“visualization” 

1178 

BTH Summon “Challenges in big 
data visualization” 

2971 

IEEE Xplore Big data 
visualization 
challenges 

344 

 

Figure 3.2: Search results after database filters chosen. 
 
Figure 3.2 shows the search results before and after the filter in the database are 
applied. The filter includes publishing year, language, type of article, and main 
area. The results received after the information was applied was further used by 
using exclusion-, inclusion-, and quality assessment criteria to reduce from 
thousands of articles to 13 articles.  All of the articles were not read, instead, 
some quality picked articles were used. 13 articles that were read were excluded 
another 15 articles were excluded by reading the abstract. 5 articles were 
excluded due to being unavailable. 

3.6 Quality assessment criteria 
The criteria below are used to assess the quality of the available research: 

• By using the inclusion criteria, determine if the study is appropriate. 
• Does the author have the focus relevant to this thesis? 
• Assess if the research content is up to date and still pertinent to this study. 
• Assess if the research has arguments or claims that are not supported by 

references. 
• Check for mentioned and discussed visualization challenges, and solutions. 

3.7 Data extraction process 
Data extracted from primary studies: 

• Abstract, scope  
• Paper type: e.g., Discussion paper, problem identification. 
• Conclusions and aim. 
• Methods: Literature Review, Systematic Mapping Study, Case Study. 
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The information for the results was extracted using table 3 and the points above to 
analyze and synthesize the results. 

 
 
 
 

3.7.1 Data extraction form 
Table 3 shows the data extracted from the included papers. 
 

Table 3. Data extraction table. 
Type of data Data value 
DOI or ISSN Unique literature ID 

Author Author(s) name 
Article The article name 
Year Article publication year 

Search process The strategy of the search, and study 
selection 

Research method Used guideline for the research process 
Visualization technique The visualization technique used in the 

study 
Challenges The visualization challenges described in 

the study 
Mitigation strategy The mitigation strategy used to solve the 

challenges 
Visualization type How were the data presented 

 
Zotero was used to extract the references. Zotero is a reference managing application 
[20].  
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4 RESULTS 
In this chapter data reduction and latency reduction strategies are listed. 
 
Before the human perception can understand a visualization, some factors need 
considering. The visualization should be designed and planned so that the content 
of the visualization is perceived optimally, i.e., what variables to visualize and where 
will they be placed. Variables added to the visualization method without proper 
consideration causes the human to misinterpret the data or not understand it. The 
purpose for visualizing data is so that the data is easily perceived otherwise 
visualizing data loses its purpose. Taking this into consideration a sample of the data 
could be used enough to make the data understandable and avoid overflow. Patterns 
and traces are left intact [9][19]. 
 
Data reduction and Latency reduction is used to address the Perceptual-, Real-time-, 
and Interactive Scalability limitations in chapter 2. 

4.1 Big data reduction 
To reduce large data sets some strategies are implemented to visualize the data [9]. 

A. Sampling is a technique which reduces a dataset to samples. Every sample 
of the big data is approximately returned based on a probability value. 
Figure 4.1 illustrates that each dot is a sample in that line. Every value in 
between is not needed in the data set to see the pattern. Digital and Analog 
communication uses sampling widely as seen in figure 4.2. 

B. Filtering is very useful when working with many dimensions of data. Going 
through a database to query for a particular value when there are many 
variables is like searching for a needle in a huge haystack unless the 
database is organized and sorted. Thus, filtering is needed to return values 
that uphold some defined conditions. In many software, the hotkeys ctrl and 
f is used to enable a filter. 

C. Binned Aggregation is based on grouping the data which gives in return a 
summary subsets. These subsets are aggregated based on a count of data 
points. Each data point falls in a bin that is predefined and added to a count. 

 

Figure 4:1: Sampling 

Sampling

Sampling
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Figure 4:2 Signal Sampling 

4.2 Latency reduction 
A. Sometimes the data variety is large, and an interactive zoom in function is 

needed, e.g., to see a pattern clearer, other features like drag and drop, and 
panning might be necessary as well. Pre-computed data is widely used to 
address the interactive scalability limitation. A lookup table is generated 
before data is queried, this removes the need to compute the query 
repeatedly and enables faster exploration of, e.g., images. Google Maps is 
an example that uses pre-computed data [9].  

B. When aggregating data, sometimes larger data tiles are in need of processing 
depending on the resolution of the binning. Latency is increased 
considerably when million of values is included in a data tile. A scheme 
could be used to index the data density and visualize it to decrease the 
latency. The dense scheme makes querying and processing data in parallel 
easier. Many web application uses WebGL to enhance the speed of 
processing data tiles because it can use parallel processing and the GPU. 
Deck.gl is an example of a web-based visualization system.  

C. Adding a middleware that predicts data relevant later on is a good way to 
address the limitations of interactive- and real-time scalability. The 
predictive middleware uses the data by cooperating with the frontend and 
backend to predict, prefetch, and cache it. Latency that would otherwise 
occur without predictive middleware is now avoided because of prefetching 
the data and caching it for future use. 

 
RQ2 states in other words, what methods can mitigate the challenges that are 
brought up using RQ1 to guide the challenges that exist with big data visualization. 
To answer RQ2 more clearly, there are some methods to mitigate the challenges 
stated in chapter 2. The methods are sampling, filtering, and binned aggregation 
which are used to reduce the data to mitigate the large volumes of data problem. 
Further, methods for reducing the latency produced by data queries include pre-
computed data, dense scheme, and middleware. 
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5 CONCLUSION AND FUTURE WORK 
It is challenging with the human perception and limited screen size to visualize big 
data. Viewing this data in 2D and 3D graphs are challenging when working with n-
dimensional data. 
Memory is required to view real-time data and memory is physical and limited in 
size. Further, to get the data, a query will take place which introduces high latency 
issues. A data processing and analysis is performed before it can be visualized, this 
process requires time. 
 
To address the perceptual-, interactive-, and real-time scalability some solutions 
were suggested including, sampling, filtering, binned aggregation, pre-computed 
data, parallel data processing, and a predictive middleware. 

5.1 Limitations 
The major limitation of this thesis is that access to vast amount of data is not easy 
and even if it is acquired the computational power and visualization tools would be 
time-consuming to figure out how to use and compute, process, analyze and 
visualize the big data in an understandable way. The screens are always a limitation 
because sometimes many graphs at once need to be shown, of course, multiple 
screens could solve this limitation.  

5.2 Future work 
The solutions developed now might in the future also have limits because of the 
massive growing data generated. If tools are only designed to rectify the problems 
of the past and not the future, then the solutions might not be compatible with the 
future amount of data. 
Future projects could be to use a new visualization solution to visualize big data.  
This n-dimensional data will be visualized in a 2D graph and 3D graph. The 
difference in perception of the data will be analyzed and results of how efficient in 
each scenario the different dimensions are depending on the data. 
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