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Abstract

Social media data can provide valuable information regarding people’s behaviors and health 

outcomes. Previous studies have shown that social media data can be extracted to monitor and 

predict infectious disease outbreaks. These same approaches can be applied to other fields 

including physical activity research and forensic science. Social media data have the potential to 

provide real-time monitoring and prediction of physical activity level in a given region. This tool 

can be valuable to public health organizations as it can overcome the time lag in the reporting of 

physical activity epidemiology data faced by traditional research methods (e.g. surveys, 

observational studies). As a result, this tool could help public health organizations better mobilize 

and target physical activity interventions. The first part of this paper aims to describe approaches 

(e.g. topic modeling, sentiment analysis and social network analysis) that could be used to analyze 

social media data to provide real-time monitoring of physical activity level. The second aim of this 

paper was to discuss ways to apply social media analysis to other fields such as forensic sciences 

and provide recommendations to further social media research.
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Introduction

Social media technology, such as Twitter, allows users to communicate with each other by 

sharing short messages and website links. Users often share their thoughts, feelings and 

opinions on these social media platforms and as a result, social media data could be used to 

provide real-time monitoring of psychological and behaviour outcomes that inform levels of 

physical activity1, 2. A unique aspect about social media data from Twitter is that the posts 

are public and geo-tagged and thus, all Internet users, including health researchers, can 

readily access this data. Twitter usage has increased 30% from 2012 to 20143. Currently 1 in 
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4 adults uses twitter and usage is expected to increase steadily in the future3. Due to the 

rapid growth in social media use, these sites provide an enormous amount of data (e.g., over 

500 million tweets per day on Twitter). The growing body of social media data is becoming 

a central part of big data research as these data can be modeled alongside other datasets (e.g. 

biomedical, crime rate) and used to predict outcomes from these datasets. Research has 

already shown that data from social media technologies can be used for novel approaches to 

identifying infections disease outbreaks such as influenza transmission4 and HIV 

outbreaks5. Methods used to analyze social media data for predicting infectious disease 

outbreaks could be applied to physical activity research and other fields of study such as 

forensic science. Currently, no studies have described the application for using social media 

data to predict and monitor physical activity levels. Therefore, the first aim of this paper was 

to describe social media analysis approaches (e.g. topic modeling, sentiment analysis and 

social network analysis) that can be used to monitor and predict levels physical activity in 

real-time. The second aim of this paper was to discuss ways to apply social media analysis 

to other fields such as forensic sciences and provide recommendations to further social 

media research.

Methods of analyzing social media data for physical activity surveillance

Regular physical activity is associated with important health benefits and it is critical to 

chronic disease prevention and management6, 7. Currently, only about 20% adults in the 

United States meet the recommended amount of physical activity (at least 150 minutes of 

moderate-intensity aerobic activity per week8). Based on the latest physical activity survey 

from Center for Disease Control and Prevention (CDC), the prevalence of physical inactivity 

varies across the United States9. The lack of uniformity in the rate of physical inactivity has 

made one of the top priorities to conduct studies and surveys to improve our understanding 

of population-level physical activity epidemiology. These studies and surveys aim to identify 

groups and populations who are not engaged in regular physical activity and locations of 

where physical inactivity occurs9–11. These epidemiological studies are extremely valuable 

in providing data that can be used to target interventions and health promotion efforts to 

improve physical activity level. However, these current approaches have several limitations. 

First, there is up to 2 years of lag time in reporting physical activity survey data. Second, it 

can be challenging to get people to respond to surveys resulting in a sparsity of data. Third, 

surveys and observational studies can be time-consuming and resource intensive to conduct. 

Therefore, innovative research approach, such as analyzing social data, may improve the 

current state of physical activity surveillance in order to help public health organizations to 

better target interventions aimed at promoting physical activity.

There are currently three main social media analysis approaches that can be used to monitor 

and predict levels of physical activity in real time12. These approaches are not mutually 

exclusive and thus can be used together to build models for monitoring and predicting 

physical activity. The first approach is to conduct topic modeling, which allows researchers 

to identify the proportion of tweets related to physical activity within a given region12. 

