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[bookmark: _Toc491625756][bookmark: _Toc501372718]Abstract
Social media is a platform where people share their views, ideas, sentiments, and emotions every day. The popularity of social media has been growing over the past few years. Every day social media generates large number data from users. Extracting and interpreting information from user-generated data is a trending topic in the scientific community and the business world. Numerous web applications that deal with processing and the visualization of user-generated content have proved the importance of social media data visualization. Visualizing those data is not an easy task. Every day people are trying come up with new ways to visualize these data which will help to analyze them more closely.

In this dissertation, an interactive 3D metaphor to visualize social media data in a 3D environment using WebGL is introduced. This visualization is mainly based on the geolocation where users can analyze the social media data based on the geolocation. After making some improvements, we can use this 3D metaphor for other social media data as well. 

In this dissertation, the evaluation was done using a qualitative approach. Shared an online survey on internet and participants had an experience with a 2D and 3D metaphor which has hosted on the internet. From that user got a chance to experience the proposed metaphor in their environment. There were totally 37 participants who have completed the survey successfully. More than 50% of participants had mentioned that proposed 3D metaphor is suitable to visualize social media data, in this case, twitter data. 


[bookmark: _Toc491625757][bookmark: _Toc501372719]Preface
The basis for this research originally stemmed from my passion for developing better methods of interactive data visualization for social media data. Since implementing a metaphor to analyze social media trending field in computer science world, though to give a try to introduce a novel approach to visualize social media data using an interactive 3D metaphor.  

Some of the concepts identified in the literature review has been used in the context, and those are justified and referenced accordingly. Sample data was collected from the Twitter API, and all maps are open sourced resources.  I carried out the analytical calculation in the results and evaluation chapter under the supervision of my supervisor.
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Chapter 1 -  [bookmark: _Toc491625763][bookmark: _Toc501372724]Introduction
Visualization already plays a crucial role in data science, helping data scientists make sense of the structure and underlying patterns that may be held within the data, even before any serious computation begins. Wang Lidong research conclusion states that interactive visualization helps to gain great insight from big data [1]. 

Even though social media data contains valuable information, it is not possible to make decisions by looking at raw social media data because it is impossible to identify any patterns. However, when it is presented in an understandable way that anyone can understand and that data become useful. Data visualization is a quick and easy way to convey concepts universally and can do experiment with different scenarios by making slight adjustments. Interactive Visual Analytics (IVA) emerged in the field of data mining. With IVA, the concept of data visualization can be taken a step further by using technology to drill down into charts and graphs for more detail, interactively changing what data you see and how it is processed. As the next step of this people thought 3D visualization would open a new door for visual analytics. 

IVA is not a new thing to social media analysis, Gephi, Processing, PhiloGL, three.js and D3 are some IVA base software tools. Visual analytics is a very broad domain and very complex. Provide a range of visual tools and analytic methods aimed at decision-making and problem-solving, by assisting analysts in visualization, filtering, sorting, recording and sharing of digital data, as well as, viewing, navigation, transformation, manipulation, organization and coordination of insights derived from this data.

Metaphors describe something unfamiliar in terms of something familiar that may be very different. The key to effective visual metaphors is in their ability to stimulate the formation of mental images of data by reference to previous experience and the familiarity of the adopted visual form [2].  For the VA communication to be effective, the participants of such visual interaction, i.e., an analyst and the recipient of a visual message, need to establish the basis of shared communicative acts and meanings, and they need to agree on a set of common metaphors capable of conveying their personal understanding of reported events and situations[3]. Visual metaphors provide multiple complementary views of information, capable of assisting analysts in perception and reasoning[4].

Twitter is a one of the mostly used social media platform in the world. From 2009 onwards twitter supported the geo-tagged tweets. Geolocation is a very useful attribute in data analytics. From that, we can identify how the people around the world think and their behavior. Researchers have used this geo-tagged tweets to implement visual analytics platforms [5]–[7]. Using Twitter REST API, we can easily get geo-tagged tweets from around the world. This API provides the longitude and latitude of the particular tweet have posted; the user can enable and disable this geo-tagging feature as they prefer. Still, most of the tweets are not geo-tagged, ten tweets are considered only 3 or 4 tweets are geo-tagged. 

Using geo-tagged tweets and 3D metaphor can give a new way to analyze Twitter data base on geolocation. Scenarios like finding what is the most trending sport that people are discussing these days base on the country can easily analyze from using a geolocation based metaphor. Using IVA metaphors can make more interactive and can have a drill-down mechanism to metaphor. If we mapped this into the 2D map, the same location would mark several times, and it will be a very complex to view but using a 3D metaphor we can simplify that view by having different zoom levels and transformations[8]. 






1.1 [bookmark: _Toc491625764][bookmark: _Toc501372725]Background to the Research

When considering the existing social media data visualization metaphors, most of them use 2D visualization.  However, we can only produce a limited amount of information from 2D visualization. In another hand, 3D visualization can produce much information than 2D space. Figure 1.1 is a good example of this situation. We can clearly see the difference between 2D and 3D visualization.
[bookmark: _Toc501158308][bookmark: _Toc514803941][image: ]
Figure 1.1 Difference between 2D and 3D visualization[9]
The key problem is to implement a 3D metaphor for social media data that is capable of producing information for aiding data analysis. Metaphors are implemented over a half of decades in the computer world. When it comes to the metaphors that use in social media data visualization it is still a new area to explore and to study. Researchers are now focusing more on social media data visualization because there are now endless sources available in all over the internet[6], [10]–[13]. 

[bookmark: _Toc491625765][bookmark: _Toc501372726]1.2 Research Problem and Research Questions

The goal of this study is to investigate and develop a 3D metaphor for interactive visual analytics of social media data. The general definition of visual metaphor is the representation of a person, place, thing, or idea using a visual image that suggests a particular association or point of similarity. This work focuses on the use of metaphor for social media data exploration. That can be used to analyze the social media data through the 3D interface.
Considering research goal of this study, the generated research questions are as follows:
· How to visualize social media data using a 3D metaphor?
· [bookmark: _Toc491625766]What is the mechanism to visualize data in 3D space using geolocation?


[bookmark: _Toc501372727]1.3 Justification for the research

Wang Lidong stated that still there is a need for an interactive and user engage 3D visual analytic tools for social media data [1]. These day researchers are interested in 3D visualization in social media data [14]. In the present most of the analytic tools use 2D visualization, details that represent in 2D visuals are less than 3D that is why researchers are now trying to do 3D visualization in social media data.
[bookmark: _Toc491625767]Visualization plays a key role in exploring and understanding large datasets. According to[6], 3D visualization has more effects than 2D visualization when it comes to data visualization. Wang et al. states [1], interactive visualizations can help gain great insight from big data, and more new methods and tools of Big Data visualization should be developed for different Big Data applications. From [1], [5]–[7], [14] it is proved that there is a need in social media data 3D visualization.

[bookmark: _Toc501372728]1.4 Methodology

Recently, there are some researchers carried out to facilitate interactive visualization [6], [7]. As the first step of the research approach these existing approaches to 3D metaphors, data visualization with geolocation and social media data visualization is analyzed, and the key findings of those approaches that can be taken into consideration are identified. Twitter API data study and understanding is carried out as the next step of the research approach. Preprocessed twitter data to compatible with the 3D metaphor. Implement a 3D metaphor to map twitter data based one geolocation is the next step of research approach. The final step is focused on creating a user based evaluation model for the implemented 3D metaphor. Figure 1.2 represents a high-level architecture of the proposed research methodology.


[bookmark: _Toc514803942]Figure 1.2 High-level architecture of proposed research methodology
[bookmark: _Toc491625768]
[bookmark: _Toc501372729]1.5 Outline of the Dissertation

The dissertation is structured as follows. Chapter two explores the existing approaches related to the domain of social media data 3D visualization and 3D metaphors. Chapter three describes the proposed research design and methodology. Potential ways of addressing the research problems are discussed in this chapter. Chapter four demonstrates the implementation details of the proposed methodology. Chapter five presents the evaluation model and the evaluation results of the proposed approaches. The last chapter, chapter six demonstrates the conclusion of the thesis and outlines the future work.






[bookmark: _Toc491625770][bookmark: _Toc501372730]1.6 Delimitations of Scope

· In this research, the main deliverable will be an Interactive Metaphor for 3D Visualization of Social Media Data. 
· Twitter data will be used as the social media data and data will be gathered from the Twitter API.
· The developed 3D metaphor can be used to visualize Twitter data based on geolocation. 
· Drill down mechanism is limited for 3 levels. World map -> Country -> Province / State

[bookmark: _Toc491625771][bookmark: _Toc501372731]1.7 Summary

This chapter laid the foundations for the dissertation. It introduced the research problem and research questions and hypotheses. Then the research was justified, definitions were presented, the methodology was briefly described and justified, the dissertation was outlined, and the limitations were given. On these foundations, the dissertation can proceed with a detailed description of the research.
Chapter 2 -  [bookmark: _Toc491625772][bookmark: _Toc501372732]Literature Review
In this section, a review of related work on social media 3D metaphor for interactive visual analytics of social media data is provided. We have broken down this area into two sub-areas, 3D metaphors, and social media data visualization. Because this research is mainly based on the mentioned sub areas.
Researchers [1], [5], [14], [15] in this field have acknowledged 3D visualization is the next era of visualization. Because it is better than 2D visualization in many ways. When it comes to big data 2D visualization is not enough to do a good analysis and take decisions. People think if we can use 3D visualization to big data it will help to make sense of the structure and underlying patterns that may be held within the data, even before any serious computation begins.
At present, there are several tools to analyze social media data, however, most of them provide a 2D visualization. As an example, "gephi” is software platform which has features for Social Network Analysis, Biological Network analysis in graphical view but all graphs are in 2D. 
When it comes to 3D metaphors, it used in many fields not only in the big data[16]–[20]. Gordon. R has tried to introduce a prototype called "Amaze," which is a graphical user interface for an object-oriented database. This 3D interface, helps the user to visualize query construct and result representation [15]. Even though this was a good approach when we consider from the database side, it is not much good from user-friendly and user interface area because the resulting graphic is a little bit complex to understand.
Zachary et al. [14] have done a social media research, where a 3D print was carried out using big data at MIT labs. They have used a 3D mockup of the MIT campus to display twitter data. This data set will be mined to display data that may be important for administrators at MIT who wish to know about patterns on campus through key-word searches and topic clustering. Since they have implemented this only for MIT campus area, it is hard to generalize this project to other areas.
Moran Andrew et al. [6] has done a virtual reality research using twitter social media data. In there they have used MIT campus area as a virtual environment, and they have mapped the geolocation with twitter location data. However, in my point of view the work they are doing is not usable, what they do is just build a virtual environment of MIT campus add some tweets that extracted from the Twitter API and when a user goes to that location just shows that. I think it will be good if they used district as the environment. Because it will be easy to analyze the data, like how data has been scattering around the area. 
Alfredo et al. have done some researches for software 3D visualization. In there they try to explain the initial perception of how software is structured, understand the software logic. From this also what we can tell is 3D visualization is doing a major role when it comes to analysis [16]. However, in this project, they have not mentioned how we can use this for software productions. Also, this 3D city is not the best metaphor for this. Because there are so many functions in the software and the outcome will be a very complex one with many blocks. Thus, the user will face a hard time by understanding each block.  
Researchers [7] have used social media data for 3D modeling as well. Since there were so many data in social media Abdullah et. Al. has done a research base on following area 3D model places using social media data and drone videos. Here they have used social media data to get missing photo angles of the places. From combining drone videos and social media data, they were able to build good quality 3D models in places [7]. One drawback I see here is that we cannot expect to have the exact missing images in the available social media data.
Ekaterina et al. [5] explained how we could use virtual reality and augmented reality in bid data visualization. In here they have explained 3D visualization is better than 2D visualization when it comes to big data.
Above reviews are mainly based on 3D metaphors and how to apply 3D metaphor for social media visualization. In this study, we only focus on the Twitter dataset. This is only for the evaluation purpose. Below reviews are based on Twitter data visualization and data visualizing on geospatial context.
Andrei Sechelea [21] has done a research very recently about twitter data visualization. In this they have focused on two areas, present a clustering algorithm capable of identifying the main topics of interest in a tweet dataset and to design a visualization method which allows following the intensity of Twitter activity at a given geographical location. For our study, visualization part is important. From this research, we acquire the knowledge of how to do the twitter data preprocessing and what are the difficulties will face on that stage. However, in visualization part, they have only focused on the static 3D geolocation interface. Their interface is not interactive, which interactive interface is one of our main key points. However, we have to admit their research is good. Also, we got some foundation to our research from some of their findings.
Joseph Kaye who is a member of Nokia Research Center has built a system called Nokia Internet Pulse based on his research [22]. Visualizing current discussion around a particular topic on Twitter, this the main focus area of their research. This a not a 3D visualization, they study tweets on a particular period, and they display the most trending word. This is good for getting an idea about that happens at the moment, but we cannot do any analytic part from that. 
When it comes to data visualization in a geospatial context, many researchers [8], [13], [21], [23], [24] have focused on that area. Zhiyuan Zhang has done research [18] base on visualizing climate research data in a geospatial context. This an interactive visual analytics framework. They used google earth as their geospatial context and map the climate data on that. They did not implement any 3D metaphor they implement a visually interactive framework with climate data. From this research gained the knowledge of how to map database geospatial context.
· 