Previous studies have reported that increased frequency of tweets for a particular topic can 

suggest behaviors that people are currently about to engage in4, 5, 13. For example, Young et 

al. (2013) reported that the proportion of tweets related to sexual activity and drug use was 
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significantly positively associated with HIV outbreaks within a county level5. Similarly, 

Broniatowski et al. (2013) reported that tweets related to influenza symptoms were 

significantly associated with regions of influenza outbreaks in 2012–2013. The authors were 

able to build a statistical model using Twitter data to detect weekly change in influenza 

prevalence with 85% accuracy compared with actual CDC influenza reports4. Building on 

these methods, a binary classification model to identify the proportion of physical activity 

related tweets can be accomplished by identifying whether the tweets contain a word(s) 

discussing physical activity. Previous studies have partitioned the corpus of tweets into those 

that discussed physical activities and those that did not using a “dictionary” of physical 

activity related words2, 14. This dictionary was created based on the physical activities 

mentioned in the guidelines for exercise testing published by the American College of 

Sports Medicine and the Center for Disease Control and Prevention (CDC)15. It is possible 

that the “dictionary” does not contain every possible physical activity descriptor, therefore, 

more advanced methods such as topic modeling (e.g. Latent Dirichlet Allocation) or 

machine learning methods (e.g. logistic regression, support vector machine) can also be 

applied to automatically identify physical activity-related tweets12. However, these methods 

still require inputs from domain experts to confirm that the Latent Dirichlet Allocation and 

machine learning algorithms are extracting relevant information from tweets. Once the 

proportion of physical activity related tweets are extracted, these data can then be modeled 

along an existing physical activity dataset to examine relationships and models for 

predicting and monitoring physical activity levels.

The second method is to conduct sentiment analysis to determine whether an individual’s 

attitude or perception towards a topic is positive, negative or neutral. The two commonly 

used approaches to determine whether a tweet expresses a positive or negative sentiment are 

the lexicon-based approach and the machine learning-based approach12. The lexicon-based 

approach determines a tweet’s sentiment using a dictionary of positive and negative words. 

The machine learning based approach (e.g. support vector machines, Niave Bayes) typically 

trains sentiment classifiers using features such as unigrams or bigrams12. Researchers have 

applied both of these sentiment analyses approaches to analyze social media data on a wide 

range of public health issues such as monitoring public panic during the 2009 H1N1 

outbreak16 and predicting risk for depression13. These sentiment analyses methods can also 

be applied to analyzing social data related to physical activity. A recent study of 15,000 

randomly selected tweets found that people often tweeted about health-promoting physical 

activities (up to 35% of the tweets examined). Most of the physical activity related tweets 

revealed plans to do physical activity such as aerobic exercise, weight training and stretch 

exercises14. These studies suggest that it is possible to mine social media data and apply 

sentiment analysis to reveal an individual’s attitude and perception of the various aspects of 

physical activity.

The third method is to conduct social network analysis to determine the influence of one’s 

social network on the person’s behavior and health outcomes12. A previous study has 

reported that the prevalence of obesity was influenced more by a person’s social network 

(e.g. friends, family members) rather than geographic distance. Specifically, a person’s 

chances of becoming obese can increase by 57% if he or she had a friend who became obese 

in a given interval17. Since obesity is influenced by physical inactivity, it may be possible to 
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predict a person’s physical activity level by studying their social network as well1, 7. In the 

age of the Internet, and social media platforms such as Twitter, users are enabled to form 

virtual social networks that can mimic the characteristics of social networks in real-life12. 

Twitter users can declare the people they are interested in following, in which case they get 

notified when that person has tweeted. The user who is being followed by other users does 

not have to reciprocate by following them back, which makes the links of the Twitter social 

network to be directional12. These online social network data enable researchers to quantify 

relationships and their impact on behaviors. A recent study examining the influence of 

students’ Twitter social network on student interaction revealed that students tend to carry 

out more Twitter interactions with those of similar levels of academic achievement18. These 

results help generate the hypothesis that individuals who are more physically active may 

belong to a social network that is more physically active. Overall, social network data from 

Twitter or other social media platforms offer an exciting new area of research that may 

provide a rich source of data for studying dynamics of individual and group behavior for 

engaging in physical activity.