Chapter 3 -  [bookmark: _Toc491625773][bookmark: _Toc501372733]Design
[bookmark: _Toc501372734]3.1 Introduction 

This chapter follows the detailed explanation and justification of the mentioned research methodology in Section 1.4. It consists of four major sections namely data acquisition, data preprocessing, 3D visualization, and evaluation.

[bookmark: _Toc501372735]3.2 Data Acquisition

This section contains the data acquisition process for the 3D metaphor. Main data collection source is the Twitter REST API. Then, a harvesting machine is built to store the collected twitter responses. Collected data is stored in a JSON file to use in future steps. Figure 3.1 represents the high-level diagram of the main component of the data acquisition stage. 

Data Acquisition


  

[bookmark: _Toc514803943]Figure 3.1 Data acquisition diagram



[bookmark: _Toc501372736]3.2.1 Twitter REST API

Twitter is a micro-blogging platform, and it has become a key platform for communication. It has evolved into a global scale platform where people discuss day to day serious matters. This is one of the main reason to select twitter data as the data set of this research. Twitter tweets can only have 140 characters; people cannot post lengthy unwanted content in tweets, this another reason to select twitter data. Supporting geo-tagged tweets is also another reason for the selection of twitter data.

Twitter provides four different REST APIs for the developer. The free version of the Twitter Search REST API is the one used for this research. It provides enormous information attribute about a tweet.  Figure 3.2 represents a sample twitter response; some attributes are removed and contains only the attributes necessary to the research. Full twitter contains in appendix B. 

From the twitter response, geo, place, text, and username are the attributes concern in this research. Geo attribute is the most important attribute for the research; it contains the geolocation the tweet came from. Place attribute contains the country, state/province and the polygon coordinates of the area. Text attribute contains the tweet content. User -> name include the name of the twitter user. 

1. {  
2.     quote_count: 0,  
3.     text: "Nancy at the Junior Lions Christmas party ❤️ @ Millwall Football Club https://t.co/MIQc8QPqOV",  
4.     id: 942402412068745200,  
5.     coordinates: {  
6.         type: "Point",  
7.         coordinates: [-0.05367,51.48584]  
8.     },  
9.     user: {  
10.         statuses_count: 30295,  
11.         description: "South Londoner born and bred. Millwall season ticket holder & I fear no foe! Chartered Surveyor and dedicated cat lover",  
12.         name: "Jayne Jacob",  
13.         lang: "en",  
14.         screen_name: "jezebeljayne",  
15.     },  
16.     geo: {  
17.         type: "Point",  
18.         coordinates: [  
19.             51.48584, -0.05367  
20.         ]  
21.     },  
22.     place: {  
23.         full_name: "Lewisham, London",  
24.         country: "United Kingdom",  
25.         place_type: "city",  
26.         bounding_box: {  
27.             type: "Polygon",  
28.             coordinates: [  
29.                 [  
30.                     [-0.074547,51.414087],  
31.                     [-0.074547,51.494127],  
32.                     [0.038567,51.494127],  
33.                     [0.038567,51.414087]  
34.                 ]  
35.             ]  
36.         },  
37.         country_code: "GB",  
38.         attributes: {},  
39.         id: "58f909abfd95e133",  
40.         name: "Lewisham"  
41.     }  
42. } 
[bookmark: _Toc514803944]  Figure 3.2 Sample twitter response

[bookmark: _Toc501372737]3.2.2 Harvesting Machine

Harvesting machine is a simple application implemented using python to extract tweets from the Twitter API. Extracting tweets for a particular hashtag is the main functionality of this application. It does not give any meaningful view by mapping tweets that related to various areas. This is the reason to do a hashtag-based extracting from Twitter API. This research considered the hashtags with sports names. That is only for the demonstration purpose. The key areas that visualize in the 3D metaphor depend on the users perspective; the user can change the hashtag or user can give a data set that follows the JSON file format mentioned in chapter 3.3 by ignoring this harvest machine. 





[bookmark: _Toc501372738]3.2.3 Data JSON

This file contains the all extracted twitter responses in JSON format. This is the file that used in data preprocessing stage. It is easy to work with JSON file than working with a database and can customize the JSON file format easily.  Creating a JSON file requires less work than maintaining a database. To preprocess data it needs to give a data set in JSON format. Retrieving data from the database and converting them into a JSON format creates unnecessary work.  

[bookmark: _Toc501372739]3.3 Data Preprocessing

Twitter API response includes many attributes that are not needed for this research. Removing those attributes is the main action at this stage. As mentioned in section 3.2.1, this research only needs the geo, place, text and user attributes. Figure 3.3 represents the data preprocessing diagram. 


[bookmark: _Toc514803945]Figure 3.3 Data preprocessing diagram

According to Figure 3.3, the final output of the preprocessing stage is a JSON file which contains preprocessed twitter responses (tweets). In this preprocessing stage converting a twitter response mentioned in Figure 3.2 into a twitter, response showed in Figure 3.4 is carried out. In this, icon attribute will add to the response. From the icon attribute, we can decide the icon related to a particular tweet. Value of this attribute decides base on the hashtag if the hashtag is football icon attribute value will be football. In the final twitter respond it only contains the geo, place, text and user attributes.

1. {  
2.       text: "Nancy at the Junior Lions Christmas party ❤️ @ Millwall Football Club https://t.co/MIQc8QPqOV",  
3.       user: {  
4.         name: "Jayne Jacob",  
5.          lang: "en",  
6.          screen_name: "jezebeljayne",  
7.      },  
8.      geo: {  
9.          type: "Point",  
10.          coordinates: [  
11.              51.48584, -0.05367]           
12.      },
13.      icon: "football"   
14.      place: {  
15.          name: "Lewisham",  
16.          city: "London",  
17.          country: "United Kingdom",  
18.          place_type: "city",  
19.          bounding_box: {type: "Polygon",  
20.          coordinates: [  
21.                  [  
22.                      [-0.074547,51.414087],  
23.                      [-0.074547,51.494127],  
24.                      [0.038567,51.494127],  
25.                      [0.038567,51.414087]  
26.                  ]  
27.              ]  
28.          }}}
[bookmark: _Toc514803946]Figure 3.4 Preprocessed twitter respond 


[bookmark: _Toc501372740]3.4 3D Visualization

Mapping the tweets into interactive 3D metaphor based on geolocation is the main functionality of this stage. This stage consists of three major components of implementing the 3D metaphor, mapping tweets in metaphor and visualizing the mapped data. 3D metaphor comprises a drill-down mechanism. First state user sees the world map and how the tweets are distributed within the countries in the world. By selecting a country, the user can drill down into the country stage. In a country view, the user will see the tweets distribution within the states or provinces. 

“Using concepts familiar to users may require less training time because users can intuit primary attributes of structure or processing” [25]. All the icons designed for the metaphor follows this statement.
[bookmark: _Toc501372741]3.4.1 Implementing 3D Metaphor

This research use leaflet JS and eeGeo JS map to implement 3D map. Leaflet JS provides APIs to add markers and areas to the map. eeGeo js provides the 3D functionality to map by using WebGL. Using eeGeo turn the 2D map into 3D map. Underline of the eeGeo map is leaflet JS. 

Implemented interactive 3D metaphor consists of several features. The drill-down mechanism is a feature. Filter menu is the other important feature. Filter menu provides interactive buttons according to the extracted twitter hashtag values. For example, final twitter dataset (tweets) consists of tweets related to sports, and the extracted hashtag values are football, tennis, and cricket. Then the filter menu has three buttons with following names football, tennis, and cricket. Button icons are same as the mapped tweet icons. Filter menu appears from the right side of the map.  
  
[bookmark: _Toc501372742]3.4.2   Mapping Tweets

This is the stage that preprocessed data mapped into the 3D metaphor. Tweet mapped icon decide base on the icon value as mention in section 3.3. All icons are related to the particular sports name. From that, user’s eyes and mind will adjust to icons since people are familiar with sports equipment. Little children also can identify the sport by looking at the sports equipment. The icons used in the research can be identified by the small children as well. Figure 3.5 represents the icons used to map tweets. 
[image: ]
[bookmark: _Toc514803947]Figure 3.5 Tweets mapping icons chart

[bookmark: _Toc501372743]3.4.3 Visualizing

Implemented interactive 3D metaphor can be visualized using any web browser that supports WebGL. Visualize interface is not mobile responsive therefore a desktop browser is required. Nowadays everyone has access to a web browser; it is easy to use and very simple to handle. No need any extra equipment to display 3D in the browser, using WebGL we can do it simply. Final user interfaces can find in chapter 4 – implementation.