Recommendations to advance the field of social media research

Social media-based data have the potential to not only be used as a tool for physical activity 

surveillance and monitoring, but also be applied to fields such as forensic science. For 

example, using topic modeling, geo-tagged tweets, and sentiment analysis, social media data 

may be used to build tools to monitor and predict crime rates, and drug trafficking activates 

with in a region. Analyzing social media data may help identify individuals who are victims 

of violence. This may be done by analyzing topics of conversation and sudden changes in 

sentiment or social media use. Social media data may also provide useful information (e.g. 

personality, social network, last known location, personal interest) to forensic investigators 

to help find missing individuals.

In order to advance the field of social media research and apply to other domains such as 

physical activity research or forensic science, an interdisciplinary team is required. Current 

methods for extracting social media data require several steps that draw expertise from 

different fields. Computer scientists and engineers are required to build the software that 

may be used to extract and store relevant social media data. Domain experts from physical 

activity or forensic science are needed to help understand the relevant information that 

should be extracted from social media data (e.g. people’s attitude, motivation). Statisticians 

and epidemiologists are valuable in helping to build sophisticated models that use these 

social media data to build prediction models. Collaboration across multiple fields of study is 

a key step to further this field of research.

Additionally, it is important to consider previously established theories and frameworks to 

guide the development process of surveillance tools using social media data. For instance, 

ecological model of health can help explain factors influencing physical activity not only at 

the individual (e.g. beliefs, motivation) level, but also factors related to social (e.g. social 

support, cultural norms), environmental (e.g. walkability, crime, weather) and policy level 

(e.g. Education and schools, parks and recreation sector)11. Criminology theories may help 

forensic scientists understand reasons individuals commit a crime19. Therefore, these 
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theories can help guide researchers to identify the types of information that needs to be 

extracted from social media data and additional data sources (e.g. environmental data, crime 

rate) in order to build effective prediction and surveillance tools.

It is also important to understand the limitations of social media-based research and to find 

methods to address these limitations in order to advance the field. A current challenge facing 

social media research is data accessibility and whether the data can be generalized20. Not all 

social media platforms (e.g. Facebook, Twitter) enable researchers to access user data. The 

characteristics of individuals that use each platform can also differ, resulting in potential 

sampling bias. For example, Twitter is fairly well distributed across gender, income and 

education, but Twitter users tend to be younger and more racially diverse compared with the 

overall population of Internet users3. The method of downloading social media data can also 

influence the generalizability of the data20. For instance, Twitter’s application program 

interface can be used to retrieve up to 1% of all tweets but there is no assurance of a random 

or representative sample. Alternative methods to download Twitter’s full data stream (the 

firehouse method) exist but this can be extremely expensive and a barrier to access for many 

academic researchers20.

Finally, as this emerging field evolves, there is a need to develop a standardized protocol and 

guidelines for cleaning and analyzing social media data. There are currently multiple 

methods that can be used to identify search terms, sample data, data cleaning and analysis12. 

In order to develop a standardized method for social media analysis, it is important for 

researchers to document and publish all methodologies for other investigators to learn and 

further this field of research.

Conclusion

Surveillance and monitoring of changes in people’s behavior and outcomes can help inform 

government agencies and organizations mobilize appropriate interventions. Social media 

data has the potential to provide real-time surveillance and prediction of physical activity 

levels. Current social media analyses approaches that could be used to monitor and predict 

physical activity levels in real-time include topic modeling, sentiment analysis and network 

analysis. These approaches can also be applied to the field of forensic science such as 

building tools to monitor and predict crime rates, and drug trafficking activates with in a 

region and identifying individuals who are victims of violence. Recommendations to further 

this field of research include: 1) engaging in inter-disciplinary collaboration and research, 2) 

taking consideration of previously established scientific theories and frameworks to guide 

the development process, 3) understanding the limitations of social media data in order to 

find methods to overcome them, and 4) developing a standardized protocol and guidelines 

for cleaning and analyzing social media data.
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