[bookmark: _Toc501372744]3.5 Evaluation

This research used a qualitative method to evaluate the implemented 3D metaphor. Evaluation purpose is to identify the implemented 3D metaphor is suitable to display twitter data. A method carried out openly via the internet; a google form has shared with participants and participants are anonymous. The form contained in the all instructions and evaluation model. All participants had a chance to interact with a 2D metaphor and 3D metaphor which has hosted on the internet. After that evaluation carried out based on the participants, experience had in two metaphors and ratings given by the participants. 


[bookmark: _Toc501372745]3.6 Summary 

This chapter provided a detailed description of the research design and the approaches considered in this study to build an interactive 3D metaphor for social media data. Research design composed of four main components which are data acquisition, data preprocessing, 3D visualization, and evaluation. Data acquisition section describes the way that collected and stored. Data preprocessing section includes the mechanisms used to preprocess data. 3D visualization section describes the approaches used to visualize Twitter data in a 3D space. Evaluation section contains how the evaluation was carried out to build metaphor. 
Chapter 4 -  [bookmark: _Toc491625774][bookmark: _Toc501372746]Implementation
[bookmark: _Toc501372747]4.1 Introduction

This chapter reviews the implemented user interfaces (UIs) and the significant functions. All UIs are implemented using javascript, HTML, and CSS. UIs are not responsive; it can only view using a desktop web browser. Throughout this chapter explain how to interact with UIs and the functionalities of each UI components. End of the chapter elaborates the significant functions like data extraction and preprocessing. 

[bookmark: _Toc501372748]4.2 Implementation

User interfaces design to align with the study purpose, which helps to social media data analysis. Figure 4.1 shows the initial UI that user gets once the user load proposed 3D metaphor in the web browser. 
[image: ]
[bookmark: _Toc514803948]Figure 4.1 Initial user interface
In this UI shows the view of a world map, countries colored with some random colors. Right side shows the tweets count for each country. Bottom bar shows the total tweets count for each hashtag value. This study used the twitter data that includes sports name in the tweets hashtags. Clicking one of a right side country can the break down to values for each hashtag value. 
Clicking a country on a world map will take the user into the country interface. Right side menu and the bottom values will change according to the country. The right side menu will change to main cities/states or provinces. This depends on how the Twitter API place attribute. In-country view the user will get a menu in the bottom also, from the bottom menu user can choose what hashtag related tweets should visualize on the metaphor. The user can select to visualize all hashtag values related tweets as well; default enables this. Figure 4.2 shows the Interface of country view. 
[image: ]
[bookmark: _Toc514803949]Figure 4.2 Interface of country view

To build the 3D map which can view on a web browser, used the eeGeo JS library. eeGeo JS is still evolving library; it does not support 3D view for some countries still. eeGeo JS render the 3D view on top of the leaflet JS, that is an advantage for this study. Adding a marker and polygon areas can be done easily by using leaflet JS. Figure 4.3 shows how to add the eeGeo JS for the project. Need to add the CSS file of the leaflet JS as well. 
<link rel="stylesheet" href="https://unpkg.com/leaflet@1.0.3/dist/leaflet.css" />
<script src="https://cdn-webgl.eegeo.com/eegeojs/api/v0.1.780/eegeo.js"></script>


[bookmark: _Toc514803950]Figure 4.3 Import eeGeo JS
Harvesting machine application used a python function to extract data from Twitter API. To extract data from Twitter API need to have a twitter application token that gains from creating a developer account in twitter developer console. Figure 4.4 shows the harvesting function used in this study. Python tweepy library used to extract data from Twitter API. Full code segment contains in appendix B.

def main():
    try:
        global api
        logger.info("Authorizing with Twitter")
        l = StdOutListener()
        auth = OAuthHandler(consumer_key, consumer_secret)
        auth.set_access_token(access_token, access_token_secret)
        logger.info("Authorized Twitter")
        api = API(auth)

        stream = Stream(auth, l)
        stream.filter(track=["football"]) ##hashtag to retrieve

    except Exception, e:
        logger.debug('%s, %s ' % (sys.exc_traceback.tb_lineno, e))

[bookmark: _Toc514803951]Figure 4.4 Python function for tweets extraction
Extracted twitter have preprocessed using a javascript function. From this function, it takes only the useful attributes of this study from twitter response and returns it as a JSON object. Figure 4.5 shows the preprocessing function used in this study. This function extracts the coordinates, user, geo, place, and text attributes from twitter response and adds the new attribute call icon, value of this attributes depends on the response hashtag.
function dataPreprocces(file) {
    var preProccessedDat = {};
    $.getJSON(file, function(data) {
        $.each(data, function(key, val) {
            var tweetResponse = {};
            if (key == coordinates) {
              tweetResponse += {key : val};
            }if (key == user) {
              tweetResponse += {key : val};
            }if (key == geo) {
              tweetResponse += {key : val};
            }if (key == text) {
                tweetResponse += {key : val};
            }if (key == place) {
                tweetResponse += {key : val};
            }if (key == hashtag) {
                tweetResponse += {"icon" : val};
            }
            preProccessedDat += tweetResponse;
        });
    });
    return preProccessedDat;
}
[bookmark: _Toc514803952]Figure 4.5 Data preprocessed function
Leaflet JS support custom markers, using that creates the custom markers for all hashtag values. To map markers in 3D map used the addMarkers function. This function takes a tweet as an input and based on the tweet icon value it decides the marker and assigns the marker coordinates that comes in the tweet. Figure 4.6 shows how to create a custom marker in leaflet JS and figure 4.7 shows the addMarker function used in this study.



var tennisIcon = L.icon({
        iconUrl: 'tennis.png', //image for the marker
        iconSize:     [32, 32],
        iconAnchor:   [22, 94],
        shadowAnchor: [4, 62],
        popupAnchor:  [-3, -76] 
    });
[bookmark: _Toc514803953]Figure 4.6 Create custom marker in leaflet JS

function addMarker(tweet){
  if(tweet.icon == "tennis"){
    L.marker([tweet.coordinates[0], tweet.coordinates[1]],{icon: tennis}).addTo(map);
  }

  else if(tweet.icon == "cricket"){
    L.marker([tweet.coordinates[0], tweet.coordinates[1]],{icon: cricket}).addTo(map);
  }
  else if(tweet.icon == "football"){
    L.marker([tweet.coordinates[0], tweet.coordinates[1]],{icon: football}).addTo(map);
  }
  else if(tweet.icon == "rugby"){
    L.marker([tweet.coordinates[0], tweet.coordinates[1]],{icon: rugby}).addTo(map);
  }
}
[bookmark: _Toc514803954]Figure 4.7 addMarker function


[bookmark: _Toc501372749]4.3 Summary

This chapter contain the detailed explanations for user interfaces used in the proposed interactive 3D metaphor and the detailed descriptions for significant functions that in the code base. 
Chapter 5 -  [bookmark: _Toc491625775][bookmark: _Toc501372750]Results and Evaluation
[bookmark: _Toc501372751]5.1 Introduction

This chapter reviews how the evaluation was conducted for the implemented interactive 3D metaphor and the results that gained from the evaluation. To evaluate the metaphor, a qualitative evaluation method using online participants was carried out. Section 5.2 elaborates on this evaluation model. Final results and the outcomes of the evaluation are discussed in section 5.3. 

[bookmark: _Toc501372752]5.2 Evaluation Model

The qualitative method used for the evaluation was carried out as follows. The participants were given a chance to experience a 2D metaphor and a 3D metaphor (which proposed by this research). Both metaphors visualized the same tweets and the same icons. After that, participants were asked to fill a survey form under the consideration of the following key features. All key features are rated using a 1 to 5 scalar. one is the lowest value, and five is the highest.  
· Easy to understand – how easy to understand the data representation of each metaphor. 
· Interactiveness – interactiveness by the experience gained through each metaphor. 
· Good for analyzing purpose – how good to use each metaphor for analysis purpose.
· User friendliness – users, rated the user-friendliness according to the user perspective. The main purpose of this is to understand does the implement 3D metaphor is user-friendly to use. 
The main purpose of carrying an online survey is to have a variety of participants [16]. Doing this using only university students or within the university cannot achieve the purpose of having variety between participants. 

To have a better idea of the participants, survey form also collected participants gender and age range. Participants also got a chance to give any feedback for the implemented 3D metaphor and feedback for the research. In the end, participants were asked to select which metaphor is more suitable for twitter data visualization. This question was asked at the very end after the rating all key features and the feedback section. Participants were also asked to rate tweet mapped icons.  Not good, good, very good are the scalar values used for that rating. Full survey form structured contains in appendix A. 

[image: ]Figure 5.1 shows the 2D map participants experience in the survey. Figure 5.2 shows the same map after several zoom levels. The only way that a participant can interact with the 2D is to zoom in and out. 

[bookmark: _Toc514803955]Figure 5.1 2D map used in evaluation survey
[bookmark: _Toc514803956]Figure 5.2[image: ] 2D map after several zoom levels
[image: ]Figure 5.3 shows the 3D map participants experience in the survey. Figure 5.4 shows that map after several zoom levels. The used 3D map has rotation interact activity with zoom in and out. It is more colorful than the 2D map. 
[bookmark: _Toc514803957]Figure 5.3 3D map used in evaluation survey
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[bookmark: _Toc514803958]Figure 5.4 3D map after several zoom levels
[bookmark: _Toc501372753]5.3 Results

At the end of the survey period, 37 participants have completed the survey. There was no time limit to complete the survey and participants can take as much as the time they need to experience the metaphors. 

There were 24 male participants and 13 female participants among the participant population. Figure 5.5 represents the gender-based statics graph. 
 [image: ]
[bookmark: _Toc514803959]Figure 5.5 Gender statics graph
Most of the participants are from the age group of 20-25. Figure 5.6 represents the age group statics graph.
[bookmark: _Toc514803960][image: ] Figure 5.6 Age group statics graph

[image: ]

[bookmark: _Toc514803961]Figure 5.7 Feature rating graph for 2D metaphor
Most of the participants have good ratings for the 2D metaphor which used the 2D map. For all key features, most of participates have rated scale 4. This indicates the 2D metaphor is also good for twitter data representation. Figure 5.7 represents the user rating statics for the key features of the 2D metaphor. 
When it comes to 3D metaphor, it has more scale 5 ratings for key features when compared with the 2D metaphor feature rating graph. Figure 5.8 represents the key feature rating graph for the 3D metaphor. 


[image: ]
[bookmark: _Toc514803962]Figure 5.8 Feature rating graph for 3D metaphor
When it comes to select a suitable metaphor to visualize twitter data, more than 50% participants have rated the 3D metaphor is more suitable than the 2D metaphor. Figure 5.9 represents the statics graph for metaphor rating. 
[bookmark: _Toc514803963]Figure 5.9[image: ] Metaphor rating statics graph
Most of the participants have rated the used icons are good for visualization. Few participants have rated icons are not suitable (not good) for visualization. Figure 5.10 represents the icon rating statics graph.


[bookmark: _Toc514803964]Figure 5.10[image: ] Icon rating statics graph

When it comes to 3D map loading time most of the participants have complained that loading time is very high for the 3D metaphor. This is mainly because the 3D metaphor has more details than the 2D one. Resolving this issue direct to another research area. That is out of scope for the current research. 

[image: ]As additional testing, a google chrome performance testing for both 2D and 3D metaphor was conducted. It indicates that 3D metaphor takes much time to load scripts than a 2D metaphor. Mainly because eeGeo use a large number of scripts to build the 3D map on top of the leaflet JS map. Figure 5.11 shows the google chrome performance testing results for the proposed 3D metaphor and Figure 5.12 shows the results for 2D metaphor.
[bookmark: _Toc514803965]Figure 5.11 Performance testing results for 3D metaphor


[bookmark: _Toc514803966]Figure 5.12[image: ] Performance testing results for 2D metaphor
[bookmark: _Toc501372754]5.4 Summary

This chapter explained the proposed evaluation model to evaluate proposed interactive 3D metaphor for visualizing social media data. Section 5.2 explained the qualitative evaluation method conduct to evaluate implemented interactive 3D metaphor under the case study of visualizing twitter data which includes the sports name in the hashtags. Evaluation results are explained in section 5.3.  Further analysis showed that people are more like to 3D metaphor than a 2D metaphor. 
Chapter 6 -  [bookmark: _Toc491625776][bookmark: _Toc501372755]Conclusions
[bookmark: _Toc491625777][bookmark: _Toc501372756]6.1 Introduction

The purpose of the current study was to implement an interactive 3D metaphor to visualize social media data to help social media analysis. This chapter will review the conclusions of this study based on the mentioned purpose and limitations of the current work. The final section discusses the future enhancements for the current study.

[bookmark: _Toc501372757][bookmark: _Toc491625778]6.2 Conclusions 

This study has shown that people are more like to visualize data in 3D space than 2D space. Analytics of the evaluation results have proved that. However, the analytics of the results also show that 2D metaphor are also good for data visualization, and there are people who like to interact with 2D metaphors. 

The results of this study indicate that implemented 3D metaphor is suitable to visualize social media data, in this case, twitter data. However, from the participants comments, it indicates that still there are more improvements to be done in proposed 3D metaphor. Appendix A-participants comments diagram contains all participants comments. 

The results of this research support the idea that people are like to analyze data using a 3D metaphor and it is interesting when it compares with the 2D metaphors. 

This study shows that mapping data based on geolocation can improve the visualization of data representation. The present study has introduced a new 3D metaphor to visualize social media data. This is the main contribution to the data visualization and analytics field. 

However, researchers can implement more suitable interactive 3D metaphors to visualize social media. It is possible that someone has already started to implement a new metaphor to visualize social media data in a 3D space. That is the significant learning learned while doing this study.  Metaphors are not a new thing to the computer world. Over the half century, the development of these metaphors changed dynamically [25]. Metaphors cannot limit the web 3D interface. It has a broad view and a long future. 

[bookmark: _Toc491625780][bookmark: _Toc501372758]6.3 Limitations

· The current investigation was limited twitter data visualization. The current study was unable to visualize other social media platform data. 
· The user interface is not mobile responsive. Implemented 3D metaphor can only be used in the desktop web browser.
· Only have three drill-down levels.

[bookmark: _Toc491625781][bookmark: _Toc501372759]6.4 Implications for further research

This research has opened up many paths to consider in future. The current 3D metaphor is controlled from the mouse and keyboard. This can be improved where metaphors are controlled from hand gestures. Nowadays there are several motion tracking devices; one such device can be used for this scenario. 
It would be interesting to implement this web-based 3D metaphor in a virtual environment. Users can explore the cities in a virtual environment and can analyze the data by getting real-life experience. 
Mobile screen interface designing and metaphors are different than in desktop. Therefore there is a need to improve this metaphor to be compatible with the mobile phones.  
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Evaluation form structure.
[image: ]
[image: ]
[image: ]
[image: ]
Feedback comments for 3D metaphor.
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Feedback comments for 2D metaphor.
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[bookmark: _Toc491625785][bookmark: _Toc501372762]Appendix B: Code Listings
Following figure represents the detailed Twitter response for a tweet.
1. {  
2.     quote_count: 0,  
3.     contributors: null,  
4.     truncated: false,  
5.     text: "Nancy at the Junior Lions Christmas party ❤️ @ Millwall Football Club https://t.co/MIQc8QPqOV",  
6.     is_quote_status: false,  
7.     in_reply_to_status_id: null,  
8.     reply_count: 0,  
9.     id: 942402412068745200,  
10.     favorite_count: 0,  
11.     source: "<a href="  
12.     http: //instagram.com" rel="nofollow">Instagram</a>",  
13.         retweeted: false,  
14.     coordinates: {  
15.         type: "Point",  
16.         coordinates: [-0.05367,  
17.             51.48584  
18.         ]  
19.     },  
20.     timestamp_ms: "1513521218684",  
21.     entities: {  
22.         user_mentions: [],  
23.         symbols: [],  
24.         hashtags: [],  
25.         urls: [{  
26.             url: "https://t.co/MIQc8QPqOV",  
27.             indices: [  
28.                 70,  
29.                 93  
30.             ],  
31.             expanded_url: "https://www.instagram.com/p/Bczo27QHgZ3/",  
32.             display_url: "instagram.com/p/Bczo27QHgZ3/"  
33.         }]  
34.     },  
35.     in_reply_to_screen_name: null,  
36.     id_str: "942402412068745217",  
37.     retweet_count: 0,  
38.     in_reply_to_user_id: null,  
39.     favorited: false,  
40.     user: {  
41.         follow_request_sent: null,  
42.         profile_use_background_image: true,  
43.         default_profile_image: false,  
44.         id: 315426450,  
45.         default_profile: true,  
46.         verified: false,  
47.         profile_image_url_https: "https://pbs.twimg.com/profile_images/885047437269794819/adMCJKp6_normal.jpg",  
48.         profile_sidebar_fill_color: "DDEEF6",  
49.         profile_text_color: "333333",  
50.         followers_count: 2404,  
51.         profile_sidebar_border_color: "C0DEED",  
52.         id_str: "315426450",  
53.         profile_background_color: "C0DEED",  
54.         listed_count: 26,  
55.         profile_background_image_url_https: "https://abs.twimg.com/images/themes/theme1/bg.png",  
56.         utc_offset: null,  
57.         statuses_count: 30295,  
58.         description: "South Londoner born and bred. Millwall season ticket holder & I fear no foe! Chartered Surveyor and dedicated cat lover",  
59.         friends_count: 1912,  
60.         location: null,  
61.         profile_link_color: "1DA1F2",  
62.         profile_image_url: "http://pbs.twimg.com/profile_images/885047437269794819/adMCJKp6_normal.jpg",  
63.         following: null,  
64.         geo_enabled: true,  
65.         profile_banner_url: "https://pbs.twimg.com/profile_banners/315426450/1498312333",  
66.         profile_background_image_url: "http://abs.twimg.com/images/themes/theme1/bg.png",  
67.         name: "Jayne Jacob",  
68.         lang: "en",  
69.         profile_background_tile: false,  
70.         favourites_count: 16585,  
71.         screen_name: "jezebeljayne",  
72.         notifications: null,  
73.         url: null,  
74.         created_at: "Sat Jun 11 21:10:13 +0000 2011",  
75.         contributors_enabled: false,  
76.         time_zone: null,  
77.         protected: false,  
78.         translator_type: "none",  
79.         is_translator: false  
80.     },  
81.     geo: {  
82.         type: "Point",  
83.         coordinates: [  
84.             51.48584, -0.05367  
85.         ]  
86.     },  
87.     in_reply_to_user_id_str: null,  
88.     possibly_sensitive: false,  
89.     lang: "en",  
90.     created_at: "Sun Dec 17 14:33:38 +0000 2017",  
91.     filter_level: "low",  
92.     in_reply_to_status_id_str: null,  
93.     place: {  
94.         full_name: "Lewisham, London",  
95.         url: "https://api.twitter.com/1.1/geo/id/58f909abfd95e133.json",  
96.         country: "United Kingdom",  
97.         place_type: "city",  
98.         bounding_box: {  
99.             type: "Polygon",  
100.             coordinates: [  
101.                 [  
102.                     [-0.074547,  
103.                         51.414087  
104.                     ],  
105.                     [-0.074547,  
106.                         51.494127  
107.                     ],  
108.                     [  
109.                         0.038567,  
110.                         51.494127  
111.                     ],  
112.                     [  
113.                         0.038567,  
114.                         51.414087  
115.                     ]  
116.                 ]  
117.             ]  
118.         },  
119.         country_code: "GB",  
120.         attributes: {},  
121.         id: "58f909abfd95e133",  
122.         name: "Lewisham"  
123.     }  
124. }

The full code segment for twitter data extraction.
from tweepy.streaming import StreamListener
from tweepy import OAuthHandler
from tweepy import Stream, API
from datetime import datetime
from optparse import OptionParser
import json
import sys
import re
import logging
import logging.config

BIGLIST = []
replied_type = []
api = None # fugly temp placeholder

FILE_CONFIG = 'compli.conf'
LOG_CONFIG = 'logging.ini'

logging.config.fileConfig(LOG_CONFIG)
logger = logging.getLogger(__name__)

### Read configs ###
parser = ConfigParser.ConfigParser()
parser.read(FILE_CONFIG)
section = "Twitter"
consumer_key = parser.get(section, "CON_KEY")
consumer_secret = parser.get(section, "CON_SEC")
access_token = parser.get(section, "ACC_KEY")
access_token_secret = parser.get(section, "ACC_SEC")
### /Read configs ###

class StdOutListener(StreamListener):
    def on_data(self, data):
        data = json.loads(data)
        BIGLIST.append(data)
        return True

    def on_error(self, status):
        logger.debug(status)

def store(data):
    logger.info("Storing dump to file")
    with open('dump.json', 'w') as fout:
        json.dump(data, fout)


def main():
    try:
        global api
        logger.info("Authorizing with Twitter")
        l = StdOutListener()
        auth = OAuthHandler(consumer_key, consumer_secret)
        auth.set_access_token(access_token, access_token_secret)
        logger.info("Authorized Twitter")
        api = API(auth)

        stream = Stream(auth, l)
        stream.filter(track=["football"]) ##hashtag to retrieve

    except Exception, e:
        logger.debug('%s, %s ' % (sys.exc_traceback.tb_lineno, e))

if __name__ == '__main__':
    try:
        main()
    except KeyboardInterrupt:
        store(BIGLIST)
        logger.debug("Terminating...")

Initialize the 3D map in front end.
<html lang="en">
  <head>
    <meta charset="utf-8">
    <title>Building Gorgeous 3D maps with eegeo.js and Leaflet</title>
    <link rel="stylesheet" href="https://unpkg.com/leaflet@1.0.3/dist/leaflet.css" />
    <script src="https://cdn-webgl.eegeo.com/eegeojs/api/v0.1.780/eegeo.js"></script>
    <style media="screen">
      .center {
        margin: 0 auto;
      }
    </style>
  </head>
  <body>
    <div id="map" class="center" style="width: 1000px; height: 600px;"></div>
    <div class="center">
    </div>
  </body>
</html>
